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Abstract

There is a dearth of research on Tier 1 instruction designed to improve the mathematics
achievement of English learners. This study examined the impact of a core kindergarten
mathematics curriculum on the mathematics achievement of Spanish-speaking English
learners (SS-ELs). Secondary aims tested for differential response to the curriculum among
SS-ELs as a function of (a) mathematics skills at the beginning of kindergarten, (b) the
number of SS-ELs in classrooms, and (c) the frequency of mathematical discourse during
core mathematics instruction. Data analyzed in the study were generated from a recent
large-scale efficacy trial. Participants were 556 SS-ELs from 66 kindergarten classrooms.
Results suggest SS-ELs in treatment classrooms made greater gains than SS-ELs in
comparison classrooms on mathematics measures across the school year. Evidence of
differential response to the curriculum among SS-ELs was not found. The importance of

core mathematics instruction and implications for school psychologists are discussed.
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The Effects of a Core Kindergarten Mathematics Program on the Mathematics Achievement of
English Learners

While the societal importance of teaching for early mathematical proficiency has gained
national attention (State of the Union Address, 2014), mounting evidence suggests that students
from a variety of subgroups struggle to meet grade-level expectations in mathematics. Among
these at-risk subgroups are English learners (ELS) or children of linguistic minority groups who
lack full proficiency in English and receive language assistance. ELs represent a major presence
in U.S. schools and for the last 20 years they have been the fastest growing subgroup (Francis et
al., 2006; Klingner & Eppolito, 2014). Recent estimates suggest that ELs comprise 10% of the
U.S. student population and that 70% of this subgroup is Spanish-speaking (Aud et al, 2013; Fry
& Passel, 2009). Considering the rising presence of ELs in U.S. public schools (Aud et al., 2013)
and the alarming number who have been disproportionally identified for special education
(Sullivan, 2011), schools and teachers face the daunting challenge of meeting the instructional
needs of ELs. Recent research shows, however, that schools are struggling to support ELS in
developing mathematical proficiency.

Math achievement data from the 2013 National Assessment for Educational Progress
(NAEP) indicate that 86% and 95% of fourth grade and eighth grade ELs, respectively, scored
below Proficient (National Center for Education Statistics [NCES], 2013). There are also strong
indications that ELs do no achieve commensurate with their English proficient peers. According
to recent research, the math achievement gap between ELs and English proficient students
appears early and remains relatively stable over the years (Reardon & Galindo, 2009). Since

1996, NAEP results have shown that an educationally meaningful achievement gap exists
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between ELs in 4th grade and their English proficient peers, and that this gap is nearly twice as
large in 8th grade (NCES, 2013).

The convincing evidence that suggests ELs experience early and persistent math difficulties
(MD) comes at a time when the Common Core State Standards for Mathematics (CCSS-M,
2010) have significantly raised the mathematical proficiency bar for U.S. students (Porter et al.,
2011). The CCSS-M, relative to previous state standards, place greater demand on the
development and use of academic language in mathematics (Dingman, Teuscher, Newton, &
Kasmer, 2013). Students must now use precise mathematical language and vocabulary, verbalize
and justify solution methods, and critique the reasoning of others (CCSS-M, 2010). While all
students face the linguistic challenges associated with learning to use the language of
mathematics in the context of the CCSS-M, these demands are compounded for ELs. They,
unlike their native English-speaking peers, face the unfortunate “double demands” (Baker et al.,
2014) of having to simultaneously acquire proficiency in two languages: English and
mathematics (Cirillo, Bruno, & Eisenmann, 2010; Francis et al., 2006; Moschkovich, 1999).

Given the likelihood that many ELs will struggle to acquire math proficiency, a major focus
of educational research and practice should be on improving the quality of core math instruction
delivered in general education settings. For many students, core math instruction serves as the
primary source of mathematics instruction. This is particularly true in the early elementary
grades, when logistical constraints (e.g. half day programs in Kindergarten) and a primary focus
on reading instruction may limit the availability of time and resources to support mathematics
achievement beyond core instruction. Core math instruction, therefore, must be effectively
designed and delivered to meet the instructional needs of all students, including ELs and other

students at risk for MD. Evidence from recent randomized controlled trials has begun to
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document the utility of effective, core math instruction in promoting student math achievement,
preventing MD, and reducing student need for highly intensive math interventions (Agodini &
Harris, 2010; Author et al., 2008; Author et al., 2011; Fuchs, Fuchs, & Prentice, 2004).
Plausible Sources of Math Difficulties for ELs

While many factors (e.g., socio-cultural, linguistic, cognitive) may contribute to the
difficulties that ELs experience in acquiring math proficiency, it is important to consider how
instructional factors influence and, in some cases, initiate difficulties in mathematics. A lack of
language-intensive instruction is one instructional factor that may explain why so many ELs are
struggling with math and other academic areas (Arreaga-Meyer & Perdomo-Rivera, 1996; Cirillo
et al., 2010; Khisty, 1995; Lee, Quinn, & Valdes, 2013; Moschkovich, 1999). Research in the
areas of reading (Gersten et al., 2007; Gunn et al., 2005), social studies (Vaughn et al., 2009),
and science (August et al., 2014; Lee et al., 2013) has found that the academic achievement of
ELs is dependent upon meaningful opportunities to engage in the use of disciplinary language. In
this study, we hypothesized that this principle would also maintain for ELs in the area of
mathematics. We base this hypothesis on findings from a growing line of classroom observation
research, which has shown that increased student math achievement is associated with student
math verbalizations (Clements, Agodini, & Harris, 2013; Author et al., 2014). It can be argued
then that classrooms, particularly those with higher percentages of ELs, should provide frequent
opportunities for students to verbalize their mathematical understanding and thought processes.

