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Abstract

Data from two different sites were used to examine how exposure to a highly academic curriculum is
related to growth in beginning literacy and early reading skills from kindergarten through the end of third grade. In
one site students in one school used the Direct Instruction (DI) program, Reading Mastery (RM) , from kindergarten
through grade 3, while students in a nearby school with similar demographic characteristics and entry skills had
Open Court. In the other site, comparisons were made between one cohort that had a whole language kindergarten
experience and began the RM program in first grade with two other cohorts who had RM throughout their K-3
career. In both sites, students exposed to RM had significantly greater growth in Nonsense Word Fluency scores
from mid-kindergarten through the end of first grade. In addition, in both sites Oral Reading Fluency scores at the
middle of first grade exhibited strong differences in favor of the RM students. For students in the Pacific Northwest
site these differences persisted with very little change through the end of third grade. However, for those in the
Midwestern site, where all cohorts had RM in grades 1-3, the differences gradually declined, although differences
remained in favor of the RM group at the end of third grade.
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Introduction

A large body of literature has documented the relationship of early reading achievement to later
academic accomplishments and economic and social well-being. Students who are poor readers in first
grade have substantially higher probabilities of later academic, economic, and social problems than
students who achieve at grade level at that time (e.g. Francis, Stuebing, Shaywitz, Shaywitz, & Fletcher
1996; Juel, 1988; Lipson & Wixson, 1997; Snider & Tarver, 1987; Wharton-McDonald, Pressley, &
Hampston, 1998). These consistent and strong research findings have prompted extensive policy attention
to promoting first grade reading achievement. One central concept in the literature is “readiness to learn,”
the notion that all children should enter elementary school with the skills that prepare them to learn
primary level academic content.

In the United States, kindergarten, literally translated as “children’s garden,” has traditionally
been seen as the form of education that helps students transition from home to formal schooling and
prepares them for the first grade academic experience. Kindergarten is now part of the public school
system and universally available to all students in most jurisdictions in the United States. Yet a great deal
of variability remains with regard to learning goals and curriculum. While definitions of what children
should learn in the later grades of elementary schools are relatively standardized (even if the mode of
teaching is not), definitions of what children should learn in kindergarten can vary from one jurisdiction
to another and even from one school and one teacher within a school to another. A major component of
this variation is the extent to which academic learning is emphasized within the curriculum, reflecting a
division between those who emphasize minimal academic expectations with a “child-centered” approach
and those who emphasize direct teaching of academic skills and content with a “teacher-directed”
approach.

In the sections below we first examine literature regarding the importance of a teacher-directed
approach to promote early academic preparation and progress in reading and then examine research on
Direct Instruction (DI), a long-established teacher-directed approach and the focus of our study.
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The Importance of Early Academic Preparation and Progress

The long-term impact of early academic learning has been captured with discussions of the
“Matthew effect,” using the Biblical quotation that the “rich get richer and the poor get poorer” to
describe the long-term and cumulative effects of good or poor reading skills on later academic success. A
large body of empirical evidence demonstrates that early reading ability has lasting impacts on students’
academic careers. Those who are able to read fluently in first grade have much more success throughout
their school careers. Early reading fluency results in exposure to much greater volume of material, and
thus also produces a strikingly greater accumulation of vocabulary, language skills and bodies of
know ledge (Cunningham & Stanovich, 1997, 1998; Francis, et al, 1998; Gough & Juel, 1991; Juel, 1988;
Stanovich, 1986).

The importance of a teacher-directed approach in promoting success in early schooling has been
supported by a relatively large body of literature and summarized by the National Reading Panel’s report
on reading instruction. The report identified five areas of reading instruction that should be part of
children’s primary grade instruction: phonemic awareness, phonics, fluency, vocabulary, and text
comprehension. The panel, accompanying meta-analyses of the research literature, and numerous
individual studies have demonstrated that phonemic awareness and phonics-oriented pre-literacy and
early literacy instruction play a crucial role in enhancing early reading achievement (National Institute of
Child Health and Human Development, 2000; Ehri, Nunes, Stahl, & Willows, 2001; see also Ball &
Blachman, 1991; Blachman, Tangel, Ball, Black, & McGraw, 1999; Cavanaugh, Kim, Wanzek, &
Vaughn, 2004; Foorman, Fletcher, Francis, Schatschneider, & Mehta, 1998; Kamps et al, 2007, 2008;
Simmons, et al, 2007; Stuart 1999,Vandervelden and Siegel 1997).

The areas identified by the National Reading Panel’s report parallel theoretical models regarding
the development of reading skills (e.g., Chall, 1983; Ehri, 2005; Ehri & McCormick, 1998; Simmons &
Kame’enui 1998). These models describe how the foundational skill of phonological awareness, or being
able to hear and manipulate sound structures, precedes the development of alphabetic understanding, or
the understanding of the relation of print to speech. This, in turn, precedes phonological recoding of letter
strings to sounds, which precedes the eventual reading of words and then connected text. The various
models see these skills as overlapping, but ranging along a continuum, with the end goal of attaining
fluency in reading by the end of the primary grades. Notably, this time point (grade 3) is also when the
first high-stakes assessment is administered in U.S. schools and corresponds to the national goal,
established within the No Child Left Behind Act, that all children will read by the end of grade 3 (Good,
Simmons, & Kame’enui 2001).

As described by Fuchs and colleagues (Fuchs, Fuchs, Hosp, & Jenkins, 2001), oral reading
fluency “is the oral translation of text with speed and accuracy” and “represents a complicated, multt
faceted performance” and a “complex orchestration,” (pp. 239-40) where students can read text in a fluid,
automatic and seemingly effortless manner, thus allowing their intellectual efforts to be more directed
toward comprehension than decoding. Extensive research has demonstrated that greater oral reading
fluency is strongly related to better reading comprehension (Fuchs, et al, 2001; see also Baker, et al
2008).

