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INTRODUCTION

The poor performance of U.S. students in the area of mathematics has been well
documented throughout the last decade. International and national assessments of mathematics
performance including the Trends in International Mathematics and Science Study (TIMSS), the
Programme for International Student Assessment (PISA), and the National Assessment of
Educational Progress (NAEP) all suggest the need for an overhaul of mathematics education.
What we teach (math standards), sow we teach (explicitly or indirectly) and how we measure
student progress (continuously or annually) have emerged as important topics of interest to the
education community at large as well as the general public.

The TIMSS is a comprehensive cross-country comparative study of mathematics and
science. While the TIMSS data have been collected every 4 years since 1995, the 2007 data were
not available at the time this chapter went to press. Therefore, our comments are based on the
2003 study. In 2003, 46 countries participated in TIMSS, at either the fourth- or eighth-grade
level, or both. In the 2003 study, only 7% of U.S. eighth-grade students scored at the advanced
level compared to about one-third of the students from the highest performing (A+) countries
(Mullis, Martin, Gonzales, & Chrostowski, 2004). Although the mathematics performance of U.
S. eighth graders improved between 1995 and 2003, most of that progress occurred between
1995 and 1999.

Another international assessment, PISA, provided even less positive results than TIMSS
(Organisation for Economic Co-operation and Development, 2004). PISA is a standardized
assessment developed jointly by 41 participating countries. The assessment includes areas of
mathematics that 15-year-olds need for life skills and as a basis for further study of mathematics.

In the 2000 assessment, the performance of U.S. students in overall mathematics literacy and
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problem solving was lower than the average performance of students for most countries. As in
the 2000 PISA, the 2003 PISA assessment showed that about two-thirds of the students in
participating countries outperformed the U. S. students. In 2003, more U. S. students scored at or
below the lowest level of proficiency in problem solving than the international average.

Although the math portion of the 2006 PISA was less in depth than the 2003 assessment
(Organisation for Economic Co-operation and Development, 2007), results were similar with
American students performing significantly below the international average, just behind
Azerbaijan and the Russian Federation. Of additional concern is that the United States has a
below average proportion of high-performing students as compared to the other participating
countries.

The math performance of U. S. students as measured by the National Assessment of
Educational Progress (NAEP) appears to be consistent with findings from the international
studies. In 2003 data from the NAEP showed that only 29% of eighth-grade students scored at
the proficient level (National Center for Educational Statistics, 2003). Thirty-two percent of the
eighth graders taking the 2003 NAEP scored below basic level demonstrating only partial
mastery of the prerequisite knowledge and skills that are fundamental for proficient work. For
example, only 10% of eighth graders could demonstrate three ways to divide an L-shaped figure
in order to determine its area.

Results of the 2007 NAEP for Grades 4 and 8 recently have been published (National
Center for Educational Statistics, 2007). The findings suggest that both fourth- and eighth-
graders are scoring higher than in earlier assessments with steady increases in scores since 1990.
However, when disaggregated, the data show that the performance of students who are eligible

for free and reduced lunch remains widely discrepant from the performance of those not eligible.
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Approximately one-third of fourth graders (30.0%) who are eligible for free and reduced lunch
performed below the basic level compared to only 8.9% of those not eligible; close to half of all
eighth graders eligible for free and reduced lunch performed below basic (45.4 %) compared to
18.6% of those not eligible. Regardless of the reported increases, the performance of students
who may be considered most at risk for academic failure is clearly unacceptable by any standard.

Performance of Students with Math Learning Disability (MLD)

The poor math performance reports of general education students briefly summarized to
this point suggest that the problems facing students with MLD may be even more daunting.
Although the etiology of MLD is unknown at this time, and there is no known diagnostic tool for
reliably identifying students with MLD, Geary (2004) has estimated that 5-8% of school-aged
children have been identified as having a math learning disability. Available research in special
education has documented that the performance of those students identified as having a math
disability lags significantly behind the performance of their non-disabled peers but that the
performance of these students is quite variable (Cawley, Parmar, Foley, Salmon, & Roy, 2001;
Gersten, Jordan & Flojo, 2005; Harris, Miller, & Mercer, 1995; Miller, Butler, & Lee, 1998;
Montague & Applegate, 2000). More specifically, students with MLD tend to struggle with
fluent computational skills, including arithmetic fact retrieval that is believed to be associated
with poor working memory and/or other associated deficits in cognition (Geary, 2004; Mabbott

& Bisanz, 2008).

Addressing the needs of struggling students, whether they receive math instruction in
general or special education is a particular focus of this chapter on promoting positive math

outcomes.
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Current Reform Efforts in Mathematics Instruction

The recent demand for mathematics reform and the corresponding math debates not
surprisingly, are comparable to the reading reform efforts of the 1980°s and 1990’s. The debate
in reading at these times centered on the relative merits of using (a) an explicit phonics approach
versus (b) a more implicit whole language approach to teach beginning reading. In math, the
debate centers on using explicit strategy instruction versus guided discovery to teach
computation and problem solving. Although the research community continues to generate and
investigate questions of both theoretical and practical importance, the impact of these debates on
classroom instruction remains considerable. The design and implementation of state standards,
state assessments, curriculum adoption frameworks, and subsequently the development of
curricula for both academically successful and academically challenged students lie in the

balance.

To resolve the reading debates between explicit phonics and implicit whole language, the
National Reading Panel (NRP), was convened by Congress in 1997 and produced a research
report called Teaching Children to Read (National Institute of Child Health and Human
Development, 2000). Similarly, to resolve the explicit strategy versus implicit guided discovery
debates in math, the National Mathematics Advisory Panel (NMP) was created in 2006 and
charged to provide the Department of Education with advice on the use of scientifically based

research in mathematics. In 2008, the NMP report, Foundations for Success was completed.

One striking difference between the reading and math reform efforts can be found in the
volume of high quality research available for review in each area. While the reading research
community has been actively conducting research for decades, a major theme running through

the NMP report is the need for more math research. Despite this research literature volume
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difference, the NMP does make research-based recommendations throughout its report and we

have included references to the panel’s findings and recommendations in later sections.

A PROBLEM SOLVING APPROACH TO MATH IMPROVEMENT

Reform initiatives like those in reading and math arise when a discrepancy between
actual levels of student performance and expected levels of performance becomes apparent
(Deno, 2002). Regardless of whether the discrepancy is found within general education (e.g., the
poor performance of U. S. students compared to students from other countries), compensatory
education (e.g., the performance gap between students eligible for free and reduced lunch and
those not eligible) or special education (e.g., the underperformance of students with MLD
compared with their non-disabled peers), addressing these performance discrepancies inevitably
requires educators to engage in some form of problem solving.

Problem solving approaches to educational challenges are not new (Bransford & Stein,
1984, Deno & Mirkin, 1977). Fuchs and Deshler (2007) observed that currently the term
“problem solving” is used in three distinct ways. First, the term is used to describe how general
education teachers prepare to differentiate instruction for individual students within their
classrooms. Second, the term is used to refer to the careful planning and preparation required to
address the more serious academic and social-emotional challenges that students with disabilities
face. Finally, the term is used to describe the schoolwide decision-making process that often
guides building teams in their effort toward improving the academic performance of students
most at risk for failure.

Response to intervention (rti), essentially a problem-solving approach, exemplifies all
three uses of the term as outlined above. Response to intervention is predicated on the

assumption that high quality instruction in the general education classroom (i.e., tier-1) can
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prevent significant academic failure for most students. Students who respond poorly to that
instruction then become candidates for interventions and may be eligible for special education
services (i.e., Tier 2). Research suggests that using this type of problem solving approach may
not only reduce the prevalence of MLD but also improve the performance of students with MLD
(Fuchs et al., 2005; Shapiro, Edwards, & Zigmond, 2005).

