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Introduction

Introduction to Assisting Students Struggling with Mathematics:

Intervention in the Elementary Grades

National Assessment of Educational Progress
(NAEP) scores indicate that students who
struggle do not experience the same growth in
mathematics performance as higher-achieving
students. In 2019, students at the 10" percentile
showed significantly worse performance than
a decade ago while the highest performing
students demonstrated significant growth.!
The growth of students at the 25™ percentile
remained stagnant. These data suggest that
students with difficulties learning mathematics
are falling even further behind their peers.

Recent intervention research has demonstrated
success in raising the achievement level of
students who are struggling with mathematics.
This practice guide, developed by the What
Works Clearinghouse™ (WWC) in conjunction
with an expert panel, distills this contemporary
mathematics intervention research into easily
comprehensible and practical recommendations
for teachers to use when teaching elementary
students in intervention settings. Two

federal laws, the Elementary and Secondary
Education Act (ESEA)? and Individuals with
Disabilities Education Act IDEA), require use of
instructional practices supported by evidence.
The recommendations presented in the guide
address these laws by translating the body of
high-quality evidence into actionable practices
for teachers to use with their students. Although
this guide is an update of the 2009 guide,
Assisting Students Struggling with Mathematics:
Response to Intervention (RtI) for Elementary and
Middle School,? it is narrower in scope, focusing
only on practices and principles underlying
effective small-group interventions in grades
K-6. In contrast, the earlier guide was a broad
overview of multi-tiered systems of support
(MTSS) in mathematics—then typically referred to
as Rtl—a data-driven, systemic, problem-solving
framework that helps educators provide core
instruction, screening, intervention, progress
monitoring, and support for students with
various need. It also included grades 7 and 8.

See the Glossary for a full list of key terms used in this guide and their definitions. These terms
are underlined and hyperlinked to the glossary when first introduced in the guide.

We narrowed the focus for this update for three
reasons. First, MTSS is more widely used than
when the original guide was published,* and a
broad overview to facilitate implementation of
MTSS was no longer necessary. Therefore, topics
such as progress monitoring, screening, and
motivation, though important, are not included
in this guide.

Second, the field experienced a dramatic rise in
research on mathematics interventions, so we are
now able to focus on evidence-based instruction
in intervention settings for students at risk for

or with disabilities. Historically, mathematics
intervention research has received far less
energy and funding than reading intervention
research. Yet, over the past 10 to 15 years,

this discrepancy has begun to change. More
experimental studies have been conducted to
build the evidence base on effective intervention
practices. Additionally, interventions have
focused on more challenging topics, sometimes
including critical mathematics topics from
grade-level standards to improve student access
to the same content as classroom peers and
glean greater meaning from their core classes.

WWC 2021006
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Third, we limited the scope to grades K-6. This
was done because the updated research focused
primarily on grades K-6. The panel felt limiting
the guide’s scope to grade levels where the bulk
of the research existed provided stronger support
for the recommendations.

The practices that appear in this guide’s six
recommendations highlight effective approaches
to mathematics intervention that meet the
needs of the students in small-group or one-
on-one settings. Each of these practices move
students toward more fluent performance of
mathematics. Recommendation 1 (Systematic
Instruction) provides specific instructional and
intervention design features that represent

the backbone of effective interventions.
Recommendations 2 through 6 focus on

more specific practices. Recommendations 2
and 4 (Mathematical Language and Number
Lines) reflect evidence from recent advances
and provide support for some changes in
contemporary state standards since the

original guide, Assisting Students Struggling with
Mathematics: Response to Intervention (RtI) for
Elementary and Middle School,’ was published in
2009. Recommendation 3 (Representations),

Box 1. Levels of evidence

Introduction

Recommendation 5 (Word Problems), and
Recommendation 6 (Timed Activities), were
included in the 2009 guide. In contrast to how
they were presented a decade ago, this updated
guide frames them differently and highlights new
evidence and ideas for intervention.

Using Evidence to Develop the
Recommendations

This practice guide grounds the six recommendations
in high-quality evidence-based research studies
focused on mathematics intervention. Each
recommendation includes features of intervention
and/or instructional practices, with guidance

on how to implement them, advice on how

to overcome potential obstacles, and a short
summary of the research evidence that supports
the recommendation.

After considering the evidence, the expert panel
and the WWC drafted recommendations and
assigned a level of evidence to each.

The recommendations and the panel’s strength
of evidence assessment are shown in Table 1.

Strong: There is consistent evidence that meets WWC standards and indicates that the practices
improve outcomes for a diverse student population.

Moderate: There is some evidence meeting WWC standards that the practices improve student
outcomes, but there may be ambiguity about whether that improvement is the direct result of the
practices or whether the findings can be replicated with a diverse population of students.

Minimal: Evidence may not meet standards or may exhibit inconsistencies, but the panel
determined that the recommendation must be included because the intervention is based
on strong theory, is new and has not yet been studied, or is difficult to study with a rigorous

research design.

More detailed information can be found in Appendix A and Appendix C.

WWC 2021006
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Introduction

Table 1. Recommendations and corresponding levels of evidence

Practice Recommendation

Level of Evidence

Minimal Moderate Strong

1. Systematic Instruction: Provide systematic instruction during

v

intervention to develop student understanding of mathematical ideas.

2. Mathematical Language: Teach clear and concise mathematical
language and support students’ use of the language to help v
students effectively communicate their understanding of

mathematical concepts.

3. Representations: Use a well-chosen set of concrete and semi-concrete
representations to support students’ learning of mathematical v

concepts and procedures.

4. Number Lines: Use the number line to facilitate the learning of

mathematical concepts and procedures, build understanding

v
of grade-level material, and prepare students for advanced
mathematics.
5. Word Problems: Provide deliberate instruction on word problems
to deepen students’ mathematical understanding and support their v
capacity to apply mathematical ideas.
6. Timed Activities: Regularly include timed activities as one way to build v

fluency in mathematics.

Who Might Find This Guide Useful

This guide is designed to be used by teachers
providing mathematics intervention to students
who are struggling. This professional group
includes special educators, mathematics general
education teachers, mathematics specialists, and
mathematics coaches. The recommendations
outline evidence-based practices that can help
teachers tailor their instructional approaches
and/or their mathematics intervention programs
to meet the needs of their students—that

is, students with or at risk for mathematics
disabilities who may also have reading,
language, attention, behavior, working

memory, or processing-speed difficulties. The
guidance provided in these evidence-based
recommendations may also be useful to school,
district, or state personnel involved in adopting
intervention curricula for their schools, and

to parents to understand what mathematics
assistance might be helpful for their children.

How to Use This Practice Guide

The panel suggests that the practices
recommended in this guide be used in
combination to help students achieve the
strongest outcomes. Users of this guide are
encouraged to use the advice provided in ways
that best fit the varied lessons and contexts in
which they work.

For each of the six recommendations, we include
the following:

 Recommendation: Each recommendation
includes details about the recommended
practice and a summary of the evidence.
Appendix C contains a detailed rationale for
the Level of Evidence with supporting details
from individual studies.

