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Despite data supporting the benefits of early reading interventions, there has been little evaluation of the
long-term educational impact of these interventions, with most follow-up studies lasting less than 2 years
(Suggate, 2010). This study evaluated reading outcomes more than a decade after the completion of an
8-month reading intervention using a randomized design with 2nd and 3rd graders selected on the basis of
poor word-level skills (Blachman et al., 2004). Fifty-eight (84%) of the original 69 participants took part in
the study. The treatment group demonstrated a moderate to small effect size advantage on reading and spelling
measures over the comparison group. There were statistically significant differences with moderate effect sizes
between treatment and comparison groups on standardized measures of word recognition (i.e., Woodcock
Basic Skills Cluster, d � 0.53; Woodcock Word Identification, d � 0.62), the primary, but not exclusive,
focus of the intervention. Statistical tests on other reading and spelling measures did not reach thresholds for
statistical significance. Patterns in the data related to other educational outcomes, such as high school
completion, favored the treatment participants, although differences were not significant.
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Despite compelling data supporting the benefits of early reading
interventions that include explicit instruction in word-level skills and
text-based reading (McCardle, Chhabra, & Kapinus, 2008; National
Reading Panel (NPR) Report, 2000; Snow, Burns, & Griffin, 1998;
Snowling & Hulme, 2005), there has been little evaluation of the
long-term effects of these interventions. In a recent review of reading
intervention studies that focused on effect sizes, Suggate (2010) found

that in 85 experimental or quasi-experimental studies, only 21 studies
had a long-term follow-up, with a mean length of 15.52 months
(SD � 14.34). Only one of the 21 studies reported a follow-up that
lasted longer than 2 years. Suggate concluded that the results of his
review were “restricted by the small number of studies reporting
long-term follow-up reading performance” (p. 1568).

There are no studies, to our knowledge, that have investigated whether
the reading benefits that result from early and intensive reading reme-
diation are evident as students transition from adolescence to young
adulthood. The data reported here are the result of a long-term
follow-up conducted approximately 11 years after the completion of
a reading remediation study using a randomized design with second
and third graders selected on the basis of poor word-level reading
skills (Blachman et al., 2004). Knowledge of whether there are
long-term benefits is especially important given the evidence that
childhood reading difficulties are persistent and follow many into
adolescence and adulthood with serious public health consequences,
including greater likelihood of dropping out of high school, higher
unemployment, and negative health and emotional outcomes (Lyon,
2001).

Persistence of Childhood Reading Difficulties

In a series of studies, Bruck (1990, 1993, 1998) investigated the
reading of adults with childhood diagnoses of dyslexia. Her main
finding was that although reading disabilities are typically diag-
nosed in childhood, the “condition is not specific to childhood, but
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persists into adulthood” (Bruck, 1998, p. 179), with reading and
cognitive profiles constant across that time span (see also
Maughan et al., 2009; Undheim, 2009). Persistent deficits in single
word decoding and a variety of phonological processing skills
(e.g., phonological recoding in working memory) among this pop-
ulation of adults with childhood diagnoses of reading disabilities
have also been found in both international (Breznitz & Misra,
2003; Paulesu et al., 2001) and North American studies (Ransby &
Swanson, 2003; Scarborough, 1984; S. E. Shaywitz et al., 2003;
Wilson & Lesaux, 2001).

Other researchers who have followed students from various points
in elementary school and tracked their reading progress over time
have reached similar conclusions. In a longitudinal study, Juel (1988)
found that the probability that a child who was a poor reader in Grade
1 would remain a poor reader in Grade 4 was .88. Francis, Shaywitz,
Stuebing, Shaywitz, and Fletcher (1996) tracked children from the
Connecticut Longitudinal Study from Grade 1 to Grade 9 and found
that it did not matter if the poor readers had been diagnosed because
of a discrepancy between IQ and achievement or because of low
achievement in reading; less than 25% of children in both groups
developed adequate reading skills by Grade 9, with these patterns
persisting through Grade 12 (S. E. Shaywitz et al., 1999). Even with
a more consistent orthography, like German, researchers Landerl and
Wimmer (2008) found that 70% of the dysfluent readers in Grade 1
were still dysfluent in Grade 8, demonstrating the persistence of poor
word recognition speed. Similar data regarding the stability of indi-
vidual differences in word decoding and other reading and language
skills were reported in a large study of Dutch children followed
through the elementary grades (Verhoeven & van Leeuwe, 2008) and
a study in Sweden following children through 12th grade (Svensson
& Jacobson, 2006).

Snowling, Muter, and Carroll (2007) followed children with
high familial risk for dyslexia and again found that the reading
difficulties were persistent, with no evidence of catching up be-
tween the ages of 8 and 13 (see also Muter & Snowling, 2009).
Similar evidence of stability over time has also been found in the
Colorado longitudinal twin studies (Astrom, Wadsworth, Olson,
Willcutt, & DeFries, 2011; Hulslander, Olson, Willcutt, & Wads-
worth, 2010; Wadsworth, DeFries, Olson, & Willcutt, 2007). For
example, Wadsworth et al. followed twins with and without read-
ing difficulties (RD) over a 5- to 6-year period when the students
were between the ages of 10 and 16 and found that the RD students
continued to have difficulties during the follow-up assessments,
with a stability correlation across groups of .80 for a composite
measure of reading.

Although sobering, these results are consistent with other data
documenting the fact that many children who are receiving remedial
reading support in schools are reportedly making little or no progress.
As Torgesen et al. (2001) put it, the programs are merely “stabilizing
their degree of reading failure” (p. 34). Hanushek, Kain, and Rivkin
(1998) reported that 4 years of placement in special education in
Grades 3 through 6 was associated with growth in reading skills of .04
standard deviations per year. Researchers have long documented the
lack of effectiveness of two common sources of remedial reading
instruction provided to public school children: Title 1 reading pro-
grams and reading instruction provided in the resource room for
children with disabilities (Bentum & Aaron, 2003; Foorman, Francis,
Beeler, Winikates, & Fletcher, 1997; Kennedy, Birman, & Demaline,
1986; Moody, Vaughn, Hughes, & Fischer, 2000; Puma et al., 1997).

In these studies, minimal gains relative to initial status were reported,
and any gains were lost when children left the program (Birman et al.,
1987).