Collaboration among teachers and other school personnel (including school psychologists
and principals) appears to be central to the implementation of most successful schoolwide
problem solving approaches, including rti (Ephraim, 2008; Gersten, Chard, & Baker, 2000).
However, even in schools where mutual accountability is inherent in the school culture,
coordinating the efforts of all school personnel remains a challenge. Recent research suggests
that the use of instructional coaches may be an effective and efficient way to organize and
implement the activities associated with the type of problem solving necessary for improving
student performance in math using multi-tier early intervening services (Gersten, Morvant &
Brengelman, 1995; Knight, 2005).

Four main categories of literacy coaches based on the amount of time they spend on
specific activities have been identified by Deussen, Coskie, Robinson, and Autio (2007). Data-
oriented coaches spend most of their school time coordinating assessments and managing student
performance data. Student-oriented coaches spend more of their time directly providing
interventions to small groups of students. Managerial coaches are responsible for facilitating and
planning team meetings and coordinating inservice activities. Finally, teacher-oriented coaches
are the coaches who spend most of their time in individual classrooms or in small groups

working directly with teachers.
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In this chapter, we have conceptualized a problem solving approach in which the math
coach plays a central role. Based on the activities described earlier, we have organized the
primary responsibilities of the math coach into two major areas: (a) assessing for mathematics
instruction and (b) math action planning. These areas are central features of problem solving
approaches, including rti, that are grounded in data-based decision making (Deno, 2002; Fuchs &
Deshler, 2007; Walker & Shinn, 2002). The coach-based approach we describe below extends
most other approaches by more explicitly linking assessment to professional development
activities.

Assessing for Mathematics Instruction

In order to assist teachers in using relevant information for academic problem solving, we
developed the Mathematics Problem Solving (MPS) Inventory. This inventory is divided into
three distinct areas: (a) Assessment, (b) Curriculum and Instruction, and (c) Professional
Development. While most problem-solving models include an analysis of student performance
data, math coaches using this inventory also collect information about curriculum materials and
organization, and professional development needs including inservice training and math
coaching needs. Although the Inventory itself is too lengthy to be reproduced here, we have
provided examples of the kinds of questions that appear in each of the three areas included on the

Inventory (see Figure 1). The entire MPS Inventory is available from the authors upon request.

Insert Figure 1 about here

To help organize the information that is collected by the math coach, we have developed

a corresponding MPS Summary Form (see Figure 2). Using data from the MPS Inventory, the
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math coach indicates on the MPS Summary Form those areas for which an action may be
needed. This form helps the math coach consolidate a large amount of information so that it can

be more easily shared with teachers and other school personnel.

Insert Figure 2 about here

Assessment
Student Performance Measures

In this section we briefly outline four different types of student performance measures
included on the MPS Inventory to assist teachers and coaches as they make critical instructional
decisions: Benchmark Assessment, Progress Monitoring, Program-specific Assessment, and
Assessment of Content Coverage. The questions on the MPS Inventory guide the math coach to
record information about the assessments given to students in each of the three tiers so that they
can better determine whether more or different types of measures are needed to inform the action
planning process.

Benchmark Assessment. Benchmark measures are given to help determine the extent to
which students are meeting grade-level expectations. This type of assessment provides data to
help identify early those students who may need additional support (i.e., universal screening).
For many school systems, benchmark assessments are administered three times a year, in the fall,
winter, and spring. The beginning of the year assessment not only helps to identify which
students are starting the year below expected levels but also provides teachers with a general
sense of the instructional levels of the students in the class. The winter and spring assessments

provide data on student progress toward end of the year goals and state standards. Schools
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currently using benchmark assessments for reading are increasingly aware of the benefits of this
type of assessment and will find the application to math fairly easy.

Students performing slightly below expected levels on benchmark assessment may
require strategic intervention and more frequent progress monitoring. Students performing
significantly below expected levels and students failing to respond to interventions will require
more intensive intervention and weekly progress monitoring. If a majority of the students in a
class or grade are falling below benchmark standards, the next step may be evaluating the core
curriculum to see how well it aligns with the district or state math standards. Math coaches need
to determine whether benchmark assessments are being used consistently and effectively by
teachers to identify student needs.

Progress Monitoring. 1f students have been identified as needing additional support (i.e.,
tier-2) based on benchmark testing, then more frequent progress monitoring is recommended.
While benchmark measures compare an individual student’s performance to the average
performance of other students, progress monitoring allows for an analysis of an individual
student’s performance over time relative to an expected rate of progress. See the chapter by
Shinn for more information on this topic as illustrated in reading. If scientifically based
assessment tools are used, student production responses (i.e., written answers) can be analyzed
such that an individual’s strengths and weaknesses can be identified through error analysis.

Several progress monitoring systems are commercially available to help teachers and
math coaches monitor student mathematics performance. One example of a commercial progress
monitoring system for mathematics is AIMsweb (Pearson Education, Inc., 2008). This system
includes math measures for both early math skills (e.g., Early Numeracy and Quantity

Discrimination) and mixed skill computation probes. Other similar commercially developed
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CBM systems include Monitoring Basic Skills Progress (MBSP) Concepts/Applications and
Computation measures (Fuchs, Hamlett, & Fuchs, 1999) and Yearly Progress Pro
(CTB/McGraw-Hill, 2008).

These systems are typically linked to a data management system that is designed for ease
of use. Most of these systems provide comprehensive data on student performance including
whether students are mastering the material and which skills need additional review. The systems
save teachers considerable time on summarizing student data and constructing student and class
reports. The reports help teachers in communicating student performance levels with parents and
guardians. Notably, many of these commercial programs can be used for both reading and
mathematics.

Program-specific Assessment. Program-specific assessments are those tests that
accompany a published math curriculum. The tests fall into two categories: (a) placement testing
and (b) mastery monitoring or criterion-referenced assessment. How well these assessments are
designed will be addressed in a later section on curriculum evaluation. The questions about
program-specific assessment included on the MPS Inventory are designed to provide information
regarding how frequently and how effectively teachers are using the assessments to guide their
instruction. Information about program-specific assessment recorded on the MPS Inventory may
reveal a need for professional development in interpreting assessment results or in conducting
error analyses.

Assessment of Content Coverage. To ensure that struggling students make sufficient
progress toward mathematics proficiency, teachers must be able to balance content mastery with
content coverage. That is, teachers need to be able to predict whether their students will have

covered the essential content during the time allocated. Content mastery at the expense of
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content coverage will preclude many students from acquiring those skills necessary for advanced
math topics. Likewise, covering content without requiring students to perform adequately does
little to assist students in meeting their academic goals. For example, introducing decimals skills
to students who have not mastered basic fraction concepts will confuse some students and delay
mastery of the newly introduced material. Teachers often feel pressure from their schools or
districts to introduce topics at a rate far too fast for student mastery of even the most basic
concepts. Although we understand these pressures, improving mathematics performance requires
attention to both content coverage and content mastery. Information about content coverage will
assist teachers in identifying those students who require additional instruction in order to make
adequate progress.
Curriculum and Instruction

On the MPS Inventory in the area of Curriculum and Instruction we have included
questions that address both curriculum materials and the organizational variables of time
allocation and instructional grouping. In a 3-tier model, students may require different or
additional curriculum materials, depending on their performance level. Core curriculum
materials that are used primarily in general education classrooms may require modifying or
supplementing for students in tier-2 and tier-3. Often, the core curriculum is not appropriate for
use with tier-3 students and a replacement core program must be adopted. Because of the
tension between mastery and coverage. With too many disconnected concepts not taught to
mastery in many core mathematics programs, students with severe math deficiencies never “get
good at anything” including critical perquisites for later mathematics success. Not unexpectedly,

students learn to hate and/or avoid math.
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Similarly, organizational variables may need to be altered for students not performing at
grade level. Information regarding how time is allocated, how that time is spent, and whether and

how students are appropriately grouped for instruction is included in this area.

Professional Development

The final area on the MPS Inventory addresses professional development needs. The
questions in this area focus on two topics: Inservice Training Needs and In-class Coaching
Needs. Information regarding how much and what type of inservice training teachers have
received related to the topics of assessment, curriculum and instruction, and data utilization is
recorded here. These questions are designed to highlight areas for which teachers may need
additional support and/or training. Other questions pertain to whether procedures for conducting
grade level team meetings are in place, and whether procedures for designing action plans have

been developed.