An underdeveloped empirical research base in the area of effective math instruction for ELs
can also be implicated as a contributing factor to the alarming number of ELs who struggle with
math (Orosco, 2014). While significant efforts have been made in the practice of preventing

reading difficulties for ELs (August et al., 2014; Baker et al., 2014; Gersten et al., 2007; Slavin
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& Cheung, 2005; Vaughn, et al. 2006), few rigorously conducted studies have investigated the
impact of interventions on the math achievement of ELs. For example, Janzen (2009) conducted
a synthesis of the literature from 1990 to 2007 on teaching ELs in the content areas of English,
math, science, and history. Within each content area, Janzen classified the findings into
linguistic, cognitive, sociocultural and pedagogical sub-categories. Surprisingly, none of the 12
articles codified under the pedagogical category in math used a research methodology, such as a
randomized controlled trial, quasi-experimental design, or single-case design, rigorous enough to
identify and establish the causal agents of relevance to improved math achievement for ELs
(Cook, 2002; Feuer, Towne, & Shavelson, 2002; Flay et al., 2005).

Since Janzen’s (2009) review there has been a continued lack of rigorous experimental
research on math instruction for ELs. In fact, Author and Author (in press) conducted a review of
the literature base from 2000 to 2012 and found no experimental studies on math interventions
with ELs. Our own review of the research from 2013 to the time of this study revealed just three
math intervention studies involving ELs (i.e., Orosco, 2014; Orosco et al., 2011; Shumate,
Campbell-Whatley, & Lo, 2012). This paucity of research sheds light on the urgency to build the
knowledge base on effective teaching practices and interventions designed to improve the
mathematics achievement of ELs.

Explicit Math Instruction and Its Role in Math Proficiency for ELs

One instructional approach that has strong potential for supporting ELs in developing
mathematical proficiency is explicit math instruction. Over the last decade, research has begun to
establish a solid evidentiary basis for using explicit math instruction to teach at-risk learners
(Author et al., 2002; Bryant et al., 2011; Author et al., 2011; Dyson, Jordan, & Gluting, 2011,

Gersten et al., 2009; Kroesbergen & Van Luit, 2003; National Mathematics Advisory Panel
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[NMAP], 2008; Orosco, 2014; Orosco et al., 2011). For example, in a meta-analysis of 41
studies targeting students with MD, Gersten et al. (2009) found that explicit instruction had the
largest impact, g = 1.22, 95% CI [0.78, 1.67], among seven dimensions of math instruction.

In this study, we hypothesized that a core math program characterized by an explicit and
systematic approach to instruction would have positive effects on the math outcomes of ELs. We
based this hypothesis on two factors. First, explicit math instruction shares similar characteristics
to that of explicit reading instruction, an instructional approach repeatedly shown to improve
reading outcomes among ELs (Baker et al., 2014; Gersten et al., 2007). Both instructional
approaches, for example, expect teachers to overtly model and demonstrate what they want
students to learn, and provide supportive, timely and specific academic feedback as students
engage in guided and independent learning activities. Explicit reading and math instruction also
incorporate visual models to teach key concepts and skills, and integrate systematic opportunities
to support vocabulary development (Coyne et a., 2010; Author et al., 2012). Furthermore, both
require teachers to engage students in meaningful discourse, such as productive math
verbalizations, around key academic content (Gersten et al., 2007, 2009). Such academic
discussions can help ELs build critical language skills in both English and mathematics (Baker et
al., 2014; Cirillo et al., 2010).

A second reason why explicit math instruction may benefit ELs is because of findings from a
growing line of research on core math programs (Agodini & Harris, 2010; Author et al., 2008;
Author et al., 2011). Agodini and Harris (2010) investigated the effectiveness of four,
commercially available first-grade elementary math programs in 39 schools. Their study found
that the math achievement of students in schools that were randomly assigned to the two explicit

instruction programs was significantly greater than that of students in schools that used the
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student-centered programs. Relatedly, findings from our own intervention research demonstrate
that we can significantly increase the math achievement of struggling learners by designing and
implementing math programs that incorporate validated explicit instructional design and delivery
principles (Author et al., 2008; Author et al., 2011). One such program is the Early Learning in
Mathematics (ELM) core math program.
Empirical Support for the Implementation of the ELM Math Program

While explicit math instruction is most well known for its role in small-group interventions,
we have found encouraging results when using this instructional approach in core educational
settings (i.e., general education classrooms). A primary focus of this line of efficacy research has
been the ELM core math program. Our research team developed the ELM program to increase
the mathematics achievement of kindergarten students. ELM is a yearlong, 120-lesson core
program that targets kindergarten math topics identified in the CCSS-M (2010). At its core is an
explicit and systematic architecture to early math instruction.