Because the process of developing reading fluency is developmental, occurring throughout the
early school years, researchers have developed increasingly sophisticated methods of measuring this
development through indicators of children’s growth in skills. This work builds on the curriculum-based
measurement methodology (CBM) of Deno Deno, Mirkin, and Chiang (1982). The CBM methodology
originally focused on oral reading fluency, but has now expanded to include measures of skills in the
earlier stages of the developmental reading process, such as recognizing letter names and sounds. Two of
the most commonly used systems are the Dynamic Indicators of Basic Early Literacy Skills (DIBELS,
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2008; Good, Simmons, & Smith, 1998; Kaminski &Good, 1996) and AIMSweb (AIMSweb 2009; Fuchs
& Fuchs, 1986). Both systems incorporate assessments of various elements of reading development
including children’s ability to recognize letters and link sounds and letters. The most important aspect of
all of these systems is regular, systematic, efficient assessment of children’s skills, with repeated short
testing sessions during the school year, and comparison of these assessments to established benchmarks
that indicate if children are making the progress needed to achieve the goal of reading fluently by the end
of grade 3 (Good, Simmons, & Kame’enui, 2001). A number of school systems have adopted these
measures as ways to monitor children’s progress and better assess when additional help is needed.

To summarize, research has identified the skills that children need to acquire to learn to read
fluently by the end of third grade. Research indicates that the development of strong reading ability builds
on foundational early literacy skills. Assessment tools are available to monitor the development of these
early skills as well as gains in reading fluency. Our research uses these assessment tools to examine the
efficacy of one curricular program, Reading Mastery (RM), in promoting growth in these early skills and
the development of reading fluency.

Early Education and the Direct Instruction Model

Four decades before the report of the National Reading Panel was issued and two decades before
the development of curriculum-based measurement, the DI model, which is the focus of our study, was
developed. The original model was based on work with preschoolers in an “at-risk” population
(Engelmann, 2007). Since that time the model has expanded to include a wide variety of curricular
programs appropriate for multiple ages and grade levels and different subject areas. Yet, full
implementation of the program calls for extensive academic work in kindergarten, or the preschool years,
seeing this early period as key to a solid start in school and, especially, for catching atrisk children up to
their more advantaged peers. It also involves continual assessment of children’s skills with adjustment of
instruction to promote the highest achievement possible. Thus, the original design of the DI programs
embodied the recommendations of the National Reading Panel regarding the crucial elements of reading
instruction as well as the underlying notions of curriculum based assessment.

All of the DI programs seek efficiency and effectiveness of instruction through program design,
organization of instruction, and positive student-teacher interaction. The DI approach attempts to control
all the major variables that impact student learning through the placement and grouping of students into
instructional groups, the rate and type of examples presented by the teacher, the wording that teachers use
to teach specific concepts and skills, the frequency and type of review of material introduced, the
assessment of students’ mastery of material covered and the responses by teachers to student’s attempts to
learn the material.

DI programs are constructed according to a small step design that teaches isolated skills and
concepts in separate tracks that are systematically integrated with skills and concepts in other tracks in
increasingly sophisticated applications. For this reason, lessons do not focus on a single skill or topic.
Instead, only about 10% of a lesson’s contents are new. The rest of the lesson is devoted to reviewing and
applying skills and concepts that were introduced in previous lessons. Placement in the program is a
critical factor in the program’s success. A major goal of DI is to build students’ confidence in their ability
to learn while they master key skills and concepts. As Gersten, Darch, and Gleason (1988) note, “perhaps
the central image that guided the conceptualization of Direct Instruction kindergarten was the image of
students learning new concepts and skills each day, but in such a way that they experienced unremitting
success” (p. 229). Placement at the point in the program in which students have already mastered material
previously covered allows them to experience such success.
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A large body of research has documented the efficacy of the general body of DI programs (e.g.,
Adams & Engelmann, 1996; Borman, Hewes, Overman, & Brown, 2003 ; Crowe, Connor, & Petscher,
2009), and several studies have specifically examined achievement growth of students who began
receiving DI programs in kindergarten. For instance, Kamps et al. (2003) followed students from
kindergarten through second grade, comparing growth in reading skills, using the DIBELS measures, of
students receiving DI’s RM with those in two other programs. While they found that students’ skills grew
over time with all three programs, growth was greatest for students exposed to RM .

Carlson and Francis (2002) also looked at changing achievement from kindergarten through
second grade, comparing changes in scores on standardized achievement tests of students exposed to
Reading Mastery and those exposed to comparison curriculum. They found that the students exposed to
RM beginning in kindergarten had higher achievement scores than students in the comparison curriculum
at both the end of first grade and the end of second grade. Through statistical analyses they determined
that the pace of growth in first grade was significantly stronger for those in RM than in the comparison
curriculum. However, during the second grade year the changes in achievement were similar for the two
groups. Thus, the achievement advantage of the RM students reflected their greater achievement gains in
kindergarten and first grade.

Comparable results have been reported for growth from kindergarten through the end of first
grade for samples of at-risk students. Two studies (Gunn, Biglan, Smolkowski, & Ary, 2000; Kamps, et
al, 2008;) used DIBELS measures to examine growth in reading achievement, and both found that
students exposed to DI had significantly greater growth than those using other curricula. Similar results
were found with analyses of scores on standardized achievement tests. Although the intervention in the
study reported by Gunn et al only lasted for 2 years, follow-up analyses one year after the end of
intervention indicated that the significant differences in achievement persisted both one and two years
after instruction ceased (Gunn, Smolkowski, Biglan, & Black, 2002; Gunn, Smolkowski, Biglan, Black,
& Blair, 2005).