The Professional Development area also includes questions on whether teachers are
receiving in-class coaching as they deliver math instruction. Math coaches need information that
will help them differentially allocate time spend with teachers in their respective classrooms. For
example, some teachers may need more demonstration teaching than others to effectively

implement a newly adopted instructional program.

Math Action Planning

Action planning refers to designing instructional changes for a// students. We have
intentionally referred to action planning rather than intervention planning to encourage both
general and special educators to work collaboratively to prevent math failure of students in tier-1

and tier-2 and to accelerate the math performance of students in tier-3. This kind of planning can
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occur at various times and involve various participants; however, action planning among grade-
level teams has become more common (Johnston, Knight, & Miller, 2007). The team meeting
provides a structured opportunity for teachers to learn about research-based instructional
practices and obtain support for the implementation of these practices in their classrooms
(Gersten & Dimino, 2001). Math coaches are typically responsible for scheduling grade-level

team meetings, generating the meeting agendas, and facilitating the action planning discussion.

Curriculum and Instruction

The next part of this chapter is organized around one of the two areas that focus directly
on math action planning: Curriculum and Instruction. (The second area, Professional
Development, is discussed later.) In this area we integrate available research with specific
recommendations to help math coaches implement research-based instructional actions related
both to evaluating, selecting, and modifying math curriculum materials and to selecting and
implementing interventions that focus on classroom organization such as increasing instructional
time and using appropriate instructional grouping.
Curriculum Materials

Mathematics curriculum materials need to reflect a high degree of instructional integrity.
That is, the materials should offer well-designed content, develop ideas in depth, and clarify the
relations among topics. Commenting on the role that curriculum likely played in the results from
the 2002 TIMMS research, Schmidt and colleagues (Schmidt, Houang, & Cogan, 2002) stated,
“The curriculum itself —what is taught- makes a huge difference.” (p.12) and observed that the
U.S. and Australia were the only TIMMS countries that lacked a national mathematics

curriculum.
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In the U.S., many consider the widely used commercial mathematics programs approved
by state and district adoption committees as the de facto national curriculum (Cai, Watanabe, &
Lo, 2002). Although the term “curriculum” is not technically synonymous with program, in this
chapter, we use the terms curriculum materials and instructional programs interchangeably to
refer to those commercially developed mathematics programs used by both general education
and special education teachers.

Many educators are surprised to learn that most publishers do not routinely evaluate the
effectiveness of their programs, either during development or once they are in classrooms (Reys,
Reys, & Chavez, 2004). Because research is costly, publishers tend not to engage in extensive
research on their programs. With limited scientific evidence on the effectiveness of math
instructional programs, educators need to examine the programs carefully prior to purchasing
and implementing them in their classrooms.

The following sections contain recommendations for selecting, evaluating, and modifying
math instructional programs that will help educators make informed decisions about these
materials. We also include recommendations for time and grouping, two classroom
organizational variables that have been shown to have a significant impact on student
performance.

Curriculum Adoption. Because curriculum materials are integral to the overall
implementation of effective mathematics instruction, we recommend that educators use a
carefully designed selection process when acquiring those materials. Stein, Stuen, Carnine, and
Long (2001) described a systematic adoption process for the selection of reading programs that
can easily be applied to math programs. In the limited space available, we discuss two critical

features of the process below: time allocation and committee responsibilities.
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The curriculum adoption committee often includes the math coach, general and special
education teachers, and administrators. Because a thorough examination of math instructional
programs requires a significant amount of time and effort, adequate release time needs to be
allocated for committee members. This time is critical for activities including the review of
relevant research in math, the design of screening and evaluation criteria based on that research,
the initial screening of submitted programs, and then the thorough evaluation of those programs
that pass the screening. If the committee members have, as we recommended, spent considerable
time examining the programs, they are undoubtedly in the best position to make an informed
decision. Having a committee select the programs to adopt for an entire school or district rather
than having all teachers vote on the program options is not characteristic of many curriculum
adoptions. For teachers in a school or district to feel comfortable with a committee decision, we
recommend that the math coach assist individual committee members in communicating
regularly and effectively with the groups they represent as they participate in the adoption
process. (See Stein et al., 2001 for more details.)

Curriculum Evaluation. Objectively evaluating curriculum materials is complex and
usually requires extensive training. The following recommendations serve only as an
introduction to the curriculum evaluation process. Figure 3 contains a set of questions derived
from both instructional research in math and instructional design that are useful in evaluating
curriculum materials (Engelmann & Carnine, 1991; Przychodzian, Marchand-Martella, Martella,
& Azim 2004; Snider & Crawford 2004). We have organized these questions into three
categories: General Program Design, Instructional Strategies, and Assessment. (For more

detailed information, see Kinder & Stein, 2006.)
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General Program Design. This category includes questions related to instructional
objectives and program coherence. In order to get a better sense of general program design,
evaluators must examine both the scope and sequence and a series of sample lessons from
selected levels.

Examining program objectives may provide the first indication of how systematically a
program is designed. Ideally, the objectives should contain a statement of a measurable behavior.
However, evaluators may find that many recently published programs contain objectives that
describe feacher behavior rather than student behavior. For example, in our curriculum
evaluation work, we found objectives similar to this one, “Introduce subtraction with
regrouping.” That objective identifies what the teacher is to do but not what the students are
expected to learn. In contrast, an example of a well-designed student objective specifies exactly
what the student will be able to do as a result of instruction (e.g., Students will accurately
regroup from the tens column to the ones column when given a set of mixed problems.)

To develop competence in mathematics, students must understand the relationships
inherent in the critical math content taught in their instructional programs. Therefore, another
question under General Program Design addresses program coherence and focuses on the
organization and integration of the content within the curriculum materials. One way to
determine the extent of program coherence is to look for evidence that a newly taught strategy
has been integrated with previously taught content. Another way of determining program
coherence is by examining how well the program integrates instruction in computation with
instruction in problem solving.

A more comprehensive way of establishing the degree of program coherence is by

identifying whether the program is organized using a spiral or strand design. In programs using a
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spiral design, many topics are introduced at each level and repeated across many levels within
and across grades. For example....Spiral mathematics programs are the most common in the
United State. Typically, programs using a spiral design lack adequate initial instruction and
review to promote student mastery. Lessons in these programs typically cover a different topic
each day. Schmidt et al. (2002) referred to programs organized using a spiral design as “a mile
wide and inch deep” (p.12).

Recently, more instructional programs are being organized using a strand design (Snider,
2004). These programs present fewer topics over a longer period of time and have a definite
focus on student mastery. For example, (use the same content as for spiral) A unique feature of
strand design is that lessons are organized around multiple topics. For example, a single lesson at
the fourth-grade level might include some work on multiplication facts, some work on
subtraction with regrouping, some work on fraction analysis, and some work on measurement.

Program coherence has been identified as a common characteristic of the curricula used
in the top performing countries participating in international assessments such as the TIMMS. As
a result, one of the recommendations of the National Mathematics Advisory Panel directly
addresses program coherence:

Recommendation. A focused, coherent progression of mathematics learning, with

an emphasis on proficiency with key topics, should become the norm in

elementary and middle school mathematics curricula. Any approach that

continually revisits topics year after year without closure is to be avoided.

(National Mathematics Advisory Panel, 2008, p. 22)

Instructional Strategies. In Figure 3, we present questions for examining how well the

instructional strategies within a program are designed. Research reviewed by the Instructional
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Practices Group of the NMP supports the use of explicit strategy instruction for low-achieving
students and for those with MLD (Baker, Gersten, & Lee, 2002; Gersten, Chard, Jayanthi, Baker,
& Lee, 2006; Ketterlin-Geller, Chard, & Fien, 2008; Kroesbergen & Van Luitt, 2003; National
Mathematics Advisory Panel, 2008). For example, rather than relying on students to generate
their own problem solving strategies to solve word problems by introducing them to a variety of
options (e.g., drawing pictures or using manipulatives), according to the research literature,
students are more likely to be successful if their teachers teach how and when to apply specific
algorithms to the word problems. Therefore, the first question in this category directs evaluators
to determine the degree to which the strategies in the instructional programs being examined are
explicit. We recommend that evaluators locate where a strategy is first introduced and examine
whether the steps in that strategy are clearly outlined at that point. Usually, the strongest
instructional support for students is provided when a new strategy is first introduced.