Recent efficacy research has documented preliminary empirical support for ELM’s capacity
to (a) improve student math achievement (Author et al., 2008; Author et al., 2011) and (b)
support teachers in facilitating structured classroom discourse around critical math concepts and
skills (Author et al., 2014). In a recent randomized controlled trial (Author et al., 2011), we
tested the efficacy of ELM, randomly assigning 66 kindergarten classrooms to treatment and
control conditions (business as usual). The student sample included approximately 1,300
kindergarten students, including at-risk and typically achieving children. Analyses revealed
statistically significant effects for students in ELM classrooms over students in control
classrooms on the Test of Early Mathematics Ability — 3" Edition (TEMA-3; t=2.41, p = .02,

Hedges’ g = .15) and Early Numeracy Curriculum Based Measurement (EN-CBM; t =1.99 p
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= .05, g =.13). We also found that at-risk students (i.e., students who scored below the 40th
percentile on the TEMA-3 at pretest) significantly outperformed their at-risk control peers on
both the TEMA-3 (t = 3.29, p < .01, g = .24) and EN-CBM total score (t=2.54,p=.01, 9

= .22).

More recently, Author et al. (2014) investigated the efficacy of the ELM program in 129
kindergarten classrooms from 46 schools in Oregon and Texas. The study differed from previous
investigations of ELM (Author et al., 2008; Author et al., 2011) in that it had a specific focus on
teacher outcomes rather than student math achievement. Author and colleagues examined
whether ELM increased teachers’ facilitation of high-quality instructional interactions. Findings
suggested that ELM stimulated more opportunities for teachers and students to engage in high-
quality mathematical discussions compared to classrooms in the control condition. Specifically,
higher rates of math verbalizations by groups of students (t = 5.09, p <.001, g =.91) and
individuals (t = 3.30, p =.001, g = .57) were found in ELM classrooms.

Purpose of the Current Study and Research Questions

A clear and compelling need exists to build a scientific knowledge base of effective
instructional practices and programs aimed at increasing the math achievement of ELs
(McCardle, Mele-McCarthy, Cutting, Leos, & D’Emilio, 2005). To this end, the purpose of this
study was to investigate the impact of the ELM core mathematics program on the mathematics
achievement of ELs. To our knowledge, no similar studies have been conducted.

In addition to studying the efficacy of ELM, we also tested a set of a priori student and
classroom-level predictors of differential response to the ELM program. Because level of
mathematical knowledge at kindergarten entry is a proxy of risk status and has been found to be

one of the strongest predictors of later math achievement (Duncan et al., 2007; Morgan, Farkas
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& Wu, 2009; Judge & Watson, 2011), we examined whether the effects of ELM differed by ELs’
initial skill performance in math. Additionally, we investigated whether the extent to which ELs
are distributed across classrooms influenced the efficacy of ELM. Recent studies suggest that
classrooms with higher percentages of disadvantaged students, including ELs, produce lower
student math achievement (Isenberg et al., 2013). We also tested whether the use of
mathematical language in classrooms was a predictor of differential response to ELM. As math
standards increasingly emphasize the need for students to understand math concepts and
demonstrate their mathematical understanding through verbal explanations of what math
problems are asking and how they can be solved, this study offered an important opportunity to
study the impact of an innovative approach in math with ELs. It may be, for example, that by
facilitating multiple opportunities for students to verbally express their mathematical thinking
and problem solving, ELs have more opportunities to understand math concepts and procedures,
and improve their math skills. We believe this study was the first to investigate such a
hypothesis, particularly in the context of testing the impact of a core math program with a strong
emphasis on mathematics discourse.
In summary, this study was guided by the following four research questions:
1. What is the effect of the ELM program on the math achievement among ELs?
2. Do math skills at the beginning of kindergarten, as measured by the TEMA-3, predict
differential response to the ELM program among ELs?
3. Does the number of ELs in classrooms predict differential response to the ELM program
among ELs?
4. Does the frequency of math discourse used in classrooms predict differential response to the

ELM program among ELs?
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Method

Research Design and Database

This study conducted a secondary analysis of data collected during a large-scale efficacy trial
funded by the Institute of Education Sciences (IES) and designed to investigate the efficacy of
the ELM kindergarten intervention program (Author et al., 2011). The ELM efficacy trial was
conducted in Oregon and Texas, respectively, during the 2008-2009 and 2009-2010 school years
(Author et al., 2011; Author et al., 2014). Blocking on schools, 129 kindergarten classrooms
were randomly assigned to either treatment (ELM; n = 68) or comparison (district-approved
kindergarten mathematics instruction; n = 61) conditions. Thus, the ELM efficacy trial treated
classrooms as the primary unit of analysis. In all, the original sample included 2,598
kindergarten students attending 129 classrooms in 46 schools. The ELM efficacy trial collected
data from participating students to: (a) document demographic characteristics and (b) measure
gains in student mathematics achievement from the beginning to the end of kindergarten.
Classroom observations were also conducted in both conditions at fall, winter, and spring time
points to measure the amount of math classroom discourse used during core math instruction.

Prior to analyzing the data, we established two inclusion criteria for what would constitute an
eligible ELM efficacy trial classroom. A classroom was considered eligible if it: (a) enrolled
students considered as ELs and (b) provided complete student demographic data related to
students’ English language status. From the original sample of 129 kindergarten classrooms, 22
private school classrooms were dropped because they did not include ELs. We also excluded 14
public school classrooms and 3 charter public school classrooms because they provided

incomplete EL status information. In total, our analytical sample included 90 kindergarten
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classrooms with 708 considered as ELs. Data analyzed in the current study included student
mathematics achievement data collected from the 708 ELs and observational data documented in
the 90 kindergarten classrooms.