Prognosis for Adolescents and Adults With Low
Levels of Literacy

The persistence of RD has negative economic and emotional
consequences for adolescents and young adults, starting with the
fact that reading skill at the end of third grade is a reasonably
accurate predictor of whether or not one will graduate from high
school (Snow et al., 1998). In addition to increasing the likelihood
of dropping out of school, adolescents with reading problems are
at higher risk for behavioral and emotional difficulties, such as
depression and anxiety (Arnold et al., 2005; Carroll, Maughan,
Goodman, & Meltzer, 2005; Svetaz, Ireland, & Blum, 2000).
Although grade retentions still have proponents (Snow et al.,
1998), there is no evidence of academic benefit (Silberglitt, Apple-
ton, Burns, & Jimerson, 2006), but not meeting grade expectations
in reading in the early grades is the main reason for retaining a
child (Snow et al., 1998).

More troubling are data from the National Longitudinal Study of
Adolescent Health, indicating that being retained in school is
related to “higher levels of emotional distress,” violence, and
substance abuse (Resnick et al., 1997, p. 831). As adults, those
with poorer literacy skills are much less likely to be employed. The
results of the National Assessment of Adult Literacy (National
Center for Education Statistics [NCES], 2006), administered to
over 19,000 adults, indicated that 14% scored at the “below-basic”
level (the lowest of four levels of proficiency) and another 29%
scored at the basic level, indicating that they too have limited
literacy skills. Of those who scored at the “below-basic” level,
51% were unemployed.

Evidence-Based Interventions for Children With RD
and Follow-Up Studies

Given the high estimates of RD (almost one in five in some studies)
(S. E. Shaywitz & Shaywitz, 1996), the persistence of these difficul-
ties into adulthood, and the negative economic and health conse-
quences for both individuals and society when adults do not read well,
the National Academy of Sciences established a committee to exam-
ine the prevention of RD. The report that resulted (Snow et al., 1998)
and the follow-up report commissioned by Congress (NRP, 2000)
reviewed data from a large body of research and concluded that there
was strong support for providing early instruction in phonological
awareness and in the systematic relations between spellings and
sounds to improve accuracy and fluency of word recognition, while
also reaffirming the importance of extensive reading and an early
focus on meaning.

Despite extensive evidence that early intervention and remedia-
tion programs can reduce the incidence of reading failure (see
Brady, 2011; Vellutino & Fletcher, 2005, for reviews), follow-up
studies have been limited, with most lasting less than 2 years
(Suggate, 2010). Follow-up studies have reported relative stability
of gains, with treatment children continuing to significantly out-
perform controls 1–3 years after the completion of evidence-based
interventions provided in kindergarten (Lennon & Slesinski, 1999;
Simmons, Coyne, Kwok, Harn, & Kame’enui, 2008; Vadasy,
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Sanders, & Peyton, 2006; although see van der Kooy-Hofland, van
der Kooy, Bus, van IJzendoorn, & Bonsel, 2012, for a discussion
of “differential susceptibility” to treatment effects), first and sec-
ond grade (Blachman, Tangel, Ball, Black, & McGraw, 1999;
Fuchs, Compton, Fuchs, Bryant, & Davis, 2008; Ryder, Tunmer,
& Greaney, 2008; Vadasy, Sanders, & Abbott, 2008; Vellutino &
Fletcher, 2005), and to somewhat older remedial students in
Grades 2 through 6 (e.g., Blachman et al., 2004; Rashotte,
MacPhee, & Torgesen, 2001). A longer follow-up was conducted
by Elbro and Petersen (2004), who reported positive effects of a
kindergarten intervention for at-risk students on multiple measures
of reading in Grades 2, 3, and 7. These findings regarding the
durability of effects are promising, but there are no long-term
follow-up studies that have investigated whether the gains are still
evident when students are making the transition from adolescence
to early adulthood. In addition, there is little data on whether early
reading interventions can reduce the poor educational outcomes
(e.g., lower graduation rates) associated with poor development of
literacy skills.

The Current Study and Theoretical Considerations

To address the issues of long-term effects of early reading
interventions on reading skills and literacy-related educational
outcomes, we conducted an 11-year follow-up of a Grade 2–3
cohort who received a reading intervention. In the original study,
Blachman et al. (2004) randomly assigned 69 second- and third-
grade struggling readers chosen on the basis of poor word recog-
nition to 8 months of explicit reading tutoring or to treatment as
usual provided by the schools, with a 1-year follow-up after the
research treatment ended. Treatment children significantly outper-
formed comparison children on word recognition, reading rate,
spelling, and passage reading, with respective effect sizes (d) at the
end of the treatment year of 1.69, .96, 1.13, and .78; effect sizes 1
year later were .97, .81, .81, and .57, respectively.

In this long-term follow-up, we hypothesized that students who
received the 8-month explicit reading treatment would achieve
higher reading and spelling outcomes than students who received
the regular school-based intervention. Two theoretical frameworks
(Share, 1995; Stanovich, 1986) influenced our predictions regard-
ing long-term outcomes. In a classic article, Stanovich (1986)
hypothesized that children who got off to a better start in reading
would enjoy a “Matthew effect” in which the gap between good
and poor readers increased over time. Snowling and Hulme (2005)
explained how this model accounts for success or failure in read-
ing: “Children who are reading well experience more print, acquire
more vocabulary, and develop even stronger reading skills; con-
versely, children who are poor readers read less, fail to develop
knowledge and vocabulary, thus inhibiting further growth in read-
ing” (p. 543). Based on this framework, we hypothesized that early
improvements in reading among treatment participants, as demon-
strated in the original study and 1-year follow-up, would result in
higher reading and spelling outcomes a decade later and increasing
divergence relative to the comparison group. Further support for
this prediction comes from Share’s (1995) self-teaching model. He
hypothesized that proficiency in decoding acts as a self-teaching
mechanism to facilitate retaining words and spellings in memory
(Cunningham, Perry, Stanovich, & Share, 2002) and contributes to
the acquisition of sight words (Ehri, 2005). In support of the

self-teaching model, more print exposure has been shown to con-
tribute to the development of automaticity of word recognition
(Cunningham, Nathan, & Raher, 2011), and automaticity has been
shown to facilitate comprehension (Perfetti, 1985; Rasinski, Re-
utzel, Chard, & Linan-Thompson, 2011). If children who learn to
decode early are exposed to more print (Stanovich, 1986), the
opportunities to benefit from Share’s self-teaching model should
have been greater for those who participated in the intervention.
We also predicted that distal outcomes of the self-teaching hypoth-
esis might extend to other literacy-related outcomes. Specifically,
we explored whether treatment and comparison students would
differ in years of special education, grade retentions, high school
completion, and attendance at a postsecondary institution, hypoth-
esizing that differences would favor the treatment children. To test
our hypotheses, we gathered information about a broad range of
academic-related outcomes (e.g., high school completion) as well
as included a large battery of academic and cognitive measures.