The second question under this category addresses how generalizable the strategy is.
Prawat (1989) suggests that efficient strategies be of intermediate generality. Strategies that are
too narrow or of limited generality only apply to a small number of examples yet often require a
great amount of instructional time. Strategies that are too broad are usually less explicit. For
example, the common problem solving strategy “guess and check” is far too broad to be of use to
young students who are struggling to solve complex word problems involving comparisons (e.g.,
Jane is 5 ft. 6 in. tall. If Mary is 6 inches taller than Jane, how tall is Mary?). Determining the
level of generality is often quite difficult. Evaluators need to inspect the examples that
accompany the strategies to determine if the strategy can easily be applied to a sufficient number

of different examples.
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Efficient strategy instruction requires that background knowledge and requisite
component skills be identified and taught before the introduction of the strategy. Many programs
either fail to identify critical component skills or they introduce the component skills
simultaneously with the strategy. Having to master both a new component skill and the new
strategy increases the instructional demands placed on students. For example, students may be
introduced to the concept of “least common multiple” at the same time they are taught the
strategy for “adding fractions with unlike denominators.” Requiring that students learn both
skills during the same lessons will likely cause confusion for some students. When examining
instructional strategies, evaluators need to determine the critical component skills for each
strategy and determine where and when those component skills are taught.

Once evaluators have examined carefully the quality of the instructional strategies, we
recommend that they compare programs with respect to the number of examples provided for the
strategies being taught. When selecting programs for students in tier-2 and tier-3, evaluators may
want to err in selecting programs with more rather than fewer examples. For many teachers,
eliminating some of the examples used during instruction is far easier than generating more
examples.

In addition to the number of practice examples, evaluators need to examine the #ype of
practice provided. Discrimination practice refers to a presenting set of examples that requires
students to determine not only how but also when to apply a strategy. For example, after the
introduction of addition of fractions with unlike denominators, the program should provide
practice on a mixed set of problems in which some fractions have like denominators and others
have unlike denominators. Discrimination practice increases the likelihood that students will

consistently be successful when independently applying strategies to similar problems.
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Research strongly supports certain types of review (Dempster, 1988). Well-designed
programs include review that is sufficient (i.e., adequate for students to initially learn the
content), distributed (i.e., practiced over time so that students do not forget what they have
learned) and cumulative (i.e., integrated with previously related content). By examining the
practice examples available for several newly introduced strategies, evaluators can determine the
extent to which a program provides appropriate types of review.

Assessment. The questions about in-program assessment in this section address the
placement and assessment options that accompany commercial math programs. Evaluators need
to examine the teacher manuals as well as any supplementary assessment materials to answer the
questions on this topic. While the program-specific questions on the MPS Inventory focus on
whether and how teachers use program-specific assessments, the questions from the Curriculum
Evaluation Guidelines concern the quality and usefulness of those assessments.

First, evaluators need to determine whether programs contain a placement test with
alternative placement options allowing students to be placed at different levels of the program
aligned with their current mathematical skill levels. Options for lower level placement are
particularly important for students who lack critical skills and have limited time to acquire them;
these students and their teachers do not have the luxury of spending a great deal of time
reviewing those skills they have already demonstrated mastery. That type of review should occur
during independent work.

Next, evaluators should determine if recommendations for acceleration (i.e., “skip lessons
14-16 if not needed) and remediation (i.e., “reteach lessons 14-16) are based on the program
assessment results. Again, these recommendations should help ensure that the math instruction is

efficient and effective. Finally, evaluators need to establish the extent to which program
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assessments are aligned with instruction. This alignment is necessary for teachers to use the
program assessments to make informed instructional decisions regarding student progress and
mastery of the content.

Curriculum Modification. Based on our experience, the design of the instructional
strategies in a math curriculum should be given greater consideration than the other components
when evaluating instructional programs. (See Mathematics Curriculum Evaluation in Figure 3.)
First, instructional strategies are the most difficult for teachers to modify because teachers would
need a more sophisticated knowledge of math content than the literature suggests they have (Hill,
Rowan, & Ball, 2005; Ma, 1999; Schmidt et al., 2002). Secondly, even if teachers have extensive
mathematics backgrounds, few teachers have had coursework in the area of instructional design.
Finally, teachers who have both adequate mathematical knowledge and instructional design
expertise rarely have time to design new instructional strategies or field test those strategies to
determine if they are effective. Therefore, curriculum materials that contain well-designed
instructional strategies should be given greater consideration in the selection process.

Modifying specific features of strategy instruction may be far less complicated for some
teachers, however. In some instructional programs, the problem-solving strategies may be well
designed but the programs may lack sufficient practice and review opportunities. Teachers can
supplement these programs by first adding more practice examples during initial instruction, then
building in more systematic review throughout. Although easier than designing strategies, adding
practice and review can be extremely time-consuming, especially when attempting to carefully
integrate new and previously introduced content. The difficulty inherent in curriculum
modification underpins the necessity of engaging in a thorough, systematic review of

instructional programs prior to selecting them for use. While no individual instructional program
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will meet the needs of all students, programs that require less modification are undoubtedly
preferable. (For a resource for program modification, see Stein, Kinder, Silbert, & Carnine,
2006.)

Organizational Variables

Time and Grouping. In their review of the teacher effectiveness literature in the 1980’s,
Rosenshine and Stevens (1986) called attention to the importance of both allocating sufficient time
for instruction and ensuring that students are engaged during that time. As a result of that early
work, more recent research has focused on ways of increasing allocated and engaged time through
structural changes within a classroom and/or school. In this section, we briefly outline several
research-based practices that are designed to increase the amount of high quality instructional time
students receive as examples of the kind of changes that can be made through action planning.
These practices include: double dosing, the strategic use of work checks, peer tutoring, and
instructional grouping.

Double dosing, an increasingly popular way to augment instructional time for math
(Cavanagh, 2006; Wanzek & Vaughn, 2008), usually involves adding a second session of math
instruction during the regular school day. The instruction in the second session may entail pre-
teaching or re-teaching content from the adopted curriculum materials (Lalley & Miller, 2006) or
supplementing those materials with additional content (Peele, 1998).

Adding a work check to the instructional schedule is, in some ways, similar to double
dosing. A work check is a 15-20 minute teacher-directed activity, preferably scheduled in
addition to the time typically allocated for math instruction. During a work check, the teacher
provides specific feedback to students and helps them errors on their independent work (Stein,

Kinder, Silbert & Carnine, 2006). The sooner student errors can be identified and remedied, the
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greater the probability of preventing serious deficiencies that would require more intensive
intervention. Put another way, the longer a student practices completing a problem the wrong
way, the more difficult that practice is to correct.

Cooperative learning and classwide peer tutoring (see Greenwood, this volume), both of
which can occur within or outside of the school day, have consistently been shown to have positive
effects on student performance in math perhaps because of the likelihood that students are more
engaged during those activities (Baker, Gersten, & Lee 2002; National Mathematics Advisory
Panel, 2008; Slavin & Karweit, 1985). In Classwide Peer Tutoring, for example, all students serve
as both tutors and tutees inevitably resulting in increased time and attention to math activities
(Fuchs, Fuchs, Yazdian, & Powell, 2002; Greenwood, 1991).

As with cooperative learning and peer tutoring, support for the use of flexible,
homogeneous instructional (i.e., skill-level) grouping to address student needs more efficiently
is longstanding (Lou et al., 1996; Slavin, 1987). Interestingly, instructional grouping issues are
somewhat analogous to issues related to academic engagement time. What makes instructional
grouping an effective strategy is less about where the students receive instruction (e.g., in a
whole class, small group, resource room) and more about #Zow and what they are taught.
Similarly, academic engaged time is less about the minutes that are allocated for instruction and
more about students being engaged during those minutes. Attempting to teach a small group of
low-performing students using curriculum materials that are too difficult will not likely improve
their math performance. Likewise, allocating a double dose of a poorly designed instructional
program to struggling students is also not likely to yield positive results. While evidence

suggests that it is a good practice to take time and grouping into account during action planning,
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educators need to always remember to integrate that information with information from other
areas of the MPS Inventory.