Teacher and Student Sample

The 90 classrooms (48 treatment, 42 control) were from 31 schools located in 3 school
districts in Oregon and 2 school districts in Dallas, Texas. Teachers in treatment classrooms
delivered the ELM curriculum. In comparison classrooms, teachers provided district-approved
kindergarten mathematics instruction. Of the 90 classrooms, 83 were located in public schools
and 7 were in charter public schools. All charter school classrooms were located in Texas. Public
school classrooms were located in schools eligible for Title 1 funding. Table 1 provides
descriptive information about the classrooms and teachers by condition and region. Of the 90
classrooms, 75 provided a full-day kindergarten program and 15 provided a half-day program.
All half-day classrooms were located in Oregon. Math instruction in all classrooms was
delivered in English. Average class size for treatment and comparison classrooms was M = 21.8
(SD =5.2) and M = 21.2 (SD = 4.1), respectively. The 90 participating classrooms were taught
by 91 teachers. One comparison classroom in Oregon had two teachers, each working a half-day
schedule. All teachers participated for the duration of the ELM efficacy trial.

Nested within the 90 classrooms were 708 EL kindergarten students. Of the 708 ELs, 407
and 301 were in treatment and comparison classrooms, respectively. As shown in Table 1, ELs in
both conditions were similar in terms of age, ethnicity, gender, Spanish spoken as the primary
language, and percentage of students identified for special education. Students were determined
as being ELs based upon participating school district processes and policies, which varied across

the study.
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< Table 1 here >

ELM Intervention

ELM is a core kindergarten mathematics program that consists of 4 quarterly teacher
manuals, each containing 30 daily lessons. Math content is systematically introduced, reviewed
and extended through ELM’s explicit instructional design framework. Each manual offers
scripted guidelines to support teachers in demonstrating key math content, delivering timely
academic feedback, and facilitating frequent practice opportunities for students, including
structured verbal interactions between teachers and students, and among students, around key
math content. Such practice opportunities are systematically designed to help students build
mathematical proficiency, and develop mathematical language and vocabulary. To promote
conceptual understanding, lessons incorporate frequent opportunities for students to work with
visual representations of math ideas, such as 3-D shapes, counting blocks and numbers lines.

Mathematics domains targeted in ELM include: (a) counting and cardinality, (b) operations
and algebraic thinking, (c) number and operations in base ten, (d) measurement and data, (e)
geometry, and (f) precise mathematics vocabulary. Daily lessons last approximately 45 minutes
in duration and include (a) whole-class and small-group activities focused on new mathematical
content, (b) judicious review of previously learned material, and (c) worksheet activities that
provide students extended practice with previously taught concepts and skills. Problem solving
activities are introduced every five lessons to help students practice newly acquired problem
solving skills and engage in “real world” mathematical problems, such as collecting categorical
data and representing the data on a graph. Treatment teachers implemented the ELM program

five days per week in whole-class settings.
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Professional development. Treatment teachers received four professional development
workshops related to program implementation. Each workshop lasted six hours and corresponded
with the ELM quarterly teacher manuals. For example, the first workshop was conducted prior to
the start of the school year and focused on lessons 1-30. Each workshop centered on research-
based principles of math instruction and the instructional design and delivery features of the
ELM program. Workshops also offered treatment teachers opportunities to practice with sample
lessons and receive feedback from the ELM curriculum team.

Treatment Fidelity. Implementation fidelity of the ELM program was assessed three times
in each treatment classroom. Teachers’ adherence to the program was documented using a rating
scale ranging from 0 (did not implement), 0.5 (partial implementation) to 1.0 (full
implementation). Author et al. (2014) reported moderate levels of fidelity in the fall (M = .86,
SD =.13), winter (M = .87, SD =.15), and spring (M = .87, SD =.14) and found no evidence of
contamination between ELM and comparison classrooms.

Comparison Classrooms

Classrooms randomly assigned to the comparison condition provided standard district
practices (business-as-usual). All comparison classroom teachers were asked to provide 45
minutes of daily math instruction. Instruction in the comparison classrooms entailed teacher-
developed activities and a variety of commercially available math programs, including Everyday
Mathematics, Houghton Mifflin, Scott Foresman, Texas Mathematics, and Bridges in
Mathematics. Teachers in the comparison condition used a variety of instructional formats to
deliver instruction, including whole-class instruction, center-based activities and peer-to-peer
learning.

Measures
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Student Measures

Students were assessed at pretest and posttest on measures of foundational aspects of number
sense and whole number understanding. The assessment battery included a general outcome
measure of students’ procedural and conceptual knowledge of whole numbers, and a set of early
mathematics curriculum-based measures that focused on discrete skills of number sense. Trained
staff administered all student measures, with data collection meeting acceptable reliability
criteria (i.e., implementation fidelity of .95 or higher).