¢ How to carry out the recommendation:
The “how-to steps” include the bulk of the
guidance for teachers and other educators on

WWC 2021006
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Introduction

how to implement the recommended practice. give the reader ideas for implementing the
This guidance is informed by the body of recommendation. Examples are not intended
studies contributing to that recommendation to endorse specific products for purchase.

in concert with the panel’s expertise and
knowledge of mathematics instruction and
intervention. Examples are included to

e Potential obstacles/roadblocks: The panel
offers guidance for addressing potential
challenges to implementation.

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Introduction | 4



Recommendation 1: Systematic Instruction

Provide systematic instruction during intervention to develop student

understanding of mathematical ideas.

Introduction

Effective interventions for improving the
mathematics achievement of students with
mathematics difficulties share one key feature:
the design of the curricular materials and the
instruction provided are systematic.® The term
systematic indicates that instructional elements
intentionally build students’ knowledge over
time toward an identified learning outcome(s).”
Systematic intervention materials are designed
to develop topics in an incremental and
intentional way, and the instruction provided
supports student learning.® This approach
specifically addresses the needs of students who
are struggling.®

Systematically designed interventions

most often include a “bundle” of practices
used to build and support student learning
strategically.'® These practices and design
features appear in other recommendations.
For example, reviewing and integrating
previously and newly learned content is
highlighted in Recommendation 5 (Word
Problems); incrementally building knowledge
is illustrated in Recommendation 3
(Representations), Recommendation 4
(Number Lines), and Recommendation 5
(Word Problems); and providing adequate
supports for students to learn and understand
new concepts and procedures is highlighted in
Recommendation 2 (Mathematical Language)
and Recommendation 3 (Representations).
Regardless of the intervention’s focus, these
aspects of instructional design are critical for
supporting student learning.

The WWC and the expert panel assigned a
strong level of evidence to this recommendation

based on 43 studies of the effectiveness of
systematic intervention design features and
systematic instruction.!! Thirty-two of the
studies meet WWC group design standards
without reservations,'? and 11 studies meet WWC
group design standards with reservations.” See
Appendix C for a detailed rationale for the Level
of Evidence for Recommendation 1.

This recommendation highlights an overarching
set of instructional features that form the
backbone of effective, systematic interventions.
This section describes strategies, examples,

and tools that instructors can use to implement
effective systematic interventions.

How to carry out the
recommendation

1. Review and integrate previously learned
content throughout intervention to ensure
that students maintain understanding of
concepts and procedures.

The panel recommends that interventions
include systematic review of content by
including a mix of previously and newly learned
material within and across lessons. Review
relevant previously taught material before
introducing new, related content within and
across lessons. Help students understand the
link between the previous content and the new
content they are learning."* Present students with
opportunities to think about or solve familiar
types of problems. During this review, students
can explain what they know about a topic, or they
can solve problems. Review can be completed
individually or while working with a small

group or a partner (see Recommendation 2 on
Mathematical Language).

WWC 2021006
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Regularly present a variety of problems that
require students to discriminate among problem
types (see Recommendation 5 on Word
Problems and Recommendation 6 on Timed
Activities). This practice avoids having students
overgeneralize new concepts or procedures to
previously learned material.s For example, once
regrouping has been introduced with double-
digit subtraction, include some problems that
do not require regrouping, so students do not
overgeneralize regrouping to all problems.
When fraction multiplication and division are
introduced, continue to include previously
covered fraction addition and subtraction
problems throughout intervention. In doing
this, students learn to discriminate when they
do not need to find an equivalent fraction as in
the case of fraction multiplication, from when
they do, as in the case of addition, subtraction,
or division of fractions when the denominators
are not the same.

Mathematical ideas are complex, and virtually
all learners need to use, discuss, and explain
the ideas multiple times over a long period of
time to understand them.!® Provide students
with opportunities to use and explain previous
or newly learned mathematics concepts or
procedures throughout the allotted time for
intervention. So that students remain actively
engaged during all parts of intervention, avoid
saving these opportunities for discussion until
the end of each lesson.

2. When introducing new concepts and
procedures, use accessible numbers to
support learning.

Use numbers that are easy for students to
understand and work with during initial
instruction.”” When teaching a new concept or
procedure, use single-digit or easy-to-understand
numbers so that students can focus on the new
concept or procedure rather than on difficult
calculations. For example, when teaching
students to find equivalent fractions, first work
on equivalencies to unit fractions. Start with
fractions equivalent to one-half, one-third,

Recommendation 1

and one-fourth that are familiar and accessible
to students. Use a concrete representation or
a number line (see Recommendation 3 on
Representations and Recommendation 4 on
Number Lines for more details). A concrete
representation or a number line can help
students visualize the equivalence as they
compare two-fourths to one-half, two-sixths

to one-third, and two-eighths to one-fourth.
When students have a grasp of the concept,
systematically add other fractions to prevent
students from overgeneralizing that equivalencies
are only applicable to unit fractions.

3. Sequence instruction so that the
mathematics students are learning builds
incrementally.

Present mathematics concepts in a cohesive and
logical way. Introduce concepts strategically so
that the new learning relates to concepts taught
previously. In the opinion of the panel, lessons
taught on topics in isolation should be avoided
during intervention. Instead, lessons should be
connected day-to-day and across units of study
to build toward specific learning outcomes.
This carefully planned, intentional sequence

of instruction capitalizes on prior learning

and ensures that students have the knowledge
necessary to learn new content effectively.!®

Focus lessons on smaller tasks needed to solve
complex problems before pulling it all together.
This may apply to highly procedural multi-

digit computation problems, or when teaching
students to understand and solve word problems.
In the view of the panel, the key to building
knowledge in this incremental way is to help
students become comfortable with smaller
subtasks of problem solving so they can eventually
connect them to solve complex problems.

One way to do this is to use worked-out
examples as a way to focus on smaller tasks.
Strategically exclude steps in a worked-out
example and ask students to provide those steps
until they become more comfortable with the
procedures in solving problems. Additional,

WWC 2021006
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specific ways to build knowledge incrementally
in word problem solving is provided in
Recommendation 5 (Word Problems).

4. Provide visual and verbal supports.

At the heart of all interventions for students who
struggle with mathematics are efforts to support
student learning.!® This can be done using visual
and verbal supports.

Verbal supports may include teacher prompting
or questioning to help students attend to

and remember the connections between
prior learning and the new mathematics they
are doing. These verbal supports may be
accompanied by a visual which could include
a gesture or a concrete or semi-concrete
representation. A visual may also include a
picture or diagram to be used as a “hint” for
a next step or as a reminder to think about a
certain concept.

Each recommendation in this practice guide
offers specific approaches for supporting student
learning visually and verbally. For example,

the word wall offered in Recommendation 2
on Mathematical Language supports students

in providing explanations of the mathematics.
Recommendation 3 (Representations) and
Recommendation 4 (Number Lines) offer
detailed explanations of how to help students
visualize the mathematics concepts they are
learning. Recommendation 5 (Word Problems)
describes the use of strategic prompt cards that

support students in completing complex problems.

5. Provide immediate, supportive
feedback to students to address any
misunderstandings.

If students are not able to explain their
understanding of key mathematics concepts or
do not execute procedures correctly, provide

Recommendation 1

them with immediate feedback. When students
are solving problems, encourage them to
articulate their thinking so that you can identify
their strengths. Ask probing questions to
identify any misconceptions and build on their
strengths to correct those misunderstandings.
Structure questions in such a way as to help
students self-identify where their thinking went
wrong. It might be helpful for students to use
representations (see Recommendation 3 on
Representations) to help them articulate what
they are thinking. Correcting misunderstandings
early can prevent the confusion from becoming
an enduring problem.2? Tailor feedback to
individual students, unless more than one
student in a small group setting is struggling
with the same misunderstanding.