Professional Development

A primary goal of professional development is to help teachers effectively implement
research-based practices into their classroom routines. Professional development activities that
have a clearly identified purpose, are concrete and practical, and are tied directly to a school’s
overall efforts toward improvement appear to be most likely to lead to lasting change (Gersten,
Chard, & Baker, 2000; Gersten, Morvant, & Brengelman, 1995; Little & Houston, 2003). As
noted previously, limited research on effective instruction is available in the area of mathematics.
Even less research is available on how best to prepare teachers to deliver high quality math
instruction (Ball, Lubienski, & Mewborn, 2001; Ma, 1999). However, the reviews of the existing
math professional development literature have led us to conclude that effective professional
development must also focus on relevant and research-based content and provide opportunities
for teachers to engage in active learning (Cohen & Hill, 2000; Garet, Porter, Desimone, Binnan,
& Yoon, 2001; National Mathematics Advisory Panel, 2008).

We have organized our discussion of professional development around two distinct but
related types of activities, (a) inservice training, and (b) in-class coaching. We use the term
inservice training to refer to any training that occurs outside of the classroom. Inservice training
can range from a 2-hour meeting after school with an individual teacher to a 5-day workshop
during summer break for an entire school faculty. In-class coaching, on the other hand, is more
often highly individualized and, as the name indicates, occurs within a teacher’s classroom.
Ideally, the math coach designs professional development to promote a seamless integration

between inservice training and in-class coaching. For example, once new instructional programs
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have been adopted, the math coach would schedule inservice training opportunities that target
specific program features (e.g., error correction procedures) followed closely by in-class
coaching on the implementation of those program features. The following sections on describe
how a math coach might use the MPS Summary Form to guide professional development using
both inservice training and in-class coaching.

Inservice Training Needs

The Professional Development area of the MPS Inventory is designed to direct math
coaches to those topics for which teachers demonstrate greatest need. As indicated on the MPS
Summary Form (see Figure 2), the topics under Inservice Training are assessment, curriculum
and instruction, and data utilization. Regardless of the topic, inservice training should be focused
on specific research-based content with an emphasis on helping teachers understand how that
content can be applied to their classrooms.

In a 3-tier model designed to promote positive math performance, inservice training
related to various assessment types is critical. Teachers need to understand how to choose
assessments that will best inform their instruction, and then how to accurately and reliably
administer, score and interpret information from those assessments. For example, some teachers
will need considerable practice before they are able to reliably score the math-CBM probes that
involve counting correct digits per minute. Another important assessment topic that lends itself
to inservice training is the correct use of program-specific assessment. Although information on
these assessments is usually shared during initial inservice training on newly adopted programs,
teachers may require more extensive and review opportunities to explore the usefulness of the

assessments and how and when to use them.
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The need for a coherent, focused curriculum (Schmidt, Houang, & Cogan, 2002) is, in
part, related to research documenting that many U. S. teachers are simply unprepared to teach
mathematics (Ball, Hill, & Bass, 2005; Ball, Lubienski, & Mewborn, 2001; Ma, 1999). As stated
earlier, while no curriculum materials will meet the needs of every student, having access to
well-designed instructional programs may play an important role in improving the math
performance of our students (Schmidt et al., 2007). Given the importance of these instructional
programs, teachers need extensive preparation and ongoing support in implementing them.

Before attributing a lack of student progress to the instructional program, the math coach
along with grade-level teams should feel confident that the program is being implemented with
fidelity, i.e., implemented in the way the program authors intended. Using both inservice training
and in-class coaching to address issues of implementation is usually required. Action planning
that addresses inservice training in the area of curriculum and instruction certainly encompasses
more than program implementation. Additional topics for inservice training in this area include
strategic program modification, and, as mentioned earlier, the modification of organization

variables such as scheduling and grouping.

The final area designated under inservice training is data utilization. This area, is in many
ways, the most complex. Teachers need to understand if and when their students have learned
mathematical content. Many teachers are not explicitly taught in their teacher preparation
programs how to use objective measures to evaluate student learning. Moreover, teachers are not
often taught how to link assessment data to instructional decision making. Therefore, inservice
training targeted at how to use data to make instructional decisions is essential (Baker, Gersten,

Dimino, & Griffiths, 2004; Little and Houston, 2003).
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We think that the grade-level team meeting may be the most appropriate and convenient
means of reporting data and engaging in shared decision making. To that end, many teachers will
need professional development on the procedures that make grade-level team meetings and
action planning efficient and productive. Therefore, in the area of data utilization, we include
both inservice activities related to the implementation of grade-level team meetings and inservice
on how to use data within the team meeting to make instructional decisions and design action
plans. In addition, we strongly recommend that those persons who are knowledgeable and who
have experience using both formative assessment data and diagnostic information be included as

members of the grade-level team (e.g., school psychologists).
In- Class Coaching Needs

From their work with peer coaching, Joyce and Showers (2002) estimated that 90% of
teachers receiving in-class peer coaching were likely to implement newly learned teaching
practices compared with only 60% of teachers receiving demonstrations and practice, and just
10% of teachers receiving demonstrations alone. While inservice training provides a context for
understanding new instructional practices, in-class coaching provides direct support to teachers

as they implement those new practices.

The purpose of in-class instructional coaching is to improve the teacher’s delivery of
mathematics instruction. Though inextricably related, we have divided in-class coaching into two
broad areas: (a) instructional, and (b) behavioral. The in-class coaching needs of teachers will
vary depending on both teacher skills and student needs. Teachers who teach many struggling
students will undoubtedly need greater instructional support, whereas teachers who have weak
classroom management skills may need in-class coaching on implementing positive behavior

support.
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In-class coaching sessions provide different levels of support ranging from less intrusive
to more intrusive. An example of less intrusive in-class coaching involves the math coach
observing the delivery of a math lesson. In contrast, during more intrusive in-class coaching
sessions, math coaches model specific math lessons or demonstrate the use of a reward system
that reinforces effort and attention. Because in-class coaching can be anxiety-producing for many
teachers, we suggest that math coaches establish well-defined objectives and communication
procedures to facilitate a productive collaboration.

Providing professional development that integrates data-based decision making and
research-based instructional practice provides the basis for a problem solving model likely to
promote positive math outcomes for all students. The more teachers can experience firsthand an
association between problem solving and student progress, the more likely they will be to sustain
their successful teaching practices over time (Gersten & Dimino, 2001; Moss, Jacob, Boulay,

Horst & Poulos, 2006).
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CONCLUSIONS

The title of this chapter, Promoting Positive Math Outcomes, is intentionally general in
nature and broad in scope. Our purpose was to introduce readers to a comprehensive problem
solving approach to improving student performance in mathematics. In the chapter we have
drawn from the literature in school psychology, general education, special education, and
education policy. We have taken into account large scale reform initiatives such as
Comprehensive School Reform (Borman et al., 2003); Reading First (Moss et al., 2006);
Response to Intervention (Fuchs & Deschler, 2007). As mentioned earlier, these initiatives are
essentially problem solving models in areas where student performance does not match

expectations.

Throughout the chapter, the focal point for implementing the approach has been the math
coach. We assigned the math coach the responsibilities of coordinating research-based
assessment and action planning activities. Consequently, the math coach became the point person
for coordinating the professional development necessary to implement all of the activities with

fidelity.