Test of early mathematics ability-third edition. The Test of Early Mathematics Ability-
Third Edition (TEMA-3; Pro-Ed, 2007) is a standardized, norm-referenced, individually
administered measure of beginning mathematical ability. The TEMA-3 assesses mathematical
understanding at the formal and informal levels for children ranging in age from 3 to 8 years 11
months. The TEMA-3 addresses children’s conceptual and procedural understanding of
mathematics, including counting and basic calculations. The TEMA-3 reports alternate-form and
test-retest reliabilities of .97 and .82 to .93, respectively. For concurrent validity with other math
outcome measures, the TEMA-3 manual reports coefficients ranging from .54 to .91. Standard
scores were used in the analyses.

Early numeracy-curriculum-based measurement measures (EN-CBM). EN-CBM
(Clarke & Shinn, 2004) consists of four, 1-minute fluency-based measures. The Oral Counting
measure requires students to orally rote count as high as possible and the discontinue rule applies
after the first counting error. The Number Identification measure requires students to orally
identify numbers between 0 and 10. Quantity Discrimination requires students to name which of
two visually presented numbers between 0 and 10 is greater. The Missing Number measure

requires students to name the missing number from a string of three numbers (0-10), with the
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unknown number in the first, middle, or last position. Author et al. (2014) report concurrent
validity coefficients between EN-CBM total scores and the TEMA-3 scores at pretest (r = .87)
and posttest (r = .81). Average test-retest reliability of EN-CBM was reported as .89 (Author et
al., 2014). A total EN-CBM score was computed as the sum across all subtests and used in
subsequent analyses.

Observations of Core Mathematics Instruction.

To measure the frequency of math discourse used during core math instruction, project staff
observed all 129 intervention and comparison classrooms. In Oregon, intervention and
comparison classrooms were observed three times (fall, winter, and spring). Classrooms in Texas
were observed two times (winter and spring). In the aggregate, 314 classroom observations were
conducted in the 90 classrooms. Of the 314 observations, 74 served as interobserver reliability
checks. Author et al. (2014) reported intraclass correlation coefficients (ICCs) that ranged
from .67 to .95, suggesting substantial to nearly perfect interobserver reliability.

Trained observers documented the frequency of mathematical discourse in both conditions
using the Classroom Observations of Student-Teacher Interactions—Mathematics (COSTI-M), a
modified version of a classroom-level observation instrument designed by Smolkowksi and
Gunn (2012). Data were collected on four student-teacher interaction behaviors associated with
productive mathematical discourse: (a) teacher demonstrations, (b) teacher-provided academic
feedback, (c) group responses, and (d) individual responses. Mean rates of these four COSTI-M
behaviors were calculated by dividing the frequency of each behavior in an observed lesson by
the duration of the observation in minutes.

In the COSTI-M, teacher demonstrations reflect a teacher providing mathematical

information in an overt and clear manner. Teacher demonstrations are considered a hallmark of
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explicit math instruction and include a teacher’s explanations, verbalizations of thought
processes, or physical demonstrations of mathematics content. Research from the learning
sciences suggests that explicit demonstrations are a more efficient and effective way of
presenting critical academic content to students compared to less-explicit teaching methods, such
as discovery and problem-based learning, and inquiry-based teaching, (Kirschner, Sweller &
Clark, 2006; Mayer, 2006). Academic feedback reflects a teacher’s explanation of an incorrect
student response or a verification of a correct student response. Evidence suggests that providing
specific informational feedback about a student response or action improves learning and helps
students understand how they performed during the process of learning (Halpern, Aronson,
Reimer, Simpkins, Star, & Wentzel, 2007; Hattie & Timperley, 2007; Shute, 2008)

Group responses entail a concurrent mathematical verbalization from two or more students.
When prompted and facilitated well, they present an opportunity to engage all students in a
mathematical task, such as an entire class stating how the additive identity property applies when
adding zero to another whole number. Individual responses reflect one student verbalizing or
physically demonstrating the answer to a mathematical problem. When interspersed with group
responses, individual responses allow teachers the ability to monitor the mathematical
understanding of individual students. Empirical studies point to that fact that for young students
to learn mathematics, they must be given frequent opportunities to engage in productive math
discourse (Author et al., in press; Gersten et al., 2009), such as the group and individual
responses captured by the COSTI-M. To avoid coding extraneous conversation, such as student
“call-outs”, group and individual responses were only coded if requested by the teacher.
Statistical Analysis

We assessed intervention effects on TEMA-3 standard scores and EN-CBM raw scores with
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a mixed-model (multilevel) time x condition analysis (Murray, 1998) to account for the
intraclass correlation associated with students nested within classrooms, the level of random
assignment. The analysis tested differences between conditions on change in outcomes from the
fall (T1) to spring (T2) of kindergarten, with gains for individual students clustered within
classrooms. The statistical model included time, condition, and the time x condition interaction,
with time coded 0 at T1 and 1 at T2 and condition coded 0 for control and 1 for ELM. Analyses
were based on 90 classrooms that included at least one EL and had complete student
demographic data about EL status.

We also explored differential response to the ELM intervention as a function of various
student- and classroom-level variables. We expanded the statistical model for this secondary aim
to include a predictor and its interaction with condition, time, and the time x condition term;
resulting in a three-way interaction, all corresponding two-way interactions, and individual
(conditional) effects. The three-way interaction of the predictor, time, and condition provided an
estimate of whether condition effects varied by the predictor.