Method

Participants

Original sample. Participants in the long-term follow-up were
recruited from the 69 children in the original study (Blachman et al.,
2004). Participants in the original study attended 11 schools in four
school districts in upstate New York. The districts represented a range
of socioeconomic status levels from poor, urban schools to middle-
class, suburban schools. Children were eligible for the study if they
had a standard score below 90 (� 25th percentile) on either the Word
Identification or the Word Attack subtest of the Woodcock Reading
Mastery Tests-Revised (Woodcock, 1987) and also a standard score
below 90 on the Basic Skills Cluster of the Woodcock. Children also
had a Verbal IQ on the Wechsler Intelligence Scale for Children–third
edition (WISC-III; Wechsler, 1991) of at least 80. Treatment children
in this study were also participants in a neuroimaging study to inves-
tigate the influence of intensive reading intervention on patterns of
brain activation in children with reading disabilities (B. A. Shaywitz
et al., 2004). The neuroimaging component added constraints to the
selection criteria. Specifically, all participants had to be right-handed
and could not have medical appliances (e.g., pacemaker) that would
preclude a magnetic resonance image. Children who were learning
English as a second language were not included. The overall sample
size was driven by the capacity to image children, for which families
had to travel from Syracuse to New Haven, Connecticut.

There were two cohorts of children recruited when the children
were at the end of either first or second grade. Children in the first
cohort were recruited in the spring of 1997, and children in the
second cohort were recruited in the spring of 1998. Data from the
two cohorts were aggregated in the analyses. The final sample for
the original study included 37 treatment (22 males and 15 females)
and 32 comparison children (20 males and 12 females). (For a
detailed description of the selection and randomization process,
see Blachman et al., 2004).

No significant differences were found in the original study
between the treatment and comparison groups on age, t(67) �
�1.00, p � .32; sex, �2(1, N � 69) � .07, p � .80; race (Fisher’s
exact test, N � 69, p � .94); mother’s educational level, t(67) �
0.34, p � .73; or any of the initial screening measures used to
determine eligibility, including Verbal IQ, Performance IQ, Full
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Scale IQ, Woodcock Basic Skills Cluster, Woodcock Word Iden-
tification subtest, or the Woodcock Word Attack subtest. Addi-
tionally, the groups did not differ on the number of school ab-
sences during the treatment year, t(67) � 0.24, p � .81, or the
follow-up year, t(67) � 1.01, p � .30.

Follow-up sample. Fifty-eight of the original 69 subjects (84%)
participated in the long-term follow-up. They were all over 18 years
of age (M � 20.1 years; SD � .65), with a range of 19–22 years of
age, and all provided written consent for the follow-up. Initially,
contact information (i.e., telephone numbers and addresses of the
students’ parent[s], their place of employment, names and addresses
of two other friends or relatives) provided at the end of the original
study was used to locate the participants. For those whose original
contact information was no longer viable (e.g., family moved, partic-
ipant was away at college or military, family no longer used land
lines), other sources were used. These included web-based informa-
tion sources, such as google.com and whitepages.com.

The search for participants was a protracted process that took place
between the summer of 2009 and January 2011. Initially, a prelimi-
nary phone contact using an Institutional Review Board (IRB)-
approved set of “talking points” was made to explain to potential
participants that they would be receiving a consent letter for a
follow-up study and to provide basic information about the study.
Beginning in September 2009, consent letters were mailed to potential
participants as they were located. Approximately 1 week after sending
the letter, each potential participant was called to answer any ques-
tions. If they indicated an interest in participating, they either mailed
back a copy of the signed letter or brought it with them to the testing
session(s). No testing took place until signed IRB-approved consent
letters were returned. Of the original 69 participants, 65 were located
and 58 took part in the long-term follow-up study (33 treatment and
25 comparison). Of the 11 who did not participate, four were not
located (two treatment, two comparison), two declined (comparison),
four did not respond after they were located (two treatment, two
comparison), and one died between the time he was located and
scheduled for testing (treatment). Number and percentage of partici-
pants by gender are shown in Table 1.

Prior to analyzing the results of the long-term follow-up, we
looked for differences between the 58 who participated and the 11
participants from the original study on whom we were not able to
gather follow-up data. No significant differences were found be-
tween these subgroups on age, t(12.49) � �0.56, p � .582; race,
�2(3, N � 69) � 2.31, p � .510; treatment-comparison attrition,
�2(1, N � 69) � 1.57, p � .211; or any of the initial screening
measures used to determine eligibility, including Verbal IQ, Per-
formance IQ, Full Scale IQ, Woodcock Basic Skills Cluster,
Woodcock Word Identification, or the Woodcock Word Attack
Subtest (p � .05). There were significant differences between

these two groups on sex, �2(1, N � 69) � 4.96, p � .026; 10 of
the 11 missing participants were male. There were also significant
differences on mother’s educational level, t(19.97) � �3.44, p �
.003, with a significantly lower educational level for the mothers
of the 11 participants on whom we have no data.

There were no differences between the 33 treatment and 25
comparison participants on age, t(47.93) � �0.77, p � .446; sex,
�2(1, N � 58) � .18, p � .672; race, �2(3, N � 58) � 1.74, p �
.628; mother’s educational level, t(50.64) � 0.62, p � .536; or any
of the initial screening measures used to determine eligibility or
additional measures administered at pretest (see Table 2).