We were able to find only one other study of the impact of DI that followed children from
kindergarten through third grade. Gersten, Darch, and Gleason (1988) examined data from one
community involved in Project Follow Through, a large educational experiment conducted in 20
communities throughout the country from 1969 to 1977 (Becker et al, 1981; Stebbins, Et. Pierre, Proper,
Anderson, & Cerva, 1977). They compared the achievement of students in two different cohorts — one
that began DI in kindergarten and another that began DI in first grade — to demographically similar
students in the same district who had the district’s traditional curriculum. The authors found that students
who started school in first grade and received three years of instruction with DI significantly
outperformed comparison students who received the district’s program in mathematics and language, but
not in reading comprehension or vocabulary, on the Metropolitan Achievement Test (MAT). In contrast,
children who started DI in kindergarten significantly outperformed the comparison group when they
reached third grade in reading comprehension as well as mathematics and language. The cohort that
received DI in kindergarten scored near the national median in all measures in third grade, while those
who received DI only in first through third grades had significantly lower scores. Paralleling the results of
Gunn et al (2002, 2005), they found that the advantages accruing to the students in the DI kindergartens
persisted after the program ended, with significant differences in reading achievement appearing through
a final available data period at ninth grade.

To summarize, comparisons of growth in reading skills of students who have had kindergarten
instruction with the DI model with those with other curricula indicate that students receiving DI have
greater rates of growth and higher achievement. However, we found only one study that examined growth
of students receiving instruction through the end of the primary grades (K-3), and this study involved
analysis of data collected more than 30 years ago. Over the ensuing decades, while retaining many of its
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original characteristics, the DI programs have been expanded and modified, and it is important to
determine to what extent the earlier findings (both of the superiority of receiving DI in kindergarten and
the extent to which beginning DI in first grade fails to compensate for this experience) can be replicated.
In addition, the earlier studies provide somewhat conflicting evidence on the manner in which the
advantages accrue to students in the DI programs. Are the advantages primarily due to acceleration of DI
students in the earliest grades, as found by Carlson and Francis (2002)? Or do the different trajectories of
growth continue over time, leading to widening gaps, as found by Gersten and associates (1988)?

The current study addresses these issues by examining gains in beginning literacy skills and oral
reading fluency from kindergarten through third grade for students who received kindergarten instruction
in RM, a highly structured DI academic program, and those who experienced less structured programs.
Our analysis focuses on several interrelated questions: Do children exposed to RM have greater gains in
beginning literacy skills and reading fluency than children in other programs? When do these differential
gains occur and how long do the effects last? Can receiving a strong academic program in the primary
grades (1-3) reduce the differential rates of achievement?

METHOD
Participants and Setting

Our first data set was from a K-12 district in the Pacific Northwest that is on the outskirts of a
medium-sized city. The district has five elementary schools and 5700 students in K-12, two of which
participated in the study. One adopted the DI program, RM, as the core reading curriculum for the primary
grades including kindergarten as well as for students identified for special education. The other school
used Open Court, a curriculum that has received high ratings from the Florida Center for Reading
Research (FCRRC, 2004). The school also occasionally used DI programs for students that teachers felt
would benefit from the instruction. Teachers in the control school were provided support in implementing
Open Courtthrough a dedicated curriculum specialist as well as district resources, such as school
psychologists and special education teachers. However, they did not have systematic technical support or
guidance in their implementation of DI programs, and their use of these materials was best termed as
incidental and occasional. We were not able to ascertain which students in the comparison school
received extra help with DI, so this could not be included in our analysis. However, inclusion of students
who might have received DI in the comparison group would diminish the probability of having significant
results in favor of RM, thus providing a conservative test of its impact.

Data were available for 168 students who were enrolled in their respective schools from
kindergarten through third grade. Only students who were in the sample for the entire time range were
used in the analyses. Almost ninety percent of the students were non-Hispanic whites (89%), slightly less
than a third (29%) were eligible for free or reduced lunch, and one-fifth 20% were classified as eligible
for special education. There were no significant differences between the students in the two schools in
these variables.

The second group of participants was drawn from a small, rural Midwestern district. It serves
students through grade twelve and has four elementary schools. Unlike the Pacific Northwest district, this
system adopted DI district-wide. In 2004 they began implementing RM in all of the elementary schools.
Before that time, they used a whole language approach and a variety of reading and language programs.
We analyzed data from three cohorts: one that began kindergarten in 2003 (n = 104), and thus had the
traditional kindergarten curriculum, and cohorts that began kindergarten in 2004 (n = 100) and 2005
(n=114), who were taught using RM beginning in the kindergarten year. Data were available through the
end of third grade for the first two cohorts and through the end of second grade for all three cohorts. As
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with the Pacific Northwest site, only students who were in the sample for the entire time range were used
in the analyses.

The Midwestern district had relatively more students who would be deemed “at risk” than the
Pacific Northwest site, based on socio-demographic characteristics. Approximately one-third of the
students (32.8%) were racialethnic minorities, primarily Hispanic, and half (50.6%) qualified for free or
reduced lunch. However, less than one-tenth (7.8%) of the students were classified as eligible for special
education, substantially fewer than in the Pacific Northwest district. There were no significant differences
between the three cohorts in these characteristics.

Intervention Curriculum

Both sites used the DI program, RM, with technical support in the form of on-going training and
in-class observations and coaching provided by the National Institute for Direct Instruction (NIFDI). The
kindergarten RM program first concentrates on oral language skills to ensure that students are familiar
with basic directions and to develop students’ background knowledge. Students then receive instruction
in the reading curriculum, which initially focuses on pre-reading skills (phonemic awareness and
phonics). Students start to read words within 30 lessons of reading instruction. The RM program
introduces the sounds letters make rather than the letters themselves since decoding does not depend on
knowing the names of letters (Engelmann, 2004). Students are taught to blend together the sounds when
initially decoding words, and later to read whole words “the fast way.” The program concentrates on
accuracy of decoding before fluency. Orthographic modifications used to introduce the sounds are
gradually removed in the second level of the program.