Example 1.1 depicts one way to address all
the steps in this recommendation. Terms in
the example that demonstrate steps in this
recommendation are bolded.

In this example, the learning outcome that

has been identified for the small group of 3-6
students is multi-digit division. The equal-sized
groups model of multiplication and division has
been built incrementally and intentionally over
multiple lessons using correct mathematical
language and visual representations. Students
have demonstrated understanding of the equal-
sized groups model and how it relates to both
multiplication and division. Now, the students
are ready to learn how to apply this model

to solve multi-digit division problems. The
teacher plans to launch her lesson by reviewing
students’ prior knowledge of multiplication
and division concepts to lead into the lesson on
multi-digit division.

WWC 2021006
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Example 1.1. Putting together the steps of Recommendation 1.

The teacher reviews what the students have previously learned about the equal-sized groups

model (also known as the “groups of” or repeated subtraction model) and how it can be used to solve
multiplication and simple division problems. The teacher reminds students of fact families and the inverse
relationship between multiplication and division.

After explicitly reviewing what students know, the teacher asks a student to explain how the equal-
sized group model can be used to solve the problem 4 x 6. Because the student has recently practiced
solving multiplication and division problems with a visual representation, the student draws 4 circles with
6 dots in each and explains how she created 4 groups of 6 and skip counted to solve the multiplication
problem. If needed, the teacher is poised to prompt the student if she misses a key point and provide
corrective feedback. The teacher asks another student to solve and explain the problem 6 x 4.

4x6=24 6x4=24
4 groups of 6 items 6 groups of 4 items

The teacher asks another student to explain how the equal-sized group model can be used to solve the
division problem 24 divided by 6. The student draws 24 dots and puts them in equal groups of 6 dots.
The teacher helps the student explain how the problem can be solved by repeatedly subtracting
groups of 6 from 24 to find out how many equal groups of 6 are in 24. Notice that they record the number
of groups subtracted on the right side.

24+6=4 o1 _

12 =4 groups of 6

The teacher presents students with a variety of problems to solve with multiplication and division
fact families. The students practice solving the problems individually or with a partner. As students share
their solutions with the group, the teacher provides corrective feedback. \When the teacher hears or
observes a student missing a key point, the teacher asks guiding questions to support the students
with their explanations and support students’ use of mathematically accurate language.

The teacher builds on students’ prior knowledge by explaining that the same equal-sized group
model used to solve multiplication and related division problems can be used to solve division problems
with two-digit divisors. The teacher reminds the students that they are already familiar with the
equal-sized group model that they use to solve division problems with single-digit divisors. The teacher
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Recommendation 1

presents a worked-out example of a multi-digit division problem that has been solved using the equal-
sized group model using repeated subtraction. The problem uses groups of 12 in the solution strategy
that are chosen according to known multiplication facts, numbers that are familiar and accessible

to the students. The teacher explains each step of the solution strategy and the reasoning behind the
steps taken.

27
12)324 How many
—120 — 10 groups of 12 groups of 12
204 are in 3247
—120 — 10 groups of 12
84
— 60 — 5 groups of 12
24
— 24 — 2 groups of 12
0
10+ 10+ 5+ 2 =27 groups of 12
Here’s what it looks like when students
understand the process and record the
number of groups subtracted.
27
12 ) 324
-120 10
204
-120 10
84
— 60 5
24
- 24 + 2
0 27

For the next worked example, the teacher asks students to help explain each step of the solution
strategy. The teacher leads several examples, asking students to help solve the problem and
discuss their thinking process with the rest of the group. The teacher prompts students or asks guiding
questions to help the students engage in the problem solving for each problem they solve together.
Students are asked to share the reasoning for the strategies they are using and the answers they give.

The teacher asks students to solve multi-digit division problems using accessible numbers with a
partner. The teacher listens to each discussion and observes the recording of the process, providing
corrective feedback and prompts as necessary.

The teacher includes more difficult problems in subsequent lessons as the students gain
confidence and competence in the equal-sized group model to solve multi-digit division problems

through repeated subtraction.
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Potential Obstacles and the
Panel’s Advice

OBSTACLE: “I don’t have access to an
intervention curriculum in my school. Are you
saying I should create my own materials or locate
free materials? How do I know if the resources I
create or find are systematic?”

PANEL’S ADVICE: The panel is not suggesting
teachers create materials that align with the

steps in this recommendation. Instead, the

panel suggests using these steps as guidelines for
evaluating curricula to adopt. Finding materials on
your own may be difficult. Work with a team (such
as a mathematics coach and special educator)

to look for materials that come with a scope and
sequence of instruction which build from one
lesson to the next to a learning outcome. Evaluate
the lesson scope and sequence to determine if
there are clear procedures for introducing new
content, ample opportunities for students to
respond, and built-in feedback procedures.

Recommendation 1

OBSTACLE: “I feel like there is so much to cover

at every grade level that choosing topics for more
intensive instruction and/or slowing down instruction
means I cannot cover all the grade-level material.
This feels like I am doing my students a disservice.”

PANEL’S ADVICE: Intervention is an
opportunity for students to build understanding
in the most critical grade-level topics. Students
are receiving intervention because they need
more time and more frequent work with an
adult to learn grade-level mathematics. Structure
the pace and topics in intervention in such a
way that promotes learning the mathematics
more deeply; this often means taking more
time.2! By collaborating, intervention teachers
and general mathematics teachers can ensure
that the intervention complements grade-level
mathematics instruction. In particular, teachers
can identify together what the students in
intervention need to work on and understand

in order to access grade-level content. Fractions
in grades 3 and 4, for example, can be difficult
for students and are critical for students to
understand for virtually all new mathematics
learning through middle and high school. For
students with Individualized Education Programs
(IEPs), the panel recommends that teachers make
sure to look at students’ specific goals to guide
instructional decisions.
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Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Recommendation1 | 10



Recommendation 2: Mathematical Language

Teach clear and concise mathematical language and support students’
use of the language to help students effectively communicate their
understanding of mathematical concepts.

Introduction

Mathematical language is academic language

that conveys mathematical ideas.?? This includes
vocabulary, terminology, and language structures
used when thinking about, talking about, and
writing about mathematics. Mathematical
language conveys a more precise understanding
of mathematics than the conversational

or informal language used every day to
communicate with others.?

Understanding mathematical language is critical
to students’ learning because it is used in
textbooks, curricular and assessment materials,
and teachers’ instruction.2* By providing
instruction on mathematical language, teachers

support students’ learning of subtle and complex
mathematical ideas.?® Focusing on mathematical
language during intervention also helps

students access the language used during core
instruction.? Therefore, developing students’
mathematical language is critical for their success
in mathematics,?” especially as the material gets
more complex.