Procedure

Original study. During the school year, the treatment children
were given 50 min of one-to-one tutoring, 5 days per week, for 8
months. The reading intervention emphasized the phonologic and
orthographic connections in words, focusing on accurate decoding
and word recognition, fluency, and spelling, as well as text-based
reading. Each lesson was built around a five-step plan. Lessons
began with a daily review of sound–symbol associations learned in
previous lessons and the introduction of new sound–symbol cor-
respondences. This was followed by practice in phoneme analysis
and blending during which children manipulated letter cards on a
sound board to make phonetically regular words reflecting partic-
ular syllable patterns (e.g., to practice closed syllable words,
children might be asked to first make the word fan and then change
it to fin and then shin). Next, children focused on fluency by
quickly reading words made up of previously learned syllable
patterns, as well as words that are high frequency and irregular
(e.g., said). Oral reading practice provided an opportunity for
children to read both phonetically controlled text as well as trade
books that were not phonetically controlled (e.g., Amelia Bedelia
series by Peggy Parish). Finally, tutors dictated words used in
earlier steps of the lesson or new words with the same phonetic
pattern. Children progressed from reading simple closed syllable
words (e.g., fan) to more complex syllable types (e.g., hoist, storm)
and finally to multisyllable words made of the syllable types they
had learned (e.g., reptile, tarnish).

Treatment fidelity was high. Each child was observed approx-
imately nine times during the treatment year, and two independent
raters reviewed each of the observation protocols. Ninety-six per-
cent of the protocols indicated that the lesson included all five
steps, and there was 100% interrater agreement. Comparison chil-
dren continued to receive whatever services the school district
provided (e.g., Title 1 reading, reading instruction in the resource
room). Seventy-two percent of the comparison group received
special reading intervention from their school during the treatment

Table 1
Number and (Percentage) of Participants by Gender

Variable

Treatment Comparison

Male Female Total Male Female Total

Original study (N � 69) 22 15 37 20 12 32
Long-term follow-up (n � 58) and percent of original study

participants in follow-up (84%) 19 (86%) 14 (93%) 33 (89%) 13 (65%) 12 (100%) 25 (78%)
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year. Both groups received their regular classroom reading instruc-
tion. All children were assessed before tutoring began, at the end
of tutoring, and again 1 year after the posttest by testers blind to the
treatment assignment of the children. There was no attrition during
the original study, and there were no missing data on any of the
measures (see Blachman et al., 2004, for detailed descriptions of
measures and intervention).

Long-term follow-up. Most participants were assessed within 2
years (M � 21.38 months, SD � 7.39) of their high school graduation

date (or the date on which their graduation was projected to have
taken place if they had completed high school). In most instances
(n � 44), participants were tested in a comfortable room designated
for this purpose in our university research lab. In instances where
participants were unable to travel to the lab (e.g., they did not
have transportation, but lived within 1 hr of the lab), arrangements
were made to provide transportation. For other participants (n � 8),
the tester met them in a quiet public location, such as a public or
university library, closer to their homes in upstate New York. In other
instances, participants resided out of state, and testers traveled to these
out-of-state locations such as Texas, Florida, and Tennessee (n � 6).
Regardless of where testing took place, all testing sites were quiet,
public locations. All participants were offered the option of complet-
ing the 4- to 5-hr assessment battery in either one or two sessions.
Ninety-three percent of the participants chose to complete it in one
session.

All assessments were administered in a fixed order. The assess-
ment battery included tests in the following domains: academic
(word identification, decoding, fluency, comprehension, spelling,
math), cognitive, vocabulary, health literacy, attention, and adap-
tive functioning (e.g., resilience, peer affiliations, family support).
In addition, participants completed two questionnaires (i.e., tech-
nology and reading habits and demographic and medication ques-
tionnaires). Measures of adaptive functioning, the demographic
and medication questionnaire, and the technology and reading
habits survey were read aloud to the participants. All other mea-
sures were read by the participants, as dictated by the standardized
administration procedures. All participants completed all measures
in the battery. Immediately upon completion of the testing battery,
participants were paid $200.

Also, upon completion of testing, participants signed forms grant-
ing permission to obtain their high school transcripts. The original
plans were to obtain from the schools information on years of special
education and/or remedial help, but this information was not available
on school transcripts and would have required school personnel to
retrieve the information from archived data. In most instances, school
personnel were unwilling to perform this task. For some participants,
these data were even more difficult to acquire because the participant
had attended multiple schools. Therefore, the information on special
education was obtained through self-report. Transcripts were used to
determine retention and graduation rates, and self-report was the
source for information regarding completion of a General Educational
Development (GED) certificate or attendance at a postsecondary
institution.

The analyses in this article focus on the primary outcomes, which
involve the academic and cognitive measures, as well as information
regarding special education services, grade retention, high school
completion, and postsecondary education. Our high school comple-
tion data included students who received a high school diploma or a
GED certificate. As noted by the NCES (2011),

The General Educational Development (GED) credential is often
considered to be the equivalent of a high school diploma for students
who do not graduate from a high school . . . . Nearly all postsecondary
institutions (98 percent) that require high school diplomas for appli-
cation purposes also recognize the GED credential. (p. 1)

The Census also counts those with GEDs as having graduated (Mishel
& Roy, 2006), and the “status completion rate” reported by the NCES
(2012) “represents the percentage of 18- through 24-year-olds who

Table 2
Pretest, Posttest, and 1-Year Follow-Up Means for Treatment
and Comparison Participants in the Long-Term Follow-Up

Measure

Treatmenta Comparisona

M SD M SD

Pretest only

Age at entry 95.33 5.86 94.04 6.68
PPVT-R 97.12 12.30 93.52 12.86
WISC-III Verbal IQ 94.70 10.20 92.64 9.44
WISC-III Performance IQ 99.36 14.01 99.48 13.90
WISC-III Full Scale IQ 96.39 10.93 95.32 11.39

Pretest

WRMT Basic Skills Cluster 81.55 7.25 82.64 6.39
WRMT Word Identification 82.24 6.92 84.36 6.68
WRMT Word Attack 83.94 8.85 82.16 7.48
WRAT Spelling 82.27 6.84 81.12 7.39
GORT Quotient 73.55 8.23 73.96 6.97
GORT Accuracy 5.52 1.28 5.80 1.35
GORT Rate 5.36 1.11 5.60 1.19
GORT Comprehension 5.76 2.37 5.72 1.84
WJ-R Calculations 89.48 12.05 89.44 14.91
WJ-R Applied Problems 99.73 15.28 96.32 12.58