Measures

Both districts administered the Dynamic Indicators of Basic Early Literacy Skills (DIBELS) to all
students in kindergarten and the primary grades at the times specified by the DIBELS guidelines
(DIBELS, 2008). We used two measures within the DIBELS system obtained at the beginning of
kindergarten as indicators of children’s initial skill levels: Letter Naming Fluency (LNF), which assesses
children’s ability to correctly identify letters of the alphabet and Initial Sounds Fluency (ISF), which
assesses children’s skills at identifying and producing the beginning sounds of a word. Two other
measures were used as indicators of children’s reading development: Nonsense Word Fluency (NWF),
which measures the ability to read phonetic nonsense words, which was assessed from the middle of
kindergarten through the end of first grade (five testing periods); and Oral Reading Fluency (ORF), which
measures the rate at which children can correctly read connected text in grade-level materials and was
assessed from the middle of first grade through the end of third grade (eight testing periods).

Because the connected text used for the measure of oral reading fluency is taken from grade-level
material, comparisons of ORF scores from one year to the next may not provide the most optimal picture
of changes in skills over time. In other words, an ORF reading score for grade 1 is not directly
comparable to one for grade 3 because the two tests use different reading material. To compensate, we
transformed the ORF scores into Lexiles, a developmental scale of reading that ranges from less than zero
for those who are just beginning to read to above 1700L for advanced readers. Thus, it adjusts for the
different content used in the ORF at each grade level. The equations used for the conversions were
developed from an extensive study involving over 2000 children in grades K-3 and several dozen reading
passages (MetaMetrics 2009).
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Analyses

To ensure that students within the groups were equivalent, we began our analyses by comparing
their LNF and ISF scores at the first testing in the kindergarten year. We also compared the socio-
demographic characteristics of the groups and, for the Pacific Northwest site, the achievement scores on
statewide assessments for years before the study began. T-tests and effect sizes (Cohen’s d) were used to
compare the scores of the two groups.

We then examined changes in reading over time using linear growth modeling (Raudenbush &
Bryk, 2002; Singer, 1998). We first looked at growth in nonsense word fluency from mid-K through the
end of first grade using time (both the linear and quadratic effect), initial LNF and ISF scores, group, and
the interaction of time and kindergarten experience as predictors. For the Pacific Northwest site, a dummy
variable for group distinguished students in the RM school from students in the other school. For the
Midwestern site, we used dummy variables to distinguish students in the three cohorts, allowing us to
control for the possibility that teachers’ greater experience with RM (for cohort 3) could be related to
achievement differences.

In our analyses of growth in NWF seven models, each incrementally more complex than the
previous one, were examined: 1) an intercept only model to provide a baseline indication of variation in
NWEF over the five time points, 2) a model that added the linear effect of time, 3) a model that added the
quadratic effect of time, 4) a model that added LNF and ISF scores at the beginning of kindergarten, 5) a
model that added dummy variable for group, 6) a model that added the interaction of group and the linear
influence of time, and 7) a model that added the interaction of group and the quadratic influence of time.

To examine changes in ORF from mid-first grade through the primary years we also used linear
growth modeling, employing models identical to those used in the examination of NWF. The Lexile
scores were regressed on time (both linear and quadratic); LNF and ISF scores at the beginning of
kindergarten; group, again using dummy variables; and the interactions of time and group.

As a way of illustrating the results, we graphed the growth in average NWF and ORF Lexile
scores for each group. In addition, we computed effect sizes comparing the scores of students in the two
groups within each site at both the beginning and end points of the series. For these calculations we used
the standard formula for Cohen’s d (difference of means divided by the common standard deviation).
Finally, we used the descriptive data to estimate the cumulated differences in reading volume experienced
by children within the different groups. This was calculated by simple estimates of words read over the
course of a school year for students with average mid-year ORF scores at each grade level in each group.

To summarize, we examined our major question, do children exposed to the DI program, RM,
have greater gains in beginning literacy skills and reading fluency than children in other programs, with
linear growth models, graphs of the results, and calculations of effect sizes and volume of reading
experience. Examination of these models and results allows us to see when these differential gains occur,
if differences remain through the end of the primary grades, and whether beginning RM in the primary
grades (1-3), as occurred in the Midwestern site, can compensate for differentials that may appear in the
kindergarten years and early first grade. Thus, across the two sites we compare three different curricular
experiences: 1) having RM as the core reading curriculum from kindergarten through third grade (a school
in the Pacific Northwest site and cohorts 2 and 3 in the Midwest site), 2) having Opern Court as the core
reading curriculum from kindergarten through third grade (a school in the Pacific Northwest site), and 3)
having a whole language program in kindergarten but RM in grades 1-3 (cohort 1 in the Midwest site).
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RESULTS
Initial Differences between Groups

Tables 1 and 2 provide comparative information for students and schools in each group and at
each site. DIBELS scores at the beginning of the kindergarten year are in the first panel of each table.
Preliminary analysis indicated that there were minimal differences in the patterns of results for cohorts 2
and 3 in the Midwestern site. In other words, the statistical and substantive conclusions presented here are
virtually identical to those that appear when data for cohorts 2 and 3 are distinguished. Thus, to simplify
our presentation of the data we collapsed data for these two cohorts for our final analyses, using one
dummy variable to distinguish those who received RM in kindergarten from those who did not. Results
with the three cohorts separated (that is, with two dummy variables for group rather than one) are
available upon request from the authors.

As would be expected given their different socio-demographic characteristics, students in the
Pacific Northwest site (Table 1) had markedly higher LNF and ISF scores than those in the Midwestern
site. Within each site there were only small differences in scores between the groups of students and none
were statistically significant. Three of the differences favor the groups that did not have RM, while one
(ISF in the Pacific Northwest site), favors the RM group. Thus, at baseline, there was little indication of
differences in initial skills between the students who were in the more academically oriented
kindergartens and exposed to RM in kindergarten and the other students. It should be remembered,
however, that, to provide additional rigor to our results, we included these scores as control variables in
the multivariate analyses.