Teachers and students can communicate more
clearly during class when they are both using
mathematical language.?® As teachers use

and model correct mathematical language,
their students hear how the words fit with

the mathematics they are learning and begin
to integrate this language into their own
explanations of the mathematics.?®

When teachers use conversational or informal language instead of mathematical language,
students may get confused. For example, some teachers may refer to the commutative property
(a+b=Db +a) as the “flip-flop property.” Although this creative property name may be viewed as
a fun memory device, replacing accurate terms with informal language such as this can cause
serious confusion later in the students’ schooling when other teachers do not use the “flip-flop
property” or when learners don’t know the connection to the correct formal term commutative
property. Using and practicing correct terminology from the start can eliminate later challenges.

Contemporary standards emphasize the need for
students to use precise mathematical language
when providing explanations of the mathematics.3°
By learning mathematical language, students will
be able to provide explanations of the decisions
they make while solving problems and will be
better equipped to construct logical arguments
when clarifying a solution strategy.3!

The WWC and the expert panel assigned a strong
level of evidence to this recommendation based

on 16 studies of the effectiveness of embedding
instruction in mathematical language throughout
interventions.3? Twelve of the studies meet WWC
group design standards without reservations,3?
and four studies meet WWC group design
standards with reservations.?* See Appendix C
for a detailed rationale for the Level of Evidence
for Recommendation 2.

This recommendation presents steps for
teaching mathematical language and supporting
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students in using mathematical language as they
communicate about mathematics. Include these
steps throughout the intervention curriculum.3®
Students in intervention settings will need
multiple exposures to mathematical language to
understand the terminology and begin to integrate
it into their vernacular.¢ This section describes
strategies, examples, and tools that can support
instructors in effectively embedding mathematical
language instruction in their interventions.

How to carry out the
recommendation

1. Routinely teach mathematical vocabulary
to build students’ understanding of the
mathematics they are learning.

Introduce new mathematical vocabulary during
instruction to provide context and meaning to
the words.?” Use student-friendly definitions
with simple and familiar mathematical words.*®
Link new vocabulary to a variety of examples
when possible, including concrete or semi-
concrete representations. In Example 2.1,

Recommendation 2

a graphic organizer pairs a new vocabulary
word, unit fraction, with its student-friendly
definition, characteristics, examples, and non-
examples. Use this type of graphic organizer
with any vocabulary word to visually and
symbolically depict the word’s meaning.3®

Simply providing a definition of a term is not
sufficient for developing students’ understanding
of mathematical vocabulary and concepts.*®
Deepen students’ understanding of the words by
connecting them to concrete and semi-concrete
representations. Hand gestures and role-playing
can also provide context and meaning to
mathematical vocabulary. The context provided
by representations, hand gestures, and role-
playing will help students better understand what
they are learning.* Example 2.2 demonstrates a
hands-on activity with concrete representations
(counters), to help students learn and
understand the meaning of the equal sign and
the word “equal.” Example 2.3 demonstrates a
role-playing activity to help students learn and
understand the meaning of “divide.”

Example 2.1. Graphic organizer that depicts a student-friendly definition, characteristics,
examples, and non-examples for the term unit fraction.

-

Definition

A unit fraction is when the numerator is 1 and
the denominator represents the number of
equal-sized parts in the whole.

Examples

FNPEN
A

~

Characteristics

= Numerator is always 1
= The fraction represents 1 part of the whole
= Used as the unit of measure for a whole

Non-Examples

Blw ——
—
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Example 2.2. Concrete representation used to build students’ understanding of the meaning of
equal and the equal sign symbol in early elementary school (grades K-2).

The teacher counts out 9 counters and 7 counters and lays them on the table in rows. She explains that
the two rows need to be equal and explains that equal means the same amount.

7 0000000 -
01000000000

Next, she writes out the mathematical notation that is represented, explaining that the 7 counters are
recorded as 7, the addition sign is recorded as +, the blank line represents an unknown value, the
equal sign shows that the quantities represent the same value, and the 9 represents the total amount.

7+ =9
The teacher asks, “How many counters do you need to add to 7 to equal 9?” Students add 2 counters to
the top row. Then, the students write 2 on the blank line.

Next, the teacher builds the idea of the equal sign by changing the number of counters in the two rows.
The teacher removes the two new counters from the top row and adds two counters to the group of 9 in
the bottom row.

7 0000000 ?
9+2 (000006006O6O6DOGOO

Then she writes the following equation.

She asks the students to point out where the 7, 9, and 2 counters are on the table. Then she asks
students how they might figure out how to make the two quantities in the two rows and on either side of
the equal sign the same value.

Students add 4 counters to the top row and write a 4 on the blank line. The teacher and students discuss
how the two rows have the same number of counters and that now both sides of the equation (on either
side of the equal sign) show the same amount.
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Example 2.3. Role-playing with hand gestures that teach the meaning of mathematical ideas

or vocabulary.

12 + 3=

Teacher: Look at this problem, twelve divided by three: 12 + 3. This problem asks us to divide 12 into 3
groups. To help us understand what it means to divide an amount of something into equal groups, let’s
pretend we are dividing a group of 12 apples among three families. We want to find out how many apples

each family will receive.

If we pretend that each paper plate is a basket for each family and each counter is an apple, how many
plates will we need? How many counters will we need?

Based on the problem, students should select 3 plates and 12 counters. The teacher asks guiding

questions if students need help.

Teacher: Now I'd like to you divide the counters among the 3 families.

The teacher shows students the action of divvying up the counters into the plates. Her gesture looks like
a dealer dealing out cards or more generally a hand motion that “gives” one item per basket until the
“apples” are all distributed equally. The teacher wraps up by counting the number of apples per family.

To support learning across grade levels and
settings, schools should consider creating a
shared list of mathematical terminology that
strategically becomes more sophisticated with
each grade.? A shared list can ensure that
teachers use consistent vocabulary and language

across intervention and core classrooms,
further supporting the learning of students
who receive instruction in both settings.*3
Table 2.1 depicts examples of precise
mathematical language that teachers may use
across grades and settings in a school.

Table 2.1. Example word list that can be used across settings in grades K—6 by all teachers in the school.*

Rather than using this term... Consider using this term...

Reduce

Borrowing or Carrying
Flat Shape or Fat Shape
Bigger, Smaller
Flip-Flop Property

Simplify

Regrouping

Two-Dimensional or Three-Dimensional Shapes
Greater Than, Less Than

Commutative Property

Note: This list is not comprehensive. It only contains a sample of words that might appear on a more comprehensive shared

list used in a school.

2. Use clear, concise, and correct
mathematical language throughout lessons
to reinforce students’ understanding of
important mathematical vocabulary words.

Use and emphasize clear, concise, and correct
mathematical language throughout instruction:
when referring to a new or previously learned
topic, when discussing homework, and when

responding to questions. It may take several
lessons for students to understand new
mathematical vocabulary and develop a deep
understanding of the mathematics connected
to the words.* Consistent use of mathematical
language helps students learn how the

terms should be used and develop a deeper
understanding of the terms.*6
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Model precise mathematical language a word problem. Her ongoing and repetitive use
when explaining your thought process and of the term helps reinforce the meaning of a
demonstrating how to solve a problem. In ratio and how the ratio in the problem provided
Example 2.4, the teacher uses the term ratio critical information for solving the problem.

while saying out loud her reasoning for solving

Example 2.4. Teacher using mathematical vocabulary when thinking aloud during mathematics
intervention in upper elementary (grades 3-6).