Posttest

WRMT Basic Skills Cluster 87.15 11.19 79.68 9.56
WRMT Word Identification 87.67 10.48 81.56 9.39
WRMT Word Attack 88.73 13.14 80.44 9.97
WRAT Spelling 91.61 7.57 83.24 10.50
GORT Quotient 84.64 9.42 78.88 10.04
GORT Accuracy 7.21 2.16 6.32 2.06
GORT Rate 6.64 1.58 5.72 1.72
GORT Comprehension 8.06 2.14 6.92 2.34
WJ-R Calculations 94.61 16.82 99.00 20.04
WJ-R Applied Problems 102.79 12.20 103.80 12.84

1-Year Follow-Up

WRMT Basic Skills Cluster 86.67 10.88 80.24 10.38
WRMT Word Identification 86.36 9.95 80.76 10.67
WRMT Word Attack 88.76 11.49 82.52 10.25
WRAT Spelling 89.94 8.48 83.24 10.35
GORT Quotient 85.09 10.35 81.40 11.91
GORT Accuracy 6.09 2.60 5.84 2.39
GORT Rate 6.36 2.21 5.36 1.98
GORT Comprehension 8.82 2.13 8.40 2.45
WJ-R Calculations 98.33 14.87 95.12 11.80
WJ-R Applied Problems 105.00 9.72 104.72 11.97

Note. PPVT-R � Peabody Picture Vocabulary Test–Revised; WISC-III �
Wechsler Intelligence Scale for Children–third edition; WRMT � Wood-
cock Reading Mastery Tests; WRAT � Wide Range Achievement Test;
GORT � Gray Oral Reading Tests; WJ-R � Woodcock-Johnson Psycho-
Educational Battery—Revised.
a treatment group n � 33; comparison group n � 25.
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are not enrolled in high school and who have earned a high school
diploma or an alternative credential, including a GED certificate” (p.
10). Given that the age of participants in the current study ranged from
19 to 22, it seemed appropriate to follow the standard government
convention of including those with a GED when reporting the number
of study participants who completed high school and to use the data
reported by the NCES (2012) for comparison with the percentages
reported in this follow-up study.

Tester qualifications, training, and reliability. Assessments
were administered by three testers, all of whom were blind to the
treatment assignment of the participants. The testers included the
assessment coordinator for the project, who has a doctorate degree
in school psychology, and two additional testers – one with a
doctorate degree in school psychology and the other an advanced
doctoral student in school psychology. Tester training took place
over four 3-hr sessions and additional one-on-one practice sessions
with the assessment coordinator, for a total of 16 hr of training.
Practice time for administration of the full battery was provided
during the final session. A one-on-one session with the assessment
coordinator was held during which each tester had to administer
the entire battery. During this session, testers were evaluated on
proficiency of administration according to a 5-point Likert-type
scale. Testers had to achieve an overall rating of “1” to be
“cleared” for testing. This meant they could have no errors that
would impact a student’s score on any measure.

Observations of the two primary testers for the purpose of estab-
lishing tester reliability were conducted by the assessment coordina-
tor. Although the assessment coordinator also tested seven of the
participants (12%), she was not observed by another tester because
her testing typically involved traveling to assess out-of-state partici-
pants for whom reliability observations were not practical. Reliability
observations of the two testers were conducted during 10 test admin-
istrations, including the first test battery administered by each tester
(observations were conducted for 17% of the sample). Correlations
between testers’ and the reliability observer’s raw scores were calcu-
lated for the cognitive and achievement sections for which partici-
pants provided verbal responses to test items, comprising 39% of the
total assessment battery. For the cognitive and achievement sections
of the battery, reliability coefficients ranged from .93 to 1.00, with an
overall reliability estimate of .9997. These coefficients suggest that
there were minimal discrepancies in the administration and scoring
procedures followed by individual testers, thus minimizing tester
differences as sources of error in these portions of the assessment
battery.

Measures

Long-term follow-up. The subset of academic and cognitive
measures administered as part of the 5-hr battery are described below.

Woodcock Reading Mastery Tests—Revised (WRMT–R), Word
Identification subtest and Word Attack subtest (Form G; Woodcock,
1987). The Word Identification subtest measures word recogni-
tion by having participants read words from a graded word list.
The median split-half reliability for the Word Identification subtest
(Form G) is .97 (Woodcock, 1987). The Word Attack subtest
measures word attack skills by having participants read decodable
nonwords that increase in difficulty. The median split-half reliabil-
ity for the Word Attack subtest (Form G) is .87 (Woodcock, 1987).
The median split-half reliability for the Basic Skills Cluster (Form

G), the composite of Word Identification and Word Attack, is .96
(Woodcock, 1987).

Test of Word Reading Efficiency (TOWRE): Sight Word Ef-
ficiency subtest and Phonemic Decoding Efficiency subtest
(Torgesen, Wagner, & Rashotte, 1999). On the Sight Word
Efficiency subtest, participants read from a graded word list as
quickly as possible, skipping over any unknown words. On the
Phonemic Decoding Efficiency subtest, participants read from a
pronounceable list of nonwords as quickly as possible. Both sub-
tests have a time limit of 45 s. The average alternate forms
reliability coefficient is .93 for Sight Word Efficiency and .94 for
Phonemic Decoding Efficiency. Total average Word Reading Ef-
ficiency reliability is reported to be .96 (Torgesen et al., 1999).

Group Reading Assessment and Diagnostic Evaluation
(GRADE), Passage Comprehension (Level A; Williams, 2001).
GRADE Passage Comprehension measures the ability to compre-
hend text and apply comprehension strategies (e.g., questioning,
summarizing, clarifying, and predicting). Level A is recommended
for advanced high school and postsecondary individuals. Partici-
pants read extended passages silently and answer comprehension
questions. This subtest is untimed. The internal consistency coef-
ficient for Level A is .95 for 12th grade and .85 for postsecondary.

WRMT–R, Passage Comprehension subtest (Form G; Wood-
cock, 1987). The Passage Comprehension subtest measures the
ability to read a short passage silently (generally two to three sen-
tences in length) and provide a key word missing from the passage.
The subtest is not timed. The median split-half reliability for the
Passage Comprehension subtest (Form G) is .92 (Woodcock, 1987).