Model estimation. We fit models to our data with SAS PROC MIXED version 9.2 (SAS
Institute, 2009) using restricted maximum likelihood and included all available data, whether or
not students’ scores were present at both time points. Maximum likelihood estimation with all
available data produces potentially unbiased results even in the face of substantial attrition,
provided the missing data were missing at random (Schafer & Graham, 2002). In the present
study, we did not believe that attrition or other missing data represented a meaningful departure
from the missing at random assumption, meaning that missing data did not likely depend on
unobserved determinants of the outcomes of interest (Little & Rubin, 2002). Most missing data

involved students who were absent on the day of assessment or transferred to a new school.
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The models assume independent and normally distributed observations. We addressed the
first, more important assumption (van Belle, 2008) by explicitly modeling the multilevel nature
of the data. Regression methods have been found quite robust to violations of normality and
outliers have a limited influence on the results in a variety of multilevel modeling scenarios
(Bloom, Bos, & Lee, 1999; Donner & Klar, 1996; Fitzmaurice et al., 2004; Hannan & Murray,
1996; Murray et al., 2006). Murray and colleagues (2006) showed that violations of normality at
either or both the individual and group levels do not bias results as long as the study is balanced
at the group level.

Effect sizes. To ease interpretation of results, we computed an effect size, Hedges’ g
(Hedges, 1981), for each fixed effect. Hedges’ g, recommended by the What Works
Clearinghouse (WWC, 2011), represents an individual-level effect size comparable to Cohen’s d
(Cohen, 1988).

Results

Table 2 provides descriptive statistics for the primary outcome measures used to evaluate the
impact of the ELM intervention among ELs. ELM and comparison classrooms did not
significantly differ on any demographic characteristics or outcome measures collected at pretest.

< Table 2 here >
Efficacy

We tested the hypothesis that ELs in ELM classrooms experienced greater gains on TEMA-3
and EN-CBM during kindergarten than ELs in comparison classrooms. Complete results are
summarized in Table 3, including the ICC for gains as described by Murray (1998, see p. 301).
ELs in ELM classrooms statistically significantly outperformed ELs in comparison classrooms

on the TEMA-3 (g = 0.24, p =.0395) and a trend-level effect was obtained for the EN-CBM (g =
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0.20, p = .0553).
Differential Response

The tests of differential response included a predictor and its interactions with time,
condition, and time x condition. The three-way predictor x time x condition interaction term
indicates differential response to treatment. For each outcome measure, we tested for differential
response to ELM as a function of (a) pretest student performance as measured by TEMA-3 and
(b) the following classroom characteristics: number of ELs in the classroom; rate of group
responses; rate of individual responses; rate of group and individual responses combined; and
rate of teacher models, group responses, individual responses, and teacher-provided feedback
combined. We found no statistically significant three-way interactions (p’s > .2610). Thus, our
analyses were unable to offer clear evidence of differential response to the ELM intervention
among ELs.

Discussion

This study examined the impact of a 120-lesson core kindergarten mathematics program on
the mathematics achievement of ELs. For EL students in ELM classrooms there was a significant
effect on one of the two outcome measures, TEMA 3 (g = 0.24, p =.0395). Impact on the second
outcome measure was positive and trended towards statistical significance, EN-CBM (g = 0.20, p
=.0553). Overall, results would be classified as substantively important positive effects (WWC,
2011). Analyses examining differential response found no difference in response to ELM for ELs
by initial skill status, the number of ELs in the classroom, and a set of student-teacher interaction
behaviors theorized to facilitate mathematical discourse used in core mathematics instruction.

We believe the finding that initial skill status, as measured by the TEMA-3 at the beginning

of kindergarten, did not influence the impact of ELM for ELSs is encouraging because it suggests
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that ELM essentially had the same positive impact for all ELs regardless of the amount of
informal math knowledge they had prior to school entry. In other words, ELM seemed to work
equally well across a range of skill levels. It may be that the instructional design features of the
ELM program are configured in a manner that can help support the majority of EL kindergarten
students in developing early mathematics proficiency. For example, ELs may gain a deep
understanding of how numbers work through ELM’s sequence of instruction, which strategically
intersperses concrete instructional examples with abstract representations of numbers. ELs may
also benefit from the way in which ELM uses simpler instructional examples rather than
complex ones to introduce and teach new math concepts and vocabulary. It is plausible that these
introductory instructional examples and problem contexts help engage the existing
understandings and experiences of ELs and, in turn, allow them to achieve early success with
new math content.

The finding of no differential response based on the initial skill levels of ELs is also
somewhat surprising given that a previous study of ELM (Author et al., 2011) revealed that the
program was more effective for students considered at-risk for math difficulties at the start of the
kindergarten year (i.e., TEMA-3 pretest scores at or below the 40™" percentile on the TEMA-3)
than students considered on-track for developing mathematical proficiency (i.e., TEMA-3 pretest
scores above the 40™ percentile on the TEMA-3). While only 11% of ELs in the current sample
tested above the 40™ percentile on the TEMA-3 at pretest, we believe a strong case can be made
from this study that typically-achieving ELs, like their EL peers who are at-risk for math
difficulties at the start of kindergarten, may require explicit and systematic core math instruction
given their limited proficiency in the English language. Converging evidence from investigations

of the Early Childhood Longitudinal Study-Kindergarten (ECLS-K) Cohort longitudinal dataset



ENGLISH LEARNERS AND CORE MATH INSTRUCTION 22

indicate that early math skills acquired in kindergarten are critical for acquiring proficiency in
later mathematics and building knowledge in other content areas, including reading and science
(Classens & Engel, 2013; Duncan et al., 2007; Morgan et al., 2009; Judge & Watson, 2011).
Therefore, it is seems reasonable that all ELs may need an explicit and systematic core math
program to make a successful start in kindergarten mathematics and begin to tackle the “double
demands” of simultaneously learning the languages of English and mathematics.