We designated the math coach to be the central figure of the problem solving approach so
that readers would be able to concentrate on the what rather than the who as they were
introduced to various activities. Historically, classroom support in the form of consulting
teachers (Gersten, Darch, Davis, & George, 1990), behavior specialists (Metzler, Biglan, Rusby,
& Sprague, 2001) or instructional coaches (Moss et al., 2006) has been shown to increase the
likelihood that teachers will acquire the skills necessary for successful implementation of the
research-based activities. Having mastered the activities, the teachers then are more likely to

sustain their use (Gersten, Chard, & Baker, 2000).
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Can the problem solving approach we propose here for providing multi-tiered, early
intervening services be implemented without a math coach? Of course, it can. While the math
coach is clearly an appropriate designee for the role of coordinator, the responsibilities of the
math coach most certainly can be distributed among those with suitable expertise. For example,
given the training school psychologists receive in measurement and testing, they are often the
best prepared to coordinate the assessment, data utilization and even some error analysis
activities for a district, school or individual teacher. As a member of a grade level team and
collaborator, school psychologists can contribute to action planning by introducing teams to

research-based activities drawn from the school psychology literature.

The participation of school principals and other administrators also are integral to the
successful implementation of a comprehensive problem solving approach (Lau et al., 2006). The
responsibility for coordinating professional development activities frequently lies with the school
principal, who has the most control over budget and scheduling. Moreover, principals are
essential participants in critical placement decisions, especially when those decisions involve

students with disabilities.

Just as a championship basketball team may be carried by a star player, so is it possible
for schools and teachers to be carried by a star math coach. However, most championships are
won through the contributions of all team members. So it is with the math improvement. All of
the members of the team must be engaged in deliberate, focused decision making and a
commitment to the implementation of research-based instructional practices in order to achieve

the desired results.



Promoting Positive Math Outcomes 32

References

Baker, S., Gersten, R., Dimino, J. A., & Griffiths, R. (2004). The sustained use of research-based
instructional practice: a case study of peer-assisted learning strategies in mathematics.
Remedial and Special Education, 25,5 - 24.

Baker, S., Gersten, R., & Lee, D. (2002). A synthesis of empirical research on teaching
mathematics to low-achieving students. The Elementary School Journal, 103, 51-73.

Ball, D. L., Hill, H. C., & Bass, H. (2005). Developing measures of mathematics knowledge for
teaching. Ann Arbor: University of Michigan Press.

Ball, D. L., Lubienski, S., & Mewborn, D. (2001). Research on teaching mathematics: The
unsolved problem of teachers’ mathematics knowledge. In V. Richardson (Ed.),
Handbook of research on teaching (4™ ed.) (pp. 433-456). New York: Macmillan.

Borman, G. D., Hewes, G. M., Overman, L. T., & Brown, S. (2003). Comprehensive school
reform and achievement: A meta-analysis. Review of Educational Research, 73, 125-230.

Bransford, J.D., & Stein, B.S. (1984). The ideal problem solver. New Y ork: Freeman.

Cai, J., Wantanabe, T., & Lo, J. J. (2002). Intended treatments of arithmetic averages in U. S.
and Asian school mathematics textbooks. School Science and mathematics, 102, 391-404.

Cavanagh, S. (2006). Students double-dosing on reading and math. Education Week 25(40), 1,
12-13.

Cawley, J., Parmar, R., Foley, T. E., Salmon, S., & Roy, S. (2001). Arithmetic performance of
students: Implications for standards and programming. Exceptional Children, 67, 311-28.

Cohen, D. K., & Hill, H, C. (2000). Instructional policy and classroom performance: The

mathematics reform in California. The Teachers College Record, 102, 294-343 (50).



Promoting Positive Math Outcomes 33

CTB/McGraw-Hill. (2008). Yearly ProgressPro. [Computer software]. Monterey, CA:

CTB/McGraw Hill.

Dempster, F. (1988). The spacing effect: A case study in the failure to apply results to
psychological research. American Psychologist, 43, 627-634.

Deno, S. L. (2002). Problem-solving as best practice. In A. Thomas & J. Grimes (Eds.), Best
practices in school psychology IV (pp. 1-17). : Washington, D.C: National Association
of School Psychologists.

Deno, S. L., & Mirkin, P.K. (1977). Data-based program modification: A manual. Rustin, VA:
Council for Exceptional Children.

Deussen, T., Coskie, T., Robinson, L., & Autio, E. (2007, June). "Coach" can mean many

things: five categories of literacy coaches in Reading First (Issues & Answers Report,
REL 2007-No. 005). Washington, DC: U.S. Department of Education, Institute of
Education Sciences, National Center for Education Evaluation and Regional Assistance,
Regional Educational Laboratory Northwest. Retrieved from http://ies.ed.gov/ncee/edlabs
Deussen, T., Nelsestuen, K., Autio, E., Scott, C. & Davis, A. (2007). Washington Reading First
annual evaluation report, 2006-2007. Portland, OR: Northwest Regional Education
Laboratory. Available:
http://www.ed.gov/programs/readingfirst/evaluationreports/wa.pdf
Engelmann, S., & Carnine, D. (1991). Theory of instruction: Principles and applications.
Eugene, OR: ADI press.
Ephraim, R. (2008, April). Knowledge and skillful leadership. Presentation at Math Leadership

Conference, Seattle, WA.



Promoting Positive Math Outcomes 34

Fuchs, D., & Deschler, D. (2007). What we need to know about responsiveness to intervention
(And shouldn’t be afraid to ask). Learning Disabilities Research and Practice, 22, 129-
136.

Fuchs, L.S., Compton, D.L., Fuchs, D., Paulsen, K., Bryant, J. D., & Hamlett, C.L. (2005). The
prevention, identification, and cognitive determinants of math difficulty. Journal of
Educational Psychology, 97, 493-513.

Fuchs, L. S., Fuchs, D., Hamlett, C. L., & Appleton, A. C. (2002). Explicitly teaching for
transfer: Effects on mathematical problem-solving performance of students with
mathematics disabilities. Learning Disabilities Research & Practice. 17(2), 90-106.

Fuchs, L. S., Fuchs, D., Yazdian, L, & Powell, S. (2002). Enhancing first-grade children’s
mathematical development with peer-assisted learning strategies. School Psychology
Review, 31 (4), 569-583.

Fuchs, L. S., Hamlett, B., & Fuchs, D. (1999). Monitoring basic skills progress (2nd ed.)
[Computer software]. Austin, TX: Pro-Ed.

Garet, M. S., Porter, A. C., Desimone, L., Binnan, B. F., & Yoon, K. S. (2001). What makes
professional development effective? Results from a national sample of teachers.
American Educational Research Journal, 38, 915-945.

Geary, D. (2004). Mathematics and learning disabilities. Journal of Learning Disabilities, 37, 4-
15.

Gersten, R., Darch, C., Davis, G., & George, N. (1990). Apprenticeship and intensive training of
consulting teachers: A naturalistic study. Exceptional Children, 57(3), 226-237.

Gersten, R., Chard, D., & Baker, S. (2000). Factors enhancing sustained use of research-based

instructional practices. Journal of Learning Disabilities, 33 (5), 445-57.



Promoting Positive Math Outcomes 35

Gersten, R.H., Chard, D.J., Jayanthi, M., Baker, S., & Lee, D. (2006). A meta-analysis of
research on mathematics interventions for elementary students with learning disabilities.
Manuscript under review.

Gersten, R., & Dimino, J. A. (2001). The realities of translating research into classroom practice.
Learning Disabilities Research and Practice, 16, 120-130.

Gersten, R., Jordan, N.C., & Flojo, J. R. (2005). Early identification and interventions for
students with mathematics difficulties. Journal of Learning Disabilities, 38, 293-304.

Gersten, R., Morvant, M., & Brengelman, S. (1995). Close to the classroom is close to the bone:
Coaching as a means to translate research into classroom practice. Exceptional Children,
62, 52- 66.

Greenwood, C. R. (1991). Longitudinal analysis of time, engagement, and achievement in at-risk

versus non-risk students. Exceptional Children, 57, 521-535.

Harris, C. A., Miller, S. P., & Mercer, C. D. (1995). Teaching initial multiplication skills to
students with disabilities in general education classrooms. Learning Disabilities Research
and Practice, 10, 180-195.

Hill, H. C., Rowan, B., & Ball, D. L. (2005). Effects of teachers’ mathematical knowledge for
teaching on student achievement. American Educational Research Journal, 42(2), 371-
406.