Wide Range Achievement Test 4 (WRAT4), Spelling (Green
Form; Wilkinson & Robertson, 2006). The WRAT4 spelling
subtest is individually administered to assess ability to write single
words from dictation. Median internal consistency across all ages for
this subtest is .90 (Wilkinson & Robertson, 2006).

Woodcock-Johnson-III—Tests of Achievement, Applied Prob-
lems subtest (Woodcock, McGrew, & Mather, 2001). The Ap-
plied Problems subtest measures the ability to solve word prob-
lems read by the examiner. The median internal consistency
coefficient for Applied Problems is .93 for all ages (McGrew &
Woodcock, 2001).

Peabody Picture Vocabulary Test–fourth edition (PPVT-IV)
(Form A; Dunn & Dunn, 2007). This test measures receptive
vocabulary and can be used as a measure of verbal ability. Partic-
ipants point to one of four pictures that match a word spoken by
the examiner. The median internal consistency for this subtest
across all ages is .94 (Dunn & Dunn, 2007).

Wechsler Adult Intelligence Scale–fourth edition (WAIS-IV),
Matrix Reasoning (Wechsler, 2008). The Matrix Reasoning
subtest measures nonverbal reasoning ability. For each item, the
participant identifies a missing item from a pattern or series (e.g.,
a sequence of alternating large and small circles are shown, and the
participant selects the figure that occurs next from five choices).
Split-half reliability for Matrix Reasoning for young adults age
18–24 years ranged from .87 to .88. Split-half reliability estimates
for Matrix Reasoning for individuals with reading disabilities (N �
34) is estimated at .93.

Original pretest measures used as covariates. As explained
in more detail in the Results section, for the academic achievement
measures assessed in the long-term follow-up, we used comparable
pretest variables measured in the original study as covariates. If the

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

51READING REMEDIATION EFFECTS A DECADE LATER



same measure was not used in the earlier study, we covaried on a
pretest measure that was aligned with the same construct.

WRMT–R, Word Identification subtest and Word Attack sub-
test (Form G; Woodcock, 1987). Both the WRMT–R word iden-
tification and Word Attack subtests were administered as pretests in
the original study and again during the long-term follow-up. The
pretest measures were used as covariates when analyzing the follow-
up. The pretest WRMT-R Basic Skills Cluster was used as a covariate
when differences between groups on that composite score were ana-
lyzed.

Word Reading Efficiency (prepublication version of the
TOWRE; Torgesen et al., 1999). This prepublication version of
the TOWRE was administered as a pretest and was used as a covariate
when analyzing group differences on both subtests of the published
TOWRE (the Sight Word Efficiency subtest and Phonemic Decoding
Efficiency subtest; Torgesen et al., 1999) administered during the
follow-up. For the prepublication version, children read as quickly as
possible from a graded word list (Form A), skipping over any un-
known words. After 45 s, the examiner instructed the child to stop,
and a second timed trial with a new, but comparable, list of words
(Form B) was administered. Speed (number of correctly read words
per second) was computed for each version of the test, and the two
speed measures were averaged. Test–retest reliability of this average
based on data collected for the original study was .95.

Gray Oral Reading Tests—third edition (GORT-3, Form A:
Wiederholt & Bryant, 1992). The GORT-3 measures reading
accuracy, rate, and comprehension through timed reading of up to
13 graded passages. Testing yields individual subtest scores as
well as an overall oral reading quotient. The overall pretest oral
reading quotient was used as a covariate in analyses of group
differences on both comprehension measures administered in the
follow-up study (i.e., GRADE and WRMT–R Passage Compre-
hension). Median internal consistency across all ages for the
GORT-3 oral reading quotient is .97 (Wiederholt & Bryant, 1992).

Wide Range Achievement Test 3 (WRAT3), Spelling (Tan
Form; Wilkinson, 1993). The WRAT3 spelling subtest admin-
istered as a pretest was used as the covariate when analyzing group
differences on the WRAT4 spelling subtest administered in the
follow-up. Median internal consistency across all ages for the
WRAT3 spelling subtest is .89 (Wilkinson, 1993).

Woodcock-Johnson Psycho-Educational Battery—Revised
(WJ-R), Tests of Achievement, Applied Problems subtest (Wood-
cock & Johnson, 1989). The WJ-R Applied Problems subtest
administered as a pretest was used as a covariate when analyzing
group differences on the WJ-III Applied Problems subtest admin-
istered in the follow-up. Internal consistency for the WJ-R Applied
Problems subtest is .91 (Woodcock & Mather, 1989).

PPVT-R (Dunn & Dunn, 1981). The PPVT-R administered
as a pretest was used as a covariate when analyzing group differ-
ences on the PPVT-IV administered in the follow-up. The median
split-half reliability across all ages for the PPVT-R is .82 (Dunn &
Dunn, 1981).

WISC-III (Wechsler, 1991). The WISC-III Performance IQ
administered during initial eligibility screening for the original
study was used as a covariate when analyzing group differences on
the WAIS-IV Matrix Reasoning subtest (Wechsler, 2008) admin-
istered in the follow-up. The average split-half reliability across all
ages for the WISC-III Performance IQ is .91 (Wechsler, 1991).

Results

To investigate differences between the treatment and compari-
son groups in the long-term follow-up, we conducted a series of
analyses that used original group assignment (treatment vs. com-
parison) as the main independent variable. For the academic
achievement measures assessed in the long-term follow-up, we
performed analyses of covariance that included the grouping vari-
able as well as the pretest variable measured before the interven-
tion began. For achievement assessments that did not have a direct
pretest measure, we chose a pretest measure that was aligned with
the same construct being assessed. For the academically related
indices (e.g., grade retention), we did not use a covariate and
instead performed either an ANOVA or chi-square tests, depend-
ing on the nature of the variable. All statistical tests were con-
ducted at an alpha threshold of p � .05, with no correction for the
number of dependent tests to avoid Type II errors. Effect sizes
were computed for each comparison. Although the original study
was adequately powered to detect the anticipated effects of the
intervention at posttest, it was not designed with detection of
long-term effects in mind.