Limitations and Future Research

A number of critical limitations should be considered when examining the findings from the
study. First, the designation of a student as an EL was based on district methodology that varied
widely across the different districts in the study. In part, this reflects the reality of actual practice
(McCardle et al., 2005; Rueda & Windmueller, 2006). Thus caution should be exercised in
extrapolating results of the current study to students and districts that may employ different
classification methods. As with any study conducted within a unique geographic and
demographic sample, a focus should be on replicating results across an array of diverse sites and
participants (Cook, 2014; Flay et al., 2005).

Future research should explore the potential of differential impact based on initial skill level
among ELs with a greater range of math understanding at the start of kindergarten. This is of
particular importance as the field moves to implementing multi-tiered approaches to math
instruction (Fuchs, Fuchs, & Compton, 2012). Greater insights into which students are likely to
respond to Tier 1 core math instruction will be critical in building effective service delivery
models. Establishing the impact of a core math program for ELs will also help determine if an
EL student who fails to make sufficient growth is the result of lower levels of English language

skills or due to difficulties specific to mathematics. That is, if the core program is effective for
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ELs in general, an EL’s non-response could more readily be attributed to a true deficit in
mathematics. In a response to intervention (Rtl) or multi-tier model, these EL students would be
considered in need of a Tier 2 intervention. Because work investigating the impact of
mathematics intervention programs is severely limited for ELs (Janzen, 2008), future research
should not only focus on the effectiveness of core programs, but also be linked to ongoing efforts
to develop and evaluate effective Tier 2 and 3 programs (Author et al., 2009; NMAP, 2008). As
a result, this will better allow schools the opportunity to provide a full continuum of support for
ELs as they learn mathematics.

We hypothesized that ELM’s architecture of instruction would be a key ingredient in
impacting student outcomes because of its incorporation of explicit instructional design
principles, such as overt teacher demonstrations and deliberate student practice opportunities. To
some extent, this general hypothesis was supported as ELM had a positive impact on the math
achievement of ELs. However, additional analyses revealed the effect of the ELM program did
not vary as a function of rates of math discourse during core math instruction (e.g., rate of group
responses). That is, the impact of ELM was essentially the same between classrooms with high
and low rates of math discourse opportunities. While ELM’s scripted teacher manuals ensure
frequent math verbalizations that target key math concepts and skills, this result suggests that the
rate of these discourse opportunities may be less meaningful for ELs than the quality of the math
verbalization opportunities. Research suggests that language-intensive math instruction is critical
to students’ development of math knowledge (Author et al., in press; Gersten et al., 2009;
Kilpatrick, Swafford, & Findell, 2001). However, less is known about when math discourse
opportunities should take place during the learning process and to what extent should they be

cognitively demanding for students with limited proficiency in English. Toward this end, future
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research should focus on developing standardized observation protocols that document not only
the extent to which math discourse opportunities occur during core math instruction but also the
quality of these instructional interactions. This dual quantity-quality approach would likely
provide a more comprehensive picture of whether all students, including ELs, are receiving
effective, evidence-based math instruction and meaningful access to grade-level math content.

In this study, there is some concern about how directly we were able to evaluate math
performance on the content taught as part of the ELM program. Given that ELM addresses
multiple math domains (i.e. counting and cardinality, operations and algebraic thinking, number
and operations in base ten, measurement and data, geometry, and precise mathematics
vocabulary), our use of the TEMA-3 and EN-CBM as outcome measures may not have aligned
fully with the content coverage of ELM. The TEMA-3 focuses primarily on whole number
understanding and the EN-CBM measures focus on discrete aspects of number sense (e.g.
magnitude comparison). These foundational skills are covered early in the scope and sequence of
ELM’s first quarterly teacher manual. Future research should utilize a more proximal assessment
that directly links to the concepts taught across the math domains of ELM.

Another important issue to consider is the use of English-based math assessments to screen
and identify ELs who may be in need of math intervention services. While the primary first
language of this study’s sample was Spanish, all math assessments were administered in English.
Consequently, potential language barriers may have impacted ELs’ pretest and posttest
performances. Future research involving ELs should administer standardized, math assessments
in both English and Spanish. This would allow for comparisons between students’ math skills in

English and Spanish.
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Lastly, it should be noted that while we theorize that the instructional architecture of ELM
was the primary agent impacting outcomes, treatment teachers were provided professional
development on the ELM program and on effective teaching strategies and behaviors. While the
professional development was primarily centered on ELM components and implementation, a
stronger research design would have controlled for the impact of professional development by
providing control teachers with general experiences on teaching strategies and behaviors. Doing
so would have eliminated professional development as an alternate possible cause and confound
when interpreting the study results.