Johnston, J., Knight M., Miller L. (2007). Finding time for teams. Journal of Staff Development
28 (2), 14-18.

Joyce, B. R., & Showers, B. (2002). Student achievement through staff development. Alexandria,

VA: Association for Supervision and Curriculum Development.



Promoting Positive Math Outcomes 36

Ketterlin-Geller, L. R., Chard, D.J., & Fien, H. (2008). Making connections in mathematics:
Conceptual mathematics intervention for low-performing students. Remedial and Special
Education, 29, 33-45.

Kinder, D., & Stein, M. (2006). Quality mathematics programs for students with disabilities. In
M. Montague & A. K. Jitendra (Eds.), Teaching mathematics to middle school students
with learning disabilities (pp133-153). NY: Guilford.

Knight, J. (2005). A primer on instructional coaches. Principal Leadership, 5(9), 16-21.

Kroesbergen, E.H., & Van Luit, J.E.H. (2003). Mathematics interventions for students with
special educational needs: A meta-analysis. Remedial and Special Education, 24, 97-114

Lalley, J. P., & Miller, R. H. (2006). Effects of pre-teaching and re-teaching on math
achievement and academic self-concept of students with low achievement in math.
Education, 126, 747-755.

Lau, M.Y ., Sieler, J. D., Muyskens, P., Canter, A., VanKeuren, B., & Marston, D. (2006).
Perspectives on the use of the problem-solving model from the view point of a school
psychologist, administrator, and teacher from a large midwest, urban school district.
Psychology in the Schools, 43(1), 117-127.

Little, M. E., & Houston, D. (2003). Research into practice through professional development.
Remedial and Special Education, 24, 75-87.

Lou, Y., Abrami, P. C., Spence, J. C., Poulsen, C., Chambers, B., & D’Apollonia, S. (1996).
Within-class grouping: A meta-analysis. Review of Educational Research, 66(4), 423-
458.

Ma, L. (1999). Knowing and teaching elementary mathematics. Mahwah, NJ: Lawrence Erlbaum

Associates.



Promoting Positive Math Outcomes 37

Mabbott, D., & Bisanz, J. (2008). Computational skills, working memory, and conceptual
knowledge in older children with mathematics learning disabilities. Journal of Learning
Disabilities, 41(1), 15-28.

Metzler, C. W., Biglan, A., Rusby, J. C., & Sprague, J. R. (2001). Evaluation of a comprehensive
behavior management program to improve school-wide positive behavior support.
Education and Treatment of Children, 24, 448-479

Miller, S. P., Butler, F. M., & Lee, K. (1998). Validated practices for teaching mathematics to
students with learning disabilities: A review of the literature. Focus on Exceptional
Children, 31(1), 1-24.

Montague, M., & Applegate, B. (2000). Middle school students’ perceptions, persistence, and
performance in mathematical problem solving. Learning Disability Quarterly, 23, 215-
227.

Moss, M., Jacob, R., Boulay, B., Horst, M., & Poulos, J. (2006). Reading First implementation
evaluation: Interim report. Washington: U. S. Department of Education Office of
Planning and Program Studies Service.

Mullis, I. V. S, Martin, M. O., Gonzalez, E. J., & Chrostowski, S. J. (2004). TIMSS 2003
international mathematics report: Findings from IEA’s Trends in International
Mathematics and Science Study at Fourth and Eighth Grade. Boston, MA: International
Association for the Evaluation of Educational Achievement. Available:

http://timss.bc.edu/PDF/t03_download/TO3SINTLMATRPT.pdf

National Center for Educational Statistics. (2003). The nation’s report card: Mathematics 2003.
U. S. Department of Education. Available:

http://nces.ed.gov/pubsearch/pubsinfo.asp?pubid=2004451



Promoting Positive Math Outcomes 38

National Center for Educational Statistics. (2007). The nation’s report card: Mathematics 2007.
U. S. Department of Education. Available:

http://nces.ed.gov/pubsearch/pubsinfo.asp?pubid=2007494

National Institute of Child Health and Human Development. (2000). Report of the National
Reading Panel. Teaching children to read: An evidence-based assessment of the scientific
research literature on reading and its implications for reading instruction (NIH
Publication No. 00-4769). Washington, DC: U.S. Government Printing Office.

National Mathematics Advisory Panel. (2008). Foundations for Success: The Final Report of the
National Mathematics Advisory Panel, U.S. Department of Education. Available:
http://www.ed.gov/about/bdscomm/list/mathpanel/report/final-report.pdf

Organisation for Economic Co-operation and Development. (2004). Learning for tomorrow's
world — First results from PISA 2003. Available:
http://www.pisa.oecd.org/document/55/0,3343,en 32252351 32236173 33917303 1 1_
1 _1,00.html

Organisation for Economic Co-operation and Development. (2007). Executive summary PISA
2006. Science competencies for tomorrow’s world. Available:

http://www.pisa.oecd.org/document/2/0,3343.en_32252351 32236191 39718850 1 1 1

1,00.html

Pearson Education, Inc. (2008). AIMSweb Progress Monitoring and Response to Intervention
System. [Computer software]. Upper Saddle River, NJ: Pearson.
Peele, L. L. (1998). Double-dose: A viable instructional alternative. NASSP Bulletin, 82, 111-

114.



Promoting Positive Math Outcomes 39

Prawat. R. S. (1989). Promoting access to knowledge, strategy, and disposition in students: A
research synthesis. Review of Educational Research, 59(1), 1-41.

Prychodzian, A. M., Marchand-Martella, N. E., Martella, R. C., & Azim, D. (2004). Direct
Instruction mathematics programs: An overview and research summary. Journal of
Direct Instruction, 4(1), 53-84.

Reys, B. J., Reys, R. E., & Chavez, O. (2004). Why mathematics textbooks matter. Educational
Leadership, 61(5) 61-66.

Rosenshine, B., & Stevens, R. Teaching functions. (1986). In M.C.Wittrock (Ed.), Handbook of
research on teaching (3rd ed.) (pp. 376-391). NY: Macmillan.

Schaughency, E., & Etvin, R. (2006). Building capacity to implement and sustain effective
practice to better serve children. School Psychology Review, 35, 155-166.

Schmidt, W., Houang, R., & Cogan, L. (2002). A coherent curriculum: The case of mathematics.
American Educator, 26(2), 10-26.

Schmidt, W. H., Tatto, M. T., Bankov, K., Blomeke, S., Cedillo, T., Cogan, L., Han, S. I,
Houang, R., Hsieh, F. J., Paine, L., Santillan, M., & Schwille, J. (2007). The preparation
gap: Teacher education for middle school mathematics in six countries. East Lansing,
MI: MSU Center for Research in Mathematics and Science Education. Available:

http://usteds.msu.edu.

Shapiro, E., Edwards, L., & Zigmond, N. (2005). Progress monitoring of mathematics among
students with learning disabilities. Assessment for Effective Intervention, 30(2), 15-32.
Slavin, R. E. (1987). Ability grouping and student achievement in elementary schools: A best

evidence synthesis. Review of Educational Research, 57, 293-336.



Promoting Positive Math Outcomes 40

Slavin, R. E., & Karweit, N. L. (1985). Effects of whole class, ability grouped, and
individualized instruction on mathematics achievement. American Educational Research
Journal, 22, 351-367.

Snider, V. E. (2004). A comparison of spiral versus strand curriculum. Journal of Direct
Instruction, 4, 29-40.

Snider, V. E., & Crawford, D. (2004). Mathematics. In N.E. Marchand-Martella, T. A. Slocum,
& R. C. Martella (Eds.), Introduction to direct instruction (pp.206-245). Boston, MA:
Pearson/Allyn and Bacon.

Stein, M., Kinder, D., Silbert, J., & Carnine, D. W. (2006). Designing effective mathematics
instruction. A direct instruction approach. Upper Saddle River, NJ: Pearson/Merrill
Prentice Hall.