Treatment Group Effects

Means and standard deviations for the groups at pretest, posttest,
and 1-year follow-up for the 58 participants are shown in Table 2. The
bar graph in Figure 1 depicts the standard score means on the
WRMT–R Basic Skills Cluster (a composite of the Word Identifica-
tion and Word Attack subtests) for the treatment and comparison
groups at pretest, posttest, 1-year follow-up, and long-term follow-up.

Table 3 reports means and standard deviations for the long-term
follow-up data. There were statistically significant differences

Figure 1. Treatment and comparison group standard score means on the
Basic Skills Cluster of the Woodcock Reading Mastery Tests-Revised
(Woodcock, 1987) at pretest, posttest, 1-year follow-up, and long-term
follow-up.
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between the treatment and comparison groups on the Woodcock
Basic Skills Cluster, F(1, 55) � 5.15, p � .027, and Woodcock
Word Identification, F(1, 55) � 5.73, p � .020. Differences
between other variables shown in Table 3 did not meet the critical
level of alpha (p � .05). With the exception of moderate effect
sizes for Woodcock Basic Skills Cluster (d � 0.53) and Word
Identification (d � 0.62), all of the other reading and spelling
effect sizes were small to negligible. The range was from .28 for
WRAT Spelling to .06 for Woodcock Passage Comprehension.
The mean effect size for the seven reading and spelling measures
in Table 3 (excluding Woodcock Basic Skills Cluster, which is a
composite of Word Identification and Word Attack) was .24, with
an effect size of .21 for the receptive language measure. The effect
size for grade retentions (d � �.39) also favored the treatment
participants.

Chi-square analyses revealed no significant differences be-
tween treatment and comparison participants on the variables in
Table 4, although patterns in the data again favor the treatment
group. For example, fewer treatment participants reported re-
ceiving special education services, more treatment students
completed high school, and more treatment participants re-
ported participating in postsecondary education (attending ei-
ther a trade school or 2-year or 4-year college). With regard to
high school completion, 85% of treatment students and 68% of
comparison students had a high school diploma or a GED by the
time they were assessed for the follow-up study. Treatment
student data compares favorably with data reported by the
NCES (2012) regarding students with and without disabilities.
Specifically, “In 2009, some 89.8 percent of 18- through 24-
year-olds not enrolled in high school had received a high school
diploma or alternative credential” (NCES, 2012, p. 10). The
percentage was somewhat lower (80%) for those with disabil-
ities (NCES, 2012, p. 11).

Discussion

The major finding was that the treatment group demonstrated a
moderate to small effect size advantage on reading and spelling
measures over the comparison group more than a decade after a
reading intervention that took place when the students were in
Grades 2 or 3. The results provided some support for our hypoth-
esis that students who received the 8-month explicit reading treat-
ment would achieve higher reading (although not spelling) out-
comes than students who received the regular school-based
intervention when the effect size data are considered. However, the
results were not consistent with the hypothesis that these postint-
ervention differences would increase because of the Mathew ef-
fect. Instead, the findings are more consistent with studies of the
Mathew effect in untreated longitudinal samples that do not find
evidence of increased divergence over time among good and poor
readers for decoding skills (B. A. Shaywitz et al., 1995). A year of
successful reading intervention seems to shift the poor readers up-
ward, but there is stability at that point, at least after 1 year of
intervention. In addition, the evidence that these effects would extend
to other domains and outcomes because of self-teaching was not
strongly supported. There were statistically significant differences
with moderate effect sizes between treatment and comparison groups
on standardized measures of word recognition, the primary, but not
exclusive, focus of the intervention, but statistical tests on other
reading and spelling measures, as well as measures of other educa-
tional outcomes, did not meet the critical level of alpha.

As discussed earlier, a recent review of reading intervention
studies (Suggate, 2010) that focused on effect sizes revealed that in
a database of 85 experimental or quasi-experimental studies, only
21 studies had a long-term follow-up, nine of which were charac-
terized as “phonics” studies (including the original study on which
this follow-up is based; Blachman et al., 2004). The mean length
of the follow-up across all 21 studies was 15 months (SD � 14.34).

Table 3
Long-Term Follow-Up Means and Adjusted Means for Treatment and Comparison Participants in the Long-Term Follow-Up

Measure

Treatmenta Comparisona

M SD Mb M SD Mb Fc p dd

PPVT-IV 94.76 13.75 93.52 89.28 10.91 90.92 1.58 .213 0.21
WRMT Basic Skills Cluster 89.24 9.50 89.56 85.24 8.44 84.82 5.15 .027 0.53
WRMT Word Identification 81.21 13.69 81.77 74.44 12.34 73.70 5.73 .020 0.62
WRMT Word Attack 90.33 11.87 89.80 87.44 11.08 88.15 0.38 .542 0.14
WRMT Passage Comprehension 90.39 11.38 90.47 89.76 13.70 89.66 0.06 .801 0.06
GRADE Comprehension 84.58 16.56 84.71 82.68 16.60 82.51 0.28 .601 0.13
TOWRE Sight Word Efficiency 82.67 9.44 82.43 80.36 9.57 80.68 0.57 .453 0.18
TOWRE Phonemic Decoding 82.15 11.04 81.85 78.68 10.87 79.08 1.12 .295 0.25
WRAT Spelling 87.39 8.26 87.07 84.08 10.03 84.50 1.50 .226 0.28
WJ-R Applied Problems 90.55 8.13 90.03 89.68 11.47 90.37 0.02 .879 �0.04
WAIS Matrix Reasoning 9.45 2.28 9.46 9.92 2.16 9.92 0.68 .413 �0.21
Grade retentions 0.28 0.46 0.48 0.59 2.07 .156 �0.39

Note. PPVT-IV � Peabody Picture Vocabulary Test–fourth edition; WRMT � Woodcock Reading Mastery Tests; GRADE � Group Reading
Assessment and Diagnostic Evaluation; TOWRE � Test of Word Reading Efficiency; WRAT � Wide Range Achievement Test; WJ-R � Woodcock-
Johnson Psycho-Educational Battery—Revised; WAIS � Wechsler Adult Intelligence Scale.
a treatment group n � 33; comparison group n � 25. b Means adjusted by pretest. c F ratios with one degree of freedom in the numerator and 55 degrees
of freedom in the denominator, with the exception of grade retention, which has one degree of freedom in the numerator and 56 degrees of freedom in the
denominator. d Cohen’s (1988) measure of effect size using the adjusted means in the numerator and the observed pooled standard deviation in the
denominator.
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The mean weighted effect size calculated from the nine phonics
studies was .32. The mean effect size for reading and spelling
measures in our long-term follow-up (d � 0.24) compares favor-
ably with the mean effect size of follow-up studies that were much
shorter in duration. Our mean effect size also compares favorably
with the mean effect size (d � 0.25) based on data collected from
three reading subtests of the Woodcock at the end of Grade 2 after
3 years of participation in the Success For All school reform effort
(Borman et al., 2007). The take away message, however, is that the
field is clearly lacking the long-term follow-up studies needed to
understand how and whether early reading interventions influence
long-term school performance and outcomes after high school.