First, the teacher reads the problem out loud. During her think-aloud below, the teacher points to the work
she is doing as she talks so that students attend to the correct parts of each solution.

Vocabulary: ratio

Problem: Kesha likes to exercise. For every 8 minutes that she uses the exercise bike, she
does push-ups for 2 minutes. If she exercises for 30 minutes, for how many minutes does she
do push-ups?

Teacher: | see that the question wants me to figure out how many minutes Kesha spends doing push-
ups in 30 minutes of exercise. | use the ratio for minutes spent using the bike and minutes spent doing
push-ups. Remember, a ratio is a statement of how two numbers compare or relate to one another. The
problem gives a ratio for minutes spent using the bike and minutes doing push-ups. | am going to write
down the ratio for minutes spent exercising on the bike and minutes spent doing push-ups here. | create
a strip diagram that will include all 30 minutes of exercise.

8 min bike
2 min push-ups

Ratio

Exercise |
30 minutes |

Now | use the ratio. Because | am using a ratio, every time she spends 8 minutes exercising on

the bike, she spends 2 minutes doing push-ups. | write the ratio once on the strip to see how many
minutes she spent doing both activities. The first time she is on the bike for 8 minutes she then does 2
minutes of push-ups. Together that equals 10 minutes of exercise.

Ratio 8 min bike
2 min push-ups
2
1 8 min  miny
Exercise | 1
30 minutes | |
10min !
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Now | keep using the ratio until | get to 30 minutes of exercise. | add another 8 minutes of biking and 2
minutes of pushups. | check to see if I've reached 30 minutes yet. | have not.

Ratio 8 min bike
2 min push-ups
2 2
8 min [minyg 8 min [minyg
Exercise | | | |
30 minutes | |
10 min ' 10 min '

| use the ratio again and Kesha exercises 10 more minutes. Now | have 10 + 10 + 10. That is 30
minutes. Now | can use my recordings on the strip diagram to figure out how many minutes Kesha spent
doing pushups during 30 minutes of exercise. | can skip-count by 2s: 2, 4, 6. Now | write the answer;
Kesha did push-ups for 6 minutes.

Ratio 8 min bike
2 min push-ups
2 2 2
l 8 min minj 8 min  ymin, 8 min  ymin,
Exercise | | || |
30 minutes | | | |
I 10 min I 10 min I 10 min !
Some words may have more than one meaning equation. In this lesson, students learn that a
or are used in more than one context in product can have multiple factors, not just two
mathematics.#” Provide instruction in the factors. Understanding that a number can have
various ways words are used, using examples. multiple factors leads students to being able
In Example 2.5, the teacher leads an activity to find a common denominator for adding or
to expand students’ understanding of the terms subtracting fractions. This new understanding
factor and product. The students have already of “factor” also prepares students for finding the
learned that factors are the two numbers greatest common factor between two numbers.

multiplied to get a product in a multiplication
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Example 2.5. Teacher leads an instructional activity to broaden students’ understanding of the
terms factor and product.

The lesson below focuses on the vocabulary words factor and product. The teacher also uses other
correct mathematical language like multiplication and equal.

Teacher: Some multiplication problems ask us to multiply two numbers to find the product. The two
numbers we multiply are called factors. Today, | am going to give you a product and you need to find

the missing factor.
Product:

24

First, let’s try finding a missing factor with 24 as the product. | will give you the first factor. | know 24
is an even number, so | know that 2 can be multiplied by another number to get 24. That means 2 is a
factor of 24. Does anyone know what number times 2 would equal 24?

The teacher gives students time to respond and arrive at 12 as another factor of 24. If students are
struggling, the teacher may have students use 24 counters and group them into equal groups of 2 to show the
students that 2 times 12 equals 24. Teacher should write on the board as each factor is given by students.

Product:
24

Factors:
2x12

Teacher: Now | want you to work with a partner to find other factor pairs that can be multiplied to get a
product of 24.

Allow students time to work with partners.

Teacher: I'm going to ask each set of partners to give me two factors that when multiplied equal the
product of 24. We will continue until we have listed all the possible factors that equal the product of 24.

Students share their responses. As students respond, the teacher records the factors on the
whiteboard with 24 at the top, labeled product. If students need to use the counters in arrays to find
factors for 24, give them access to this support. Showing the different arrays on a document camera
or in a small group can help students see the patterns of the factors. If using counters to create these
arrays, emphasize that there are always 24 counters, and counters are not being added or taken away
when constructing the different arrays for the product 24. Written on the whiteboard is:

Product:
24

Factors:
2x12 6x4 8x3 12x2 4x6 24x1 3x8 1x24

Teacher: Remember, the two numbers that are multiplied to get a product are called factors. Let’s list
each factor for 24 one at time in numerical order so we know which numbers are factors of 24. The
factors are: 1, 2, 3,4, 6, 8, 12, and 24.

Factors for 24:

1,2,3,4,6,8,12, 24
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3. Support students in using mathematically
precise language during their verbal
and written explanations of their
problem solving.

Have students provide verbal and written
explanations of mathematics concepts

during intervention to help them develop

key mathematical insights. Explaining their
work provides students with opportunities to
communicate their mathematical understanding
using newly learned vocabulary and also

allows teachers to check for understanding and
provide immediate corrective feedback.*®

Students will likely need support to explain
their thinking using mathematical language.*?
Offer students a framework for providing

Recommendation 2

explanations, such as sentence starters or a

set of guiding questions. It is also helpful for
teachers to restate the students’ explanations
using correct language when students do not.>°
In Example 2.6, the teacher asks a student
guiding questions using precise mathematical
terminology while the student explains

his own thinking. During the discussion of
their solution methods, one student, Kerry,
explained his thinking to the other students in
the intervention group. The teacher provided
clarifying questions and restated Kerry’s
comments to support his use of more precise
mathematical language. The goal is for Kerry to
adopt the vocabulary the teacher uses when she
clarifies Kerry’s statements about his approach
for solving the problem.

Example 2.6. Teacher prompts students to use mathematical terminology in their explanations.

327

- 148

Kerry: | noticed that 8 is bigger than 7.

Teacher: You first compared the digits in the ones place? Did you mean 8 is greater than 7?7
Remember, when a number is “bigger” or “larger” than another number we say greater than.

Kerry: Yes, | started with the ones place, 7 and 8. 8 was larger, so | needed to cross out the 2 and make

it 1. That made 17.

Teacher: Because 8 was greater than 7, you regrouped. You took 10 from the 20 in 327 and added it
to the 7 ones to get 17. Then you changed the 2 in the tens place to a 1 in the tens place.

The teacher points to the numeral 2 in the tens place.

Kerry: Yes, because there were 2 tens, | used one of them to make 17. Then | subtracted the 8 and got
9 ones. Next, | looked over and the 4 was greater than the 1. So, | had to change it again.

Teacher: You are describing how you knew to regroup the ones and then needed to use that approach
again for the tens place. When you regrouped, you used what you knew about place value.

Kerry: So then, | regrouped from the hundreds because there were 3 hundreds in 327. | could break
apart 300 into 200 and 100. | added 100 to the 1 ten in the tens column, and now | can subftract 40 from
110! That gave me a 7 in the tens place for the answer. That’s 7 tens.

Teacher: So, your answer for the difference is 79 so far?