Table 1. Comparison of Control School and DI School, Pacific Northwest Site

A. Skills at Beginning of Kindergarten

Control DI

M (s.d.) M (s.d) t prob.  Cohen's d
Letter Naming Fluency 17.8 (13.0)  16.1 (13.5) .84 40 A3
Initial Sound Fluency 149 (10.0) 174 (12.5) -1.47 14 -22

B. Socio-Demographic Characteristics
Control DI
% % t prob. d

Non-Hispanic White 87 90 -70 A48 -11
Special Education 19 20 -23 .82 -.04
Free and Reduced lunch 27 31 -.55 58 -.09

C. Percentage of 3rd to 5th Graders Meeting or Exceeding State Reading Benchmarks

Control DI
% % t prob. d
1998 - 1999 77 66 -2.62 0.01 -0.24
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1999 - 2000 80 70 -2.49 0.01 -0.23
2000 - 2001 77 71 -1.48 0.14 -0.14
2001 - 2002 86 69 -4.36 <.0001 -0.40

Note: Instruction in DI began in the 2002-03 school year. All probability values are for
two-tail tests. There were 85 students in the control school and 84 students in the DI
school. Approximately 70 students were in each grade for the state-wide testing, with
over 95 percent of all students participating in the testing in each year.

Table 2 Comparison of Cohorts, Midwestern Site

A. Skills at Beginning of Kindergarten
Cohort 1 Cohorts 2 & 3

M (s.d.) M (s.d.) t prob.  Cohen's d
Letter Naming Fluency 11.9 (12.9) 11.0 (12.2) 63 53 0.07
Initial Sound Fluency 9.0 (8.2) 8.4 (7.5) 73 46 0.08

B. Socio-Demographic Characteristics

Cohort 1 Cohorts 2 & 3

% % t prob. d
Non-Hispanic White 72 64 1.47 .14 A7
Special Education 11 7 1.02 31 13
Free and Reduced Lunch 42 50 -1.29 20 -.15

Note: All probability values are for two-tail tests. There were 104 students in Cohort 1, which
did not have Reading Mastery in kindergarten, and 214 students in cohorts 2 and 3, which did
have Reading Mastery in kindergarten.

Tables 1 and 2 also include details on the socio-demographic characteristics of the students. As
noted above, that there were no significant differences in these characteristics between the groups at either
site. Finally, Table 1 includes information from the Pacific Northwest site on the percentage of upper
elementary students (grades three to five) who met or exceeded state reading benchmarks in the four years
immediately preceding the beginning of the study. This was the only school wide information available
for that period, but allows us to examine the possibility that there were pre-existing differences in school
level achievement patterns. Differences were statistically significant in three of the four years, but favor
the control school. In other words, the historical data pattern indicates that by the upper primary grades
the students in the school that implemented RM had significantly fewer students meeting or exceeding the
state reading benchmarks. Such a difference would be considered conservative in nature, making it even
less likely that results in our analysis would favor the RM group.

10
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Growth in Nonsense Word Fluency

Table 3 summarizes the analyses of growth in nonsense word fluency from mid kindergarten
through the end of first grade. The -2 Log-Likelihood Ratio statistics, which have a chi-square
distribution, were used to determine the models that best fit the data. (Details on model fit statistics are
available from the authors on request.) For the Midwestern site, the most complex model (Model 7),
which included time, the quadratic term for time, initial skills, group, and the interactions of group and
both the linear and quadratic effect of time, provided the best fit. For the Pacific Northwest site, however,
this model was not significantly better than Model 6, which omitted the interaction of group and the
quadratic term for time. In other words, for both data sets, the best fitting models were those that
indicated that the changes over time in NWF varied between students who had RM and those who did not,
but the precise nature of these differences in growth varied between the two sites.

Table 3 Growth Curve Analysis of Nonsense Word Fluency from Mid-Kindergarten Through
the End of First Grade by Site

Fixed Effects
Pacific Northwest Site Midwestern Site
b s.e. prob. b s.e. prob.
Intercept 13.8 2.3 <0001 18.3 1.9 <0001
Time -0.2 1.6 0.90 9.0 2.0 <.0001
Time squared 3.5 0.3 <.0001 0.1 0.4 0.89
LNF - Start of K 0.8 0.1 <.0001 0.6 0.1 <.0001
ISF - Start of K 0.2 0.1 0.04 0.2 0.1 0.07
Group (RM in Kindergarten) =~ --—-- = —-eee e 7.1 2.0 0.0005
Group (RM School) -3.8 2.1 008 - -
Time * Group 2.9 1.3 0.03 -3.4 2.4 0.16
Time Squared * Group == = o 1.8 0.5 0.0008
Random Effects
var. s.e. prob. var. s.e. prob.
Var between persons (11) 394 22.5 0.04 25.3 18.1 0.08
Var within persons (12) 19.1 9.9 0.053 37.0 7.0 <.0001
Var in growth rates (22) 46.3 7.9 <.0001 31.2 5.0 <.0001
Residual 2422 154 <.0001 294.3 13.5 <.0001

Note: t values for coefficients may be calculated by dividing the coefficients by the standard
errors (s.e.). Probabilities for the fixed effects adjusted for different degrees of freedom for the
time-varying variables and the time-invariant variables.

Results for the Pacific Northwest site are given in the left-hand columns of Table 3, and those for
the Midwestern site are in the right-hand columns. Random effects coefficients for each model are in the
bottom rows of Table 3. These coefficients are significantly greater than zero for the residual term, for the
variance in growth rates, and for the within-person variance. For the variance between persons, the term is

11
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marginally insignificant for the Midwestern site (p =.08), but significant for the Pacific Northwest site
(p=04). These results indicate that the variables in our model were not sufficient to account for all of the
variance in students’ scores and changes in these scores over time.

The top rows of Table 3 give the fixed effect coefficients for the best fitting models for each site.
To facilitate interpretation of the coefficients, time was coded with 0 as the score for the first observation
(mid-kindergarten). Thus, the intercept term indicates the expected value of NWF at that time, and the
values for time and time squared indicate the expected changes in score from one testing period to the
next. The positive coefficients associated with the LNF and ISF scores (measured at the start of
kindergarten) indicate that students with higher initial skills had higher expected NWF scores. As
hypothesized, the interaction of group and time was statistically significant for both sites, with students
who had RM throughout their academic career having significantly higher rates of growth in NWF over
time than other students. However, as noted above, the exact pattern of these differences varied between
the two sites.