What might be required to enhance the long-term outcomes of an
early reading intervention like the one in the original study, especially
given the school factors that work against maintaining gains (e.g.,
evidence that public school remedial and special education programs
do little more than maintain the students’ degree of reading failure;
Torgesen, 2005). Ideally, one would want to build on the initial large
effects seen immediately posttreatment on word recognition, reading
rate, spelling, and passage reading (with respective effect sizes of
1.69, .96, 1.13, and .78) by providing the kind of extended instruction
that would facilitate an accelerated growth rate over time, especially
in fluency (automaticity) and comprehension. To close the achieve-
ment gap between struggling readers and typical readers, more ex-
tensive efforts are clearly required.

In the original study and 1-year follow-up, Blachman et al.
(2004) reported that, although students largely maintained their
significant posttreatment gains at the 1-year follow-up, the signif-
icant differences in rates of growth that favored the treatment
group during the treatment year were no longer evident during the
follow-up year. As we explained at the time:

During the follow-up year, however, when children in both groups
received only the standard services traditionally available in schools,
rates of growth between the two groups no longer differed. Because
school-based treatments (either from Chapter 1 or resource teachers)
have been shown to be relatively ineffective (Kennedy et al., 1986;
Moody et al., 2000; Puma et al., 1997; Snow et al., 1998), it is not
completely surprising that the rate of growth of our children slowed
when they returned to standard instruction. The challenge in translat-
ing research to practice is to alter standard instruction so that an
accelerated growth trajectory is the norm, rather than the exception,
for low-achieving children. (Blachman et al., 2004, p. 458)

Thus, 1 year of reading intervention in second or third grade did
not appear to be adequate to strongly accelerate growth in subse-
quent years. In a recent series of adolescent reading interventions
summarized in Vaughn and Fletcher (2012), 1 year of intervention
produced small effects that largely were not statistically significant

in a much larger sample. However, continuing the intervention
with adolescents who had not responded adequately for 2–3 years
led to moderate effect size advantages after the second year and a
large effect on reading comprehension after 3 years, the latter
partly because the standard scores for the comparison group de-
clined from Grades 6 to 8.

A number of factors might have influenced the drop off in
acceleration in the Blachman et al. (2004) study. It is possible that
some of the treatment children did not end the treatment at a level
of proficiency in decoding skills that would fully engage the
self-teaching mechanism described by Share’s (1995) theoretical
model in which correct decoding of new words facilitates retaining
those words in memory and contributes to the acquisition of sight
words (Ehri, 2005) and memory for spellings (Cunningham et al.,
2002). This might have been especially true for treatment children
who began the study with lower initial skills at screening. Al-
though in the original study there were no reliable differences in
gain scores during the treatment year between treatment children
who began the study with lower initial skills and those who began
with higher initial skills, lower skilled children were less likely to
complete the program. Initial reading skills and level of program
reached by the children at the end of the treatment year were both
significantly related to end-of-year reading and spelling scores,
prompting us to speculate that a “longer or more intense program
may be especially important for the lowest achieving children”
(Blachman et al., 2004, p. 458). Also, as noted in Blachman et al.,
students differed significantly on the one measure of comprehen-
sion administered at the end of the treatment year (d � 0.55), but
this difference was not statistically significant 1 year later (d �
0.24). Evidence suggests that explicit instruction can improve not
only word reading and spelling but also comprehension (Rand
Reading Study Group, 2002), and, as we reported, this was the area
in which our program was the least explicit and systematic. It
remains to be seen whether remediation research similar to the
Blachman et al. study, but with attention to some of the variables
noted above (e.g., a longer, multiyear intervention), would produce
larger effect sizes in an extended follow-up study like the one
described in this article.

An important limitation to this study is the small sample size.
The original sample (N � 69) was limited partly because of
financial constraints imposed by the cost of the neuroimaging
component of the research (see B. A. Shaywitz et al., 2004, for
details). Although 84% of the original subjects participated in the
long-term follow-up, the sample size was far from ideal. We also
had to rely on self-report data regarding special education services.
As noted earlier, our original intent was to get this information
from the schools. However, because this information was not
typically included on transcripts, school personnel would have had
to access archived data, and most were unwilling to do so. Finally,
there were significant differences in those who participated in the
long-term follow-up and those who did not participate in terms of
mother’s educational level and gender. It is unclear how or
whether the outcomes would have been affected if these differ-
ences did not exist. Given the lack of long-term follow-up studies
in the reading intervention literature, we believe that this study,
despite its limitations, provides an important contribution in eval-
uating the long-term benefits of reading remediation in the primary
grades.

Table 4
Percent of Participants Who Received Special Education
Services, Completed High School, and Are Attending a
Postsecondary Institution

Variable
Treatment
(n � 33)

Comparison
(n � 25)

Special education services 42 60
High school completion 85 68
Postsecondary education 70 52
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The results from this long-term follow-up provide further sup-
port for the hypothesis that reading intervention (especially when
provided to remedial students, as opposed to younger at-risk stu-
dents in kindergarten and first grade) is more appropriately viewed
as analogous to insulin therapy, rather than as an inoculation
against further reading failure (see Coyne, Kame’enui, Simmons,
& Harn, 2004, for a discussion of this debate). That is, students in
need of explicit and systematic instruction in the early stages of
reading acquisition are likely to require ongoing evidence-based
support to acquire more complex skills. The challenge posed by
Blachman et al. (2004) almost a decade ago to alter standard
instruction so that an accelerated growth trajectory is the norm
remains a challenge for the field today.
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