Kerry: Yes, and then | just had to subtract the hundreds. | did not need to regroup. 200 minus 100

equals 100. The difference is 179!
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Remind students to include the mathematical displays that could be used in early elementary
language modeled and taught during instruction  (grades K-2) and upper elementary (grades

by displaying mathematical vocabulary on 3-6), respectively, to support students’ use of
the classroom wall. These kinds of supports mathematical language when providing both
can be useful for both verbal and written written and verbal explanations.

explanations.> Tables 2.2 and 2.3 are visual

Table 2.2. A mathematical language chart that supports early elementary (grade K-2) students as they use
mathematical language to present their thinking.

Example/Representation

Addition Joining or combining two sets Example: 8 + 3 = 11 is an addition equation.
together.
Addition is represented with the . . . . . . . . . ‘ .
symbol +.
8+3 =1
Addend Addend Sum
Subtraction Taking away an amount or Example of decreasing: 7 -2 =5
comparing two quantities to find it \ye have 7 rubber ducks and then subtract 2, we are left with
the difference. 5 rubber ducks.
Subtraction is represented with
the minus sign, —. x ‘x “x x°'

Example of comparing the difference:

Rosie is 11 years old. Eric is 9 years old. How much older is
Rosie than Eric?

Even Number Any integer that can be divided 0, 2, 4, 6, and 8 are all even numbers.
by 2 with a remainder of zero.
The digit in the ones place of an
even number is 0, 2, 4, 6, or 8.

|,
[
9
o
y~
o

even o |
odd =» -
even N ——
odd «w ——
even > ——
odd on |-
even © ——
odd N
even ®© ——
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Table 2.3. A mathematical language chart that supports upper elementary (grade 3-6) students as they use

mathematical language to present their thinking.

Term Definition

Fraction Fractions have different meanings:
Part-whole (part of a whole)
Measurement (a unit of measure)

Numerator The number of equal-sized parts being

considered or used. It is the number of times
the unit fraction is repeated. In this example 5

is the numerator.

Denominator

Unit Fraction

% is copied 8 times to create a whole or 1).

The number of equal-sized parts that make up
the whole. In this example 4 is the denominator.

Example/Representation

15353
8'8°4°5 2
% of the area of the garden is planted
in carrots.
L L L 1 1
I I I I 1
c 1 2 3 1
4 4 4
5
6
1
4

Used as the unit of measure for a whole (e.g.,

0| =
o=
=
N|[=

A unit fraction is a fraction with 1 in the numerator.

Potential Obstacles and the
Panel’s Advice

OBSTACLE: “I don’t know what words I'm supposed
to use. Everyone seems to use different terminology.”

PANEL’S ADVICE: Review your state’s
mathematics standards to identify the important
language for students to learn. Also consider state
assessment guidelines and the curriculum materials
used in the school. Consult with your colleagues

to draft a list of accurate and precise vocabulary
that the school can agree to use in mathematics
classes across grade levels and settings. This could
be a shared list of mathematical language on which
teachers across the school agree.>?

OBSTACLE: “Teaching vocabulary takes time that
we don’t have.”

PANEL’S ADVICE: Integrate language
instruction throughout mathematics
intervention. Introduce and use mathematical
words intentionally and throughout lessons, to
reinforce their meaning.5? Taking this approach
does not require adding an activity that might
take up additional instructional time. There
does not need to be an entire mathematics
intervention lesson focused on vocabulary.
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Recommendation 3: Representations

Use a well-chosen set of concrete and semi-concrete representations to
support students’ learning of mathematical concepts and procedures.

Introduction

Concrete and semi-concrete representations

are included in core instructional programs.
However, students who struggle to learn
mathematics need additional, focused instruction
using representations to model mathematical
ideas.>* Choose representations carefully

and connect them explicitly to the abstract
representations (mathematical notation). If
teachers do this, students can conceptualize

the connection between the representations

and the mathematics. It is also important to
provide students with many opportunities to use

representations and to help students understand
the abstract nature of mathematics over time.

The WWC and the expert panel assigned

a strong level of evidence to this
recommendation based on 28 studies of the
effectiveness of using a well-chosen set of
representations to support student learning.%
Nineteen of the studies meet WWC group
design standards without reservations,> and
nine studies meet WWC group design standards
with reservations.5” See Appendix C for a
detailed rationale for the Level of Evidence for
Recommendation 3.

What are concrete, semi-concrete, and abstract representations?

Representations illustrate the value of numbers and the relationship between quantities. Concrete
and semi-concrete representations are powerful ways to make mathematics visible and more
accessible for students. Creating visual models with concrete or semi-concrete representations
may help students think through and solve problems more successfully because they help students
understand the logic behind mathematical concepts and procedures.?

» Concrete representations are three-dimensional (3D), physical materials or actions that
students can organize, act upon, or manipulate to better understand mathematics content (e.g.,
regrouping with base 10 blocks, using fraction tiles to compare two fractions, role playing a
problem situation). Concrete representations may help students better understand mathematical
concepts when they physically model with the manipulatives or act out problem scenarios
to make the underlying mathematical concepts visible and less challenging to interpret.> For
example, by counting out beans or connecting cubes, students learn one-to-one correspondence.

5
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* Semi-concrete representations are two-dimensional (2D) visual depictions such as strip
diagrams, simple drawings, tables, arrays, graphs, and number lines that may help students
organize information. They can be used in conjunction with concrete representations to
transition to more abstract representations. For example, students who struggle with addition,
subtraction, multiplication, or division may find it useful to represent quantities with tick marks
or by drawing dots. Because the number line is an essential semi-concrete representation in
many interventions and standards, we devote a separate recommendation to using the number

line effectively (see Recommendation 4).

4 x3=12

Pictures of concrete and semi-concrete representations described above are sometimes presented

virtually on a computer or tablet screen.

» Abstract representations are mathematical notations that can include numbers, equations,
operations, relational symbols, and expressions (such as 4, 16, multiplication and equal signs,
greater than or less than signs, as well as equations such as 4 x 4 = 16).

a. Fuchs et al., 2005; Fuchs & Fuchs, 2001; Jitendra et al., 2016.
b. Fuchs et al., 2005; Fuchs & Fuchs, 2001; Jitendra et al., 2016.

This recommendation outlines four steps
teachers can use to help students understand
mathematics using concrete and semi-concrete
representations. This section describes strategies,
examples, and tools that can assist instructors

in effectively using representations to support
student learning.

How to carry out the
recommendation

1. Provide students with the concrete
and semi-concrete representations that
effectively represent the concept or
procedure being covered.

Not all representations work for every
mathematical concept.>® Choosing
representations must be intentional and
selective to be effective. It is therefore critical
to provide students with the representations
that most accurately model the concept or
procedure being addressed. Table 3.1 provides
some examples of representations that work
well for a sample of concepts and procedures.
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Table 3.1. Examples of common concrete and semi-concrete representations that can be used for a sample
of mathematics concepts and procedures.