With the Pacific Northwest sample, all students had an accelerated pattern of growth in NWF
over time, as indicated by the positive coefficient associated with the quadratic term for time. However,
the linear effect of time differed significantly between the two groups, with a value near zero (-0.2) for
students who did not have RM, to a value close to three words per testing period (+2.7 = -0.2 + 2.9) for
those exposed to RM. The result was a widening gap in the NWF scores of students in the two groups.
This is shown in Figure 1, which graphs the mean values of NWF at each time point for students in each
group. Students in the RM school had lower scores than those in the other school at the initial testing, but
this pattern reversed by the end of first grade. The differences are also illustrated by simple calculations of
Cohen’s d (the difference of means divided by the common standard deviation). At the first testing period,
in the middle of kindergarten, d = -.21 (=(25.7-29.5)/18.3), reflecting the higher scores of students in the
control school By the last testing period at the end of first grade, d = .24 (=(95.1-85.6)/39.8), indicating
an educationally important advantage for the RM students and illustrating their more rapid gains.
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Figure 1. Growth in Nonsense Word Fluency, Mid-Kindergarten to Spring of First Grade, by Group,
Pacific Northwest Site.

With the Midwestern sample, the main effect of having RM in kindergarten was significant,
indicating that these students already had higher expected NWF scores by the first testing point (even
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though they had started school with equivalent scores on LNF and ISF). The interaction of RM in
kindergarten and the linear effect of time was negative, but insignificant, while the interaction of having
RM in kindergarten and the quadratic effect of time was positive and highly significant (p = .0008). The
net result was the same as in the Pacific Northwest site, with stronger growth over time in NWF for
students who had RM throughout their academic careers. However, the quadratic effect indicates that this
was more apparent at the later time points. Figure 2 illustrates the differences between the cohorts and the
widening gap between the two groups. For this site the values of Cohen’s d always favored the students in
the RM kindergarten, but, as in the Pacific Northwest site, the values became larger over time — moving
from .42 (=(29.7-23.7)/14.4) at the middle of kindergarten to .56 (=(86.2-64.9)/36.0) at the end of first
grade.
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Figure 2. Growth in Nonsense Word Fluency, Mid-Kindergarten to Spring of First Grade, by Group,
Midwestern Site

Growth in Oral Reading Fluency

Table 4 gives results of the analysis of growth in Oral Reading Fluency Lexiles from the middle
of first grade through the end of third grade. The model fit statistics (available on request from the
authors) indicated that the best fitting model for both sites was the most complex model (Model 7), which
included time, the quadratic term for time, initial skills, group, and the interactions of group with both the
linear and quadratic effects of time. In both sites, students who had higher skills at the beginning of
kindergarten had significantly higher oral reading fluency scores in the primary grades (the significant
effects associated with LNF and ISF). In addition, in both sites scores increased significantly over time
(the positive effect associated with time), although there was also some deceleration in this growth over
time (the negative effect associated with time squared). Most rele vant to our hypotheses, students who
had RM throughout their elementary schooling had significantly higher ORF scores than those who did
not (the significant positive effect associated with group). The magnitude of this advantage was roughly
similar between the two sites: 142 Lexiles in the Pacific Northwest site and 157 Lexiles in the
Midwestern site — a difference at the first grade level of about 20 words per minute.
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Table 4 Growth Models of Change in ORF (Lexiles) From Mid First Grade Through End of Third
Grade by Site

Fixed Effects
Pacific Northwest Site Midwestern Site
b s.e. prob. b s.e.  prob.
Intercept -3454 33.6 <0001 -2859 25.7 <0001
Time 2022 69 <0001 180.1 6.4 <0001
Time squared -126 0.9 <0001 -103 0.9 <0001
LNF - Start of K 10.1 1.3 <0001 103 1.1 <0001
ISF - Start of K 5.0 1.5 0.001 5.0 1.7 0.005
Group (RM in Kindergarten) = e e 1569 26.2 <0001
Group (RM School) 142.5 341 <0001  «eeee cmmn e
Time * Group -17.8 9.8 0.07 -132 81 0.10
Time Squared * Group 2.2 1.3 0.08 -1.5 1.1 018
Random effects
var. s.e. prob. var.  s.e.  prob.
Var between persons (11) 40109 5017 <0001 38812 3577 <.0001
Var within persons (12) -1261 547 0.02 -173 320 0.59
Var in growth rates (22) 594 9% <0001 185 49 <0001
Residual 10673 483 <0001 12826 448 <.0001

Note: t values for coefficients may be calculated by dividing the coefficients by the standard errors
(s.e.). Probabilities for the fixed effects adjusted for different degrees of freedom for the time-varying
variables and the time-invariant variables.

In addition, however, the patterns of change over time differed between the groups. (While none
of the interaction effects were statistically significant at standard levels, the addition of these terms to the
models provided significantly better overall fit to the data, and it is, thus, important to discuss them.) For
the Pacific Northwest site, where students in one school had RM throughout their primary years and the
other students did not, the interaction of group with the linear effect of time was negative, while the
interaction of group with the quadratic effect of time was positive. The net result was that, over time, the
two interactions effectively canceled each other out. Figure 3 gives the average ORF Lexile scores at each
testing for students in the two schools and illustrates how the advantage of students who received RM
remained relatively constant throughout the primary years. Calculations of Cohen’s d confirm this
conclusion. Comparison of average scores of students in the two schools for the first testing at the middle
of first grade resulted in an effect size of .46 (=(16.6-(-100.2))/275.8), and the same comparison at the end
of third grade resulted in an effect size of .42 (=(877.6-767.4)/264.2). Both of these would be considered
educationally meaningful.
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Figure 3. Growth in ORF Lexile Scores, Mid-First Grade Through Spring of Third Grade, by Group,
Northwest Site