Stein, M. L., Stuen, C., Carnine, D., & Long, R. M. (2001). Textbook evaluation and adoption
practices. Reading and Writing Quarterly, 17 (1), 5-23.

Walker, H. M., & Shinn, M. R. (2002). Structuring school-based interventions to achieve
integrated primary, secondary, and tertiary prevention goals for safe and effective
schools. In M. R. Shinn, H., M. Walker & G. Stoner (Eds.), Interventions for academic
and behavior problems: Preventive and remedial approaches (pp. 1-27). Bethesda,
MD: National Association of School Psychologists.

Wanzek, J., & Vaughn, S. (2008). Response to varying amounts of time in reading intervention
for students with low response to intervention. Journal of Learning Disabilities, 41,

126-142.



uonoNIsuy 2y wnfmILLIN *7H

(s1uowssasse Juriojruow ssardold 9100s pue 1o)stutwpe A[qerjal o3 J1oddns Juoroijyns SUIAIDDAL SIAYOBI) 1Y
JUDWISSISSY 1D

SPIJIN SUIUIBL], IAIISU] *D)
ywwdoaAd( [euoIssajord Il

{SIUAPNIS ¢ ISL], 0} PAIBOO[[E YIeW Ul UOIJONIISUL JOJ QW) JUIOLIINS S|
gurdnouan) 2 dwir], :S9[qeLIRA uoneziuesi() ‘g

{,7-191) UI SJUOPN]S JO SPAaU JY) Jo9W 0} PAIJIPOUL Udq S[BLISJBW 9100 IABH
‘S[BLIdJBW WIN[NILLIND SUIAJIpowW pue SUnen[BAd ‘Sur}ddds J0J sanpadoad °7d

(SIUOPMIS [ IO JO SPAaU Y} 190U 0} A[JUSIOIJNS PAINIONIS UONINIISUI PUB S[BLIQJBW ATy
JIL, Yory J10j S[ELId)BIAl WN[NILLIND) *Ig

uoneziuegiQ) pue s[eLI)eN ‘g
UOIINISUJ PUE WN[NILLIND) 0

jureadoad 2109 ay3 Ul syuapNIS | AL, I0J PAYSI[GRISd Uddq (saping Furoed) s[eo3 938IDA0 JUIUOD IABH
198819400 JUIJUOI JO JUIWSSISSY VY

(S[eLIdJBW [[B UI ¢ pUe 7 SIOL] Ul S)Udpn3s
1oy sjurod Sunue)s aUIULIAIIP 03 JBIK [0OYIS Y} JO Suruurdaq Y} 8 PAISIUIPE SJUAWSSISSE Judwdde[d ary
JUIWISSASSY dY13ds-wea30ad €V

(Ssa1301d A10308JS1)ES SUIRW J0U I8 SJUIPMIS UYM IJAO0ISIP 03 y3noud Ajyuanbaiy
POIQISIUIWIPE SJUIWISSISSE ISAY) I8 PUR JBIA [00YDS A} SULINP PAI)SIUIWPE SJUAWSSISSE Furrojruowr ssaigord ary

SULIOJIUOJA] $S9130.4J TV

(A[IUDISISUOD S[QAJ] 9perIS INOYSNOIY) PIIASIUIWPE SUID] SJUIWSSISSE JIBWIYOUI] ALY
JJUIUISSISSY NJIBWYIUdY IV

SIINSBITA] AUBULIOIdJ JUIPN)S Y
JUIWISSISS Y ‘I

K10)udAU] (SJIA) SUIAJOS WA[(O.IJ SINBWAYIBIA 9Y) wioa) suonsang) Jo sojdwexy 1 9a4n31



‘sjr0ddns 1o1Aey9q 2An3Isod Furpuowsdwr ur Suryoros sseo-ul Arjenb-y31y SUIAIODAI SJUL)ISISSE PUE SIdYOBI) [[€ oIy
gurgoeo)) eaoiAeydq ‘zd

(STelaew
wnnoLumd pajdope A[mau uo Suryorod [euOnONIISUL SSe[o-ul AJijenb-y3Iy SurA100a1 s)UBISISSE PUB SISYIEBI] [[B 1Y
guryoeo)) reuondnaysuy “1q

SP3dN surydeo)) sse[D-U[ ‘q

(ssa13oad
10 douewIo}1ad Juopnys djenbapeur Jo swd[qoid dAJ0s 03 sue[d uoroe UFISAP 03 SWed) J0J ISIX saInpadoxd o
uonezinn ejeq ‘€O

(swerdord uonjuoardul pue Arejudwdddns oy
yoed} 03 way) aredard 01 Surures; 99IAISS-UT JUIIOLJNS PIAIIIAI JABY SJUR)SISSE PUB SIOYOIB) [[B dABH



Suryoeoo [e1o1ABYQq SSR[O-U] "7 [
Suryoeoo [euonONNSUL SSB[O-U] "[ ([
SPIaN Surydro) sse[d-uf *q

UONIRZI[I) ) BIB(] — 9OIAIISU] "€ [
UOIjoNI)Sul

29 WN[NOLLIND) — SJTAIASU] "Z7D[ ]

JUQWISSASSY — QIIAISU] "[D[ ]

SPI9N SUIUIBL], IIAIISUT *D)

Surdnoi3

29 Jwn :S9[qeLIeA [euonezZIue3iO) ‘¢g]
S[eLIdJEW WN[NOLLIND SUIAJIpOW pue

3uneneAd ‘3undafas 10J SAINPA0IJ 7|

121} YOBD J0J S[eLIdjeW WN[NOLLIN) "[g [

uoneziuesi() 2 S[ELIIBA g

03BIOA0D JUSIUOD JO JUSWISSISSY “HV [ ]
JUSWISSAsSe OJ10ads-weI3old ¢V
Suuojuow ssa1301d TV
JUOWISSISSE YIewyoudyg [V
SIINSEBIJA] AIUBULIOLIdJ JUIPN)S "V

judwdo[aAd( [euoIsSSdjoid ‘TII

uondNIsuy 2» WNMILLIND °I[

JUIWISSISSY °[

‘PIPIIU 9q ABW UON)IE UL JIIYM BIIR YIrd Ul $31d0o) [[& YI3Yyd ‘A10judAu] SJJA 2Y) WO} Bjep uo paseq

pareaI) (g

:[9A9T 9peIn)/[00YdS

O[] pue dweN

w0 Arewuing

£10)udAU] (SIA) SUIA[0S WR[qOI] YIBIA

7 an31




LUonONIISUL YIIM PAuSI[e AJ[nJoIed sjudwissasse wergord-ur oy a1y )

{UONBIPAWAI IO UOTIBID[IIIE JOJ SUOHIBPUIUWIIOIAI IpN[dul sjudwssasse weirdord-ur oq g

(swrod Sunae)s snotrea 10y suondo yirm 3593 Juowaoed e spnjour werdord oy se0(q YV
JUIWISSASSY ‘11

{MAIAI dAB[NWND 10J pIapnjoul s9[dwexd a1y

(papnjour so[dwexd UONBUIWLIOSIP A1y

juononisur 10J papraoad sajdwexs ajenbape a1y a1y

(A391e18 93 03 Jo11d Jy3ne} S[[I3s JudUOdWOd [BINILID ATy

({PeOIQ 00} JOU MOLIBU 00} JOYIIOU—[qezI[erdudsd A[djerrdordde sa1gajens oy a1y
jureadoad ayp ur jy3ne) Aprordxa sa13ajens ary

$9139je.)§ [eUONINDSUT I]

<odUAEE

,ug1sap puens 1o [ends € Suisn paziuedio weidord oY) |

Juononnsur Surajos-wd[qoid pue uononnsur uoneINdwod UM JoUL[Eq © 91U} S|
ysney A1snoradid asoy) yim pajer3ajur sar3ajen)s ysney A[mau a1y

({SIOTABUQ(Q JUIPNIS J[qBAINSBIW [JIM SIAII2[qO apn[oul suossa| oy} oq

<pduA

u3Isd( WeIdoad [eIUID) ‘|

uoneneA ] WNNILLIND) SONBWIYIRA *€ IS