Mathematics concepts and procedures | Concrete Semi-concrete

Counting/skip counting * base 10 blocks * hundreds chart
Addition  connecting cubes * 5 frames, 10 frames, double 10
Subtraction « Cuisenaire rods® frames
Multiplication * beads « strip diagrams
Division * two-colored counters * arrays
Equality * beans and cup

* 1-inch tiles

* balances
Place value * base 10 blocks * place value chart
Decimals/operations with decimals * 1-inch tiles * base 10 pictures

» connecting cubes * hundreds chart

» decimal squares * rational number wheels
Fractions/operations with fractions * Cuisenaire rods® * table
Data » connecting cubes * number line
Ratios and proportions * pattern blocks * strip diagram

« fraction bars * bar graph

« fraction tiles * line plot

« fraction circles
* two-sided counters

* 1-inch tiles
Patterns * pattern blocks * pictures of shapes
Geometry * 1-inch tiles « graph paper grids
Graphing * connecting cubes * number line
Area/perimeter * rulers, tape measures * isometric paper
Volume/capacity » geometric solids
Line symmetry * protractors, angle rulers
Length measurement * containers
2D shapes
3D shapes

Note: This table is not a complete listing of all representations, nor does it list all matching mathematics concepts and procedures.

When appropriate, use representations that depicts regrouping accurately. The single-unit
are proportional. For example, when teaching cubes, when grouped into a set of ten, match
place value, the representation for ones should the size, shape, and length of the tens unit. Ten
be one-tenth the size of the representation of the tens units match the size and shape of

for tens, and the tens should be one-tenth the the hundreds unit. If the representations were
size of the representation for hundreds. In not proportional, the concept of place value
Example 3.1, the problem is depicted with would be harder for students to grasp. The

base 10 blocks, which represent the place value proportionality of the representation is also

for ones, tens, and hundreds proportionally. important when representing fractions concepts
Notice how the representations for place value and operations.
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Example 3.1. Teacher represents the addition problem with base 10 blocks, which are
proportional for showing place value and regrouping concepts.

104 + 17 =

The ones can be regrouped
to form a 10 plus 1 more.

Q'
Q'
— DRR —
Q'
Qe
‘ R
E @
121
104 + 17 = 121
2. When teaching concepts and representing a particular concept, most concepts
procedures, connect concrete and and procedures can be effectively represented by
semi-concrete representations to connecting both a concrete and a semi-concrete
abstract representations. representation to the abstract representation

(mathematical notation). When demonstrating
concepts and procedures with concrete and
semi-concrete representations, present the

Although, in some circumstances, choosing
either a concrete or semi-concrete representation
may be appropriate for teaching and
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mathematical notation simultaneously so that
students can conceptualize the connection

between the representations and the mathematics.

It is also important to connect concrete and semi-
concrete representations to each other when
teaching the same concept.* It is helpful to make
these connections when introducing new material
and when reviewing previously learned content. It
is also important to make these connections when
using familiar representations in a new way.

Recommendation 3

Example 3.2 demonstrates how the
representations can be aligned vertically to
demonstrate their connection. When teaching
early addition concepts, a teacher may use
counters as a concrete representation while

also using pictures or sketches as a semi-
concrete representation. Linking the counters

to the pictorial representations and also to the
mathematical notation can help students solidify
the concept of addition.

Example 3.2. Teacher shows how combining two groups (a group of 4 and a group of 5) relates to
concrete and semi-concrete representations and to an equation.

5+ 4 =

Teacher: When looking at this problem we see that we need to add or combine the 4 and the 5. | can
use counters to count out a group of 4 and another group of 5. Then | can combine them and count how
many | have. | can also draw 4 squares to represent the 4 and 5 squares for the 5, and then count how
many squares | drew in all. | find that | drew 9 squares, so the answer to the problem 4 + 5 equals 9.

Concrete

POPUY U9LP

Semi-concrete

Gooo> @ooo

Concrete

VDD DD D D D rus oo

Semi-concrete

Ooooaod

Abstract

@ooon
5

+ 4 = 9

Rather than counting the entire combined number of cubes or squares starting with 1, students can be
encouraged to count on from one of the addends. Students start with 5 and count on 4 more until they
reach 9. Additionally students could also use their fingers to solve this addition problem.

Example 3.3 depicts a teacher demonstrating
how to use a familiar representation in a new
way. In this example, upper-elementary students
who are familiar with using base 10 blocks to

represent whole-number operations can use
these materials to represent decimal place
value. The teacher and students discuss how, by
reassigning the value of the blocks, they can also
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use the blocks to represent decimals. The teacher =~ when used for decimals. After introducing

is helping students conceptualize how this same students to this way of using base 10 blocks, the
tool can be used to represent decimal place teacher might ask students to represent simple
value. This representation is still proportional decimals, like 1.2 or 4.5.

Example 3.3. Teacher explains how to use base 10 blocks, with which the students are already
familiar, to solve addition and subtraction problems with decimals.

Teacher: When we are thinking about showing decimal amounts, the base 10 blocks can be used again
to represent different units. The hundreds piece will represent ones, the tens unit will represent tenths,
and the unit cubes will represent hundredths. Then the cube that previously represented thousands will
now represent tens. You could imagine that the flat square piece is really a square baking pan full of
brownies for a large family. If the family sliced the brownies into 10 long pieces, each piece would be % or
0.1 of the pan of brownies. If they cut those 10 pieces into 10 equal parts from the other direction (shows

horizontal cuts of a tenth into ten equal squares), each part is now %J or 0.01 of the whole.

Here’s how the number 32.89 would be represented using base 10 blocks. If the flat square pieces
represent ones, then a group of 10 flat squares could be represented by a large cube. To represent 30,
we would need 3 large cubes. To represent 2 ones, we’d need 2 flat square pieces. 8 rod shape units
would represent 0.8, and 9 small unit cubes would represent 0.09.
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3. Provide ample and meaningful
opportunities for students to use
representations to help solidify the use
of representations as “thinking tools.”

Students will need many opportunities to work
with representations before they will successfully
use them to model concepts and procedures

and solve problems.¢® Allowing students to

use representations only a few times will not

be enough. Over multiple uses, students will
begin to more deeply understand mathematics
concepts and grasp how representations can

be used as “thinking tools” in mathematics.
The goal is for representations to help students
better understand mathematics concepts

and procedures, and for students to grow
comfortable using representations as tools to
model problems and build their understanding.5?

Representations can be used when students
explain their thinking.5® At first, students may
need help articulating how they used the
representations to depict the mathematical
ideas. Pose prompting questions to help students
explain how they represented the concepts
and/or procedures.%* As students become more
comfortable using representations, routinely
ask them to use the representations to explain
their solution approach. This helps reinforce the
mathematics not only for the student explaining
her thinking, but also for the students who are
listening to the explanation the student is giving.

4. Revisit concrete and semi-concrete
representations periodically to
reinforce and deepen understanding of
mathematical ideas.

Students will use representations in high school
(and beyond) such as algebra blocks, geometric
models, and computer-based transformation
tools for rigid motions.% As students grow more
comfortable with the mathematics, they may
use concrete or semi-concrete representations
less often.%¢

Recommendation 3

Systematically revisit concrete and semi-
concrete representations to reinforce

and deepen students’ understanding of
mathematical ideas. Also, if students are not
able to correctly solve problems or if they feel
uncertain about how to approach a problem,
encourage them to use a concrete or semi-
concrete representation to represent or model
the situation. Make concrete and semi-concrete
representations available for students to use as
necessary. Representations will help students
become comfortable with the mathematics.%”

Potential Obstacles and the
Panel’s Advice

OBSTACLE: “I connected the abstract concepts
and procedures to concrete and semi-concrete
representations and then faded them, but I don’t
think my students fully understand the concepts.”