For the Midwestern site, where all cohorts had RM in the primary grades and the only difference
was in the kindergarten curriculum, the results were slightly different. For this site, both interaction
effects were negative. In other words, the growth in ORF after the beginning of first grade was slightly
less for those who began RM in kindergarten than for those who did not have RM at that time. The
students who were exposed to RM beginning in first grade were gradually catching up to the students
who began RM in kindergarten. However, even with this faster growth, the students were not able to fully
catch up, as illustrated in Figure 4. The students without the kindergarten RM experience always had
lower average ORF Lexile scores than students who began RM while in kindergarten, although the
differences diminished substantially over time. This pattern is illustrated by the calculations of Cohen’s d,
which declined from .53 (=(36.1-(-113.6))/282.83) at the middle of first grade, indicating strong and
educationally meaningful differences, to .10 (=(722.1-695.6)/268.8) by the end of third grade, a level no
longer considered educationally important.
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Figure 4. Growth in ORF Lexile Scores, Mid-First Grade Through Spring of Third Grade, by Group,
Midwestern Site

Finally, Table 5 translates the differences in oral reading fluency into a measure of “reading
volume,” the number of words that an average child in each setting and group would be expected to read,
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given their mid-year ORF score in each grade, if they read for 60 minutes a day throughout the school
year. The calculations provide a simple way to estimate the cumulative impact of reading fluency and the
associated exposure to enhanced language, vocabulary, and knowledge noted by reading scholars and
discussed above. It can be seen that the differences are not trivial. In the Pacific Northwest site, where
students in one school had RM from kindergarten through third grade and the other students did not, the
average student in the RM school read from 720 to 960 more words a day, depending upon the grade
level. In the Midwestern site, where all cohorts had RM in the primary grades and the only difference was
in the kindergarten curriculum, the differences declined somewhat over time, but are still marked, ranging
from over 1,000 words a day in first grade to 600 in third grade. The cumulative impact of these
differences is shown in the last column. Assuming that the school year is 180 days, the differences
translate into a discrepancy between the average students in the two groups, in each site, of almost one-
half million words read throughout their primary grades.

Table 5. Estimated Differences between Groups in Words Read, by Grade and Site
A. Pacific Northwest Site

Estimated Differences in Words

Mid Year ORF Read
Control DI Daily Yearly
First grade 34 49 900 162,000
Second grade 87 99 720 129,600
Third grade 111 127 960 172,800
Total 464,400

B. Midwestern Site

Estimated Differences in Words

Mid Year ORF Read
NoDIinK DIinK Daily Yearly
First grade 34 51 1,020 183,600
Second grade 80 %4 840 151,200
Third grade 101 111 600 108,000
Total 442,800

Note: Calculations for daily differences were derived by multiplying the difference of the
two mid-year ORF scores in each grade by 60, assuming one hour of reading a day. The
yearly difference was calculated by multiplying the daily score by 180, using this number as
a typical length for a school year. Thus, calculations are estimates for average students in
each site, assuming one hour of reading per day and limited to the 180 day school year.

DISCUSSION

This paper used data from two different sites to examine the relationship of academic
kindergarten instruction, as well as variations in later instruction, to growth in beginning literacy and
early reading skills of students from kindergarten through the end of third grade. In the Pacific Northwest
site, students in one school had the highly structured DI program, RM, from kindergarten through the end
of third grade. Their achievement growth was compared with that of students in a comparable nearby
school in the same district that used Oper Court, another highly rated, but somewhat less structured,
curriculum throughout this time span. In the Midwestern site, comparisons were made between three
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cohorts of students. Students in one cohort had a whole language kindergarten experience, but began
using RM in first grade. Their achievement growth was contrasted with that of students in two other
cohorts who had RM throughout the ir K-3 career. Both sites were dedicated to promoting higher
achievement of their students, as indicated by their use of the DIBELS monitoring system and, in the
Pacific Northwest site, by the use of a strong, phonics-based curriculum in the control school. As such,
our analysis might provide a relatively stringent test of the efficacy of RM in promoting higher
achievement.

Based on the literature reviewed above we expected that all students would have increased NWF
scores from mid-kindergarten to the end of first grade, although it was unclear if a linear or a quadratic
function would best fit the data. We also expected, given previous literature, that students with higher
LNF and ISF scores at the beginning of kindergarten would have higher NWF scores throughout time
(larger intercepts). Most important, we expected that the gains over time would be stronger for students
with instruction in RM. In other words, we expected that there would be a significant time by group
interaction and, potentially, a significant interaction between group and the quadratic term for time. With
respect to the results with ORF scores, we expected that the intercepts would be higher for students who
had RM throughout their school career (significant effects of group), reflecting stronger achievement
gains for the RM students that occurred before the middle of the first grade year. As noted above, the
literature provided less guidance as to differences between the slopes of the lines (the time by group
interactions), although we expected that the advantage of having RM from the beginning of their
schooling would be apparent through the end of third grade.

There were no statistically significant differences in measures of early phonological awareness
(as indicated by letter naming and initial sound fluency measures) of students in the various groups at the
beginning of kindergarten, and these measures were controlled in the multivariate analyses. In addition,
there were no differences in the socio-demographic characteristics of students in the two groups at each
site. Finally, the historical pattern of achievement in the Pacific Northwest site, which compared two
different schools, indicated that, over time, upper grade students at the school that implemented RM were
less likely than those in the control school to meet or exceed benchmarks. Thus, there was no indication
that the RM students were advantaged by their initial skills, their socio-demographic characteristics, or the
historical achievement pattern of their schools.

There were, however, significant differences between the groups in reading skills and patterns of
growth over time. In both sites those who were exposed to RM throughout their academic career had
significantly greater growth in Nonsense Word Fluency scores, resulting in significantly higher scores on
this measure by the middle and end of first grade. Reflecting these differential growth patterns, there were
also substantial, and statistically significant, differences between the groups, at each site, in initial Oral
Reading Fluency scores at the middle of first grade. For students in the Pacific Northwest site these
differences persisted with very little change through the end of third grade. However, for those in the
Midwestern site, where all cohorts had RM in grades 1-3, the differences gradually declined, although
they remained at the end of grade 3.