Implications for School Psychologists

We believe core math programs can act as a valuable first line of defense in impacting the
mathematics achievement of ELs. Core math programs serve as an instructional mechanism from
which teachers can deliver important math content and support students’ development of math
proficiency (Author et al., 2012). When judiciously developed, core math programs align with
theories of children’s mathematical thinking and learning, and logically reflect the hierarchical
structure of math (Clements, 2007). Despite this, a growing line of curriculum evaluation
research indicates that many market leading core math programs lack the instructional design
and delivery principles that are empirically validated to increase the math achievement of
students with or at-risk for math difficulties (Bryant et al., 2008; Author et al., 2012; Sood &
Jitendra, 2007).

School psychologists are skilled to assist schools and teachers in enhancing core math
programs that fail to incorporate explicit instructional design and delivery principles. The
purpose of such enhancements is to make core instruction more focused, explicit, and systematic

for at-risk learners (Author et al., 2008; Author et al., 2012). For example, school psychologists
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will be able to ensure that core math programs organize instruction around the big ideas of
mathematics and conspicuously teach those key concepts and skills through overt teacher
demonstrations and visual representations of math ideas. They can also inspect whether core
programs offer frequent and high-quality opportunities for students to practice with critical math
content. We believe these enhancements can help ensure core math instruction is designed to
meet the instructional needs of ELs.

Additionally, school psychologists will be able to assist teachers in making the math
vocabulary presented in core math programs more precise and accessible for ELs. There is an
increasing awareness of the need to embed academic vocabulary instruction within content area
instruction and for that instruction to provide ample opportunities for ELs to engage with
advanced content (Baker et al., 2014; Caldwell, Karp, Bay-Williams, Rathmell, Zbiek et al.,
2011; Francis et al., 2006; Gersten et al., 2007). The ELM program employs an extended and
embedded approach to vocabulary instruction (Coyne et al., 2009) to explicitly teach vocabulary
central to success within mathematics (e.g., addition, inches) and academic words that are
important across other content areas (e.g., explain, justify). We contend that this approach is
reflective of best practices in the field because it prioritizes vocabulary and allows all students,
including ELs, to actively use key vocabulary in a variety of math contexts.

Multi-tiered approaches to math instruction call for the delivery of high quality instruction to
occur in Tier 1, core educational settings. Integral to any multi-tiered model is the collection of
evidence for whether teachers deliver core math programs with fidelity and understanding. As
suggested by O’Dennell (2008), documenting implementation fidelity is necessary to “determine
whether unsuccessful outcomes are due to an ineffective program or due to failure to implement

the program and its conceptual and methodological underpinnings as intended” (p. 42). School



ENGLISH LEARNERS AND CORE MATH INSTRUCTION 27

psychologists can support schools in correlating fidelity of implementation data with student
math outcomes to obtain estimates for whether increased math achievement is due to higher
levels of implementation. These correlations can also help determine if additional professional
development is needed to improve the implementation of core math programs.

Finally, it is particularly imperative for schools to determine the most effective allocation of
limited resources to meet the math needs of ELs. Early elementary classrooms often have a
primary focus on early literacy, with supports including evidence-based core and intervention
programs, reading coaches, and mandated reading instruction blocks (e.g. 90 minutes). Time
constraints may be exacerbated for ELs who are in need of support to facilitate their
development of English. School psychologists can assist schools in determining efficient
approaches to ensure the math needs of EL learners are served.

Conclusion

Despite the preponderance of evidence that a successful start in mathematics is critical for all
students (Classens & Engel, 2013; Morgan et al., 2009), and the fact that a concerning number of
ELs are struggling to acquire proficiency in mathematics (NCES, 2013), there is an alarming
shortage of empirical literature on effective mathematics instruction for ELs (Author, 2012). The
current study addresses the urgent need for research in this critical area. While findings from this
study are limited, they do indicate promise and should serve as a watershed for future research.
Future studies will hopefully allow the field to begin building a research base on effective

instructional practices for teaching mathematics to ELs.
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Table 1
Descriptive Information for Students and Classrooms by Condition
ELM Comparison
Student characteristics
Number of students n 407 301
Age M (SD) 5.6 (0.5) 5.6 (0.5)
Male n (%) 214 (53) 152 (51)
Hispanic n (%) 360 (89) 263 (87)
First language n (%)
English 7(2) 9(3)
Spanish 328 (81) 228 (76)
Other 14 (3) 12 (4)
Eligible for special education n (%) 24 (6) 21 (7)
Classroom characteristics
Number of classrooms n 48 42
Number of students per class M (SD) 21.8 (5.2) 21.2 (4.1)
Program structure n (%)
Full-day program 41 (85.4) 34 (81.0)
Half-day program 7 (14.6) 8 (19.0)

Note. M = mean, SD = standard deviation. Age was computed as of the beginning of the study

(i.e., 10/1/2008 for the Oregon cohort and 10/1/2009 for the Texas cohort)
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Table 2
Descriptive Statistics for Outcome Measures by Assessment Point and Condition
Measure Fall Spring
ELM Comparison ELM Comparison
TEMA-3 M 78.4 79.8 94.3 91.4
(SD) (13.5) (13.4) (13.3) (13.0)
N 297 202 356 270
EN-CBM M 41.2 41.0 138.4 124.6
(SD) (33.3) (35.1) (53.4) (57.3)
N 344 242 355 271

Note. TEMA-3 = Test of Early Mathematics Ability-Third Edition; EN-CBM = early
numeracy curriculum-based measure; M = Mean; SD = Standard deviation.
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