These results indicate that the advantage in reading fluency for the RM students was established
by the middle of first grade. One could suggest that these differences reflect the variations in kindergarten
experiences of the various groups. For the Midwestern site, where one cohort had RM in kindergarten and
the other had a whole language approach, this explanation appears relatively easy to justify. Differences
in skills, as measured by NWF, appeared by the middle of kindergarten and widened through first grade.
For the students in the Pacific Northwest site, where the control students received instruction in Open
Court throughout the K-3 years, the situation is somewhat different. The differences in NWF did not
become strong until the first grade year. The Open Court curriculum has received strong ratings from
various review bodies, and the lack of differences may reflect equal growth in skills in early stages of the
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curriculum. The differences were stronger in the Midwestern site where the students in the first cohort
had a curriculum that was less academic than Open Court.

However, this pattern may also be related to the way in which the measure of nonsense word
fluency (NWF) relates to the RM curriculum. The NWF measure, which is the only measure of “reading”
used in kindergarten, employs short vowel words, while the RM curriculum introduces short vowels only
after long vowels are studied. Thus, the lack of strong differences on NWF scores between the groups in
kindergarten for the Pacific Northwest site may reflect the extent to which the measure is accurately
measuring what the children have learned. By first grade, when the RM children have been exposed to
both short and long vowels, the differences become more apparent. In contrast, the ORF measure uses
real words and is more likely to tap the skills that the children have learned.

As shown by the calculations in Table 5, the advantages that accrued to students with consistent
instruction in RM were not trivial. Scholars using the concept of “reading volume” note the strong
cumulative impact of increased exposure to printed material on general knowledge and language
development. Children who read more are exposed to much richer vocabularies, more varied conceptual
ideas, and a vastly broader range of information (Cunningham & Stanovich, 1990, 1998; Stanovich &
West, 1989). Our computations of reading volume focused on the reading rate of the average student in
each group and used minimal estimates of time engaged in reading (one hour a day and only in the school
year). Fluent readers are more likely than other students to also read independently, and thus our estimates
of the differential impact are probably conservative. The important point is that the differences in
cumulative exposure to print were not small. In addition, these differences appeared in both sites. Even in
the Midwestern schools, where students began work with RM in first grade and gradually began to catch
up with the other cohort, there were strong differences in words read and the cumulative impact of the
differences was only slightly smaller than in the other location.

Our results would also appear to provide support for the theories regarding reading development,
which describe learning to read as a developmental process where reading fluency builds on the
development of early phonological understanding and skills. Children’s growth in reading skills occurred
throughout the time period of the study and was greater for those exposed to a more systematic and
explicit curriculum whose logical ordering matches the theoretical formulation. Our results also replicate
earlier studies that documented the superior achievement and growth in reading skills of students exposed
to RM. Similar to findings of Carlson and Francis (2002), the acceleration of RM students in our samples
was most apparent in the early grades. The differences in growth through kindergarten and first grade
resulted in substantial differences in Oral Reading Fluency in mid first grade which persisted through the
primary years (for the Pacific Northwest site) or only gradually declined (for the Midwestern site where
all students were exposed to RM after grade 1). The advantage accruing to RM students appeared in
comparison to a whole language kindergarten, but also in comparison to the Opern Court curriculum, a
finding that replicates other results (e.g. Crowe, Connor & Petscher, 2009; O’Brien and Ware, 2002, p.
191).

In short, as with the earlier studies, our more contemporary data indicate that students who had
RM throughout their K-3 years were significantly more likely to be on track for academic success in the
primary grades. By the middle of first grade, students who began studying with RM in kindergarten had
significantly greater oral reading skills. These differences persisted through the end of the primary grades.
Scholars have long emphasized the cumulative impact of early reading fluency and our simulations
indicate that the differences in reading volume between our study groups were not trivial

We believe that the results presented in this paper have implications for practitioners and policy
makers. They provide additional support for the advocates of early academic instruction. In addition, they
replicate earlier research indicating the effectiveness of RM in these academic kindergartens. Children
who were provided with this instruction were significantly more likely than other students, even those
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who began RM at first grade or who studied in another highly rated curriculum, to be on a tragctory
toward continued academic success in later years.

That said, continued research in this field is, of course, important and can address limitations in
our work. Our analysis was limited to the DIBELS measures and other work might include a wider
variety of assessments, including norm and criterion referenced instruments. In addition, both
implementations of DI in this study involved technical support from the National Institute for Direct
Instruction, and it could be informative to understand more about how this technical support enhanced the
success of the implementations. While the comparison groups had implementation support from district
and school personnelthat was equal in duration and expense, we had no way of gauging the quality of
such assistance.

It is also important to include multiple sites in studies of curricular programs. Our examination of
two different sites allowed for the replication of findings and results. For instance, the differences found
in ORF scores at the middle of first grade between the groups were very similar at the two sites. In
addition, however, the slight difference in design between the two sites allowed us to examine a more
nuanced question of the extent to which beginning RM in first grade could alter the traje ctory of
achievement gain over time. Other work could include even more sites and examine the extent to which
our results could be replicated with a variety of different populations.

Finally, our study did not, of course, involve random assignment of students to groups, a feat that
would have been virtually impossible in the setting and time span employed in our study. Implementing
some type of random assignment in a replication could provide additional controls. On the other hand,
while experimental studies that randomly assign students to short-term curricular interventions might
provide an aura of scientific control and internal validity, they can differ so radically from the reallife
situations of schools that they have relatively low external validity. The long-term growth of achievement
and the maintenance of high level skills is undoubtedly the most important goal of education. We suggest
that this growth can only be thoroughly understood through long-term studies in real life settings.
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