PANEL’S ADVICE: Only fade out concrete

and semi-concrete representations as students
become accurate with doing the work abstractly.
If students do not fully understand the concepts,
then fading out is not appropriate. Revisit
concrete and semi-concrete representations
periodically to clarify and reinforce the
connection between abstract notations and
concrete or semi-concrete representations. By
periodically revisiting the connections, students
will often experience deeper understanding and
new insights about those connections.®® Even
after the abstract representations are used more
consistently, it may be helpful to revisit concrete
and semi-concrete representations to build and
clarify the underlying mathematical concepts.®

OBSTACLE: “My students just play with concrete
representations and can’t concentrate on the
mathematics.”

PANEL’S ADVICE: Explain the expectations for
appropriately using concrete representations as
a learning tool. Students will need instruction
in how to think about and use representations
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effectively.” Showing the connection between
representations and the mathematics may

not be enough for students to be able to use
them independently. Students may also need
instruction in how representations can be

used to think through and solve a problem.
Without instruction, students may not know
how to use the representation in a way that
will aid their understanding. Instruction can
be done by modeling and talking through the
steps of solving a problem, or it can be done by
facilitating a discussion with students about how
concepts and procedures can be represented.
Students can provide their thoughts and model
their use for the class.

Recommendation 3

OBSTACLE: “My students are confused because
different representations are used in different classes.”

PANEL’S ADVICE: Consistency in the types

of representations shared in core classroom
instruction and during intervention sessions,
throughout the year and across grades, is critical.”
Consistent use is particularly important for
students who are struggling to grasp a concept or
operation.” Using a core set of representations
across settings and grades helps reinforce
instruction on the same concepts. Keep the same
set of core representations in use across grades:
use the same representations as students move to
the next grade. This level of consistency can be a
part of a whole-school agreement where the goal
is to align mathematics instruction through use
of cohesive representations, language, notation,
rules, and generalizations across grade levels.

WWC 2021006

Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Recommendation 3 | 28



Recommendation 4: Number Lines

Use the number line to facilitate the learning of mathematical concepts
and procedures, build understanding of grade-level material, and prepare

students for advanced mathematics.

Introduction

The number line is a unique mathematical
representation that can concurrently represent
all real numbers, including whole numbers and
rational numbers, positive and negative numbers,
and other sets of numbers. Example 4.1 depicts

examples of numbers that can be displayed on

a number line. This ability to represent different
sets of numbers makes the number line a powerful
tool for helping students develop a unified
understanding of numbers and for supporting
their learning of advanced mathematics.”™

Example 4.1. Number line representing magnitudes of whole, positive, negative, rational, and

irrational numbers.

A

| | | | |
I I I I I

-3 -25 -2 -1 2 0
3

\ 4

| ] |
® ®
! I 1 I
1 1 N2 7 2 3"
2 4

Number lines can be used to develop a variety
of mathematical understandings and are
included across several of the contemporary
state standards.” Number lines are an important
tool for teaching and understanding magnitude
and operations for both whole numbers and
fractions.” Number lines are also useful for
demonstrating elapsed time problems,”®
graphing coordinates,” and displaying and
analyzing data.” Vertical number lines are

used to teach temperature and how to read
thermometers, linear spring scales, or depth
charts,” and can be paired with a horizontal
line to form coordinate grids.®° Consistent

use of number lines can help students build
understanding of the number system and
improve their overall mathematics performance
across a variety of mathematics content.5!

Students who are proficient in mathematics
often construct a mental number line as they
solve problems.® When a teacher consistently

uses number lines during intervention, students
gradually develop the ability to visualize a
number line when considering the magnitude
of a number such as a fraction, determining
strategies for solving mathematics problems, or
evaluating the reasonableness of their answers
after solving problems. It also sets the stage for
more advanced work in middle and high school
mathematics, when students acquire skill with
negative numbers and solve linear inequalities
through number lines.%3

The WWC and the expert panel assigned a
strong level of evidence to this recommendation
based on 14 studies of the effectiveness of

using number lines to facilitate the learning of
mathematical concepts and procedures.?* Eleven
of the studies meet WWC group design standards
without reservations,®® and three studies meet
WWLC group design standards with reservations.¢
See Appendix C for a detailed rationale for the
Level of Evidence for Recommendation 4.

WWC 2021006

Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Recommendation 4 | 29



This recommendation explains methods for
using the number line to teach and support
critical understanding of mathematics during
intervention. Each step provides guidance for
whole numbers in early elementary (grades

K-2) and fractions and decimals in upper
elementary (grades 3-6). This section describes
strategies, examples, and tools that can support
instructors in effectively using number lines in
intervention settings.

How to carry out the
recommendation

1. Represent whole numbers, fractions,
and decimals on a number line to
build students’ understanding of
numerical magnitude.

Early elementary (grades K-2)

Before using a number line, introduce students

to a concrete version of a number line. Introduce
students to number lines using a number path that
students can walk, board games, or clotheslines;

Recommendation 4

this may help students begin to form a visual
image of what a number line looks like. When
using these number lines, focus on the length of
the units and the equivalency of the length unit.
The distance between the positions of zero and
one establishes the length of the unit and is the
same distance between all whole numbers.

After exposing students to the concrete number
line with a series of individual units lined up on
a path, connect that idea to a number line on
paper or projected on a screen. Example 4.2
depicts how a concrete number path with a series
of individual units corresponds to a number
line.®” Ask students to identify similarities and
differences between the two representations.
Draw their attention to the distance from zero
to one and how that distance is the same length
as one unit. This connection will help students
understand that the 1 on a number line is not
merely a tick mark, but also represents the full
one-unit distance from zero.%® Discuss with
students how the concrete units represent the
same numbers as a number line does.

Example 4.2. Connecting individual concrete units to a number line to represent positive

whole numbers.

Number path 1 2

Number line I | |

\

Explain the basic characteristics of number
lines, such as those listed in the box below. Show
students how each tick mark is equidistant from
the previous tick mark and represents a unit of
the length of 1. Notice how the whole numbers
appear in the same predictable counting
pattern. That is, when moving to the right, the
magnitude of the number increases by one unit,
just like counting by ones. Explain how numbers
decrease by one unit as they move to the left
and show students how zero is to the left of 1

on the number line. Introduce them to other

counting patterns on the number line—such as
skip-counting by twos, fives, or tens—by showing
that the length of the new unit composed of 2, 5,
or 10 units can be repeated across the distance of
the number line.

Upper elementary (grades 3-6)

Once students understand the concept of a
fraction with concrete representations, show
students how to represent fractions on a number
line by connecting linear concrete representation
to the semi-concrete number line. Demonstrate
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the location of fractions on the number line,
starting with familiar fractions that are less than
one. Ask students to fold a strip of paper in half
to see two equal parts. Discuss with students how
this represents partitioning a 0-1 segment of the
number line into two equal parts. Ask students
to mark the location of one-half. Then ask them
to partition a strip of paper into four equal parts
to represent the locations of one-fourth, two-
fourths, and three-fourths on a 0-1 line segment.
Ask students to demonstrate how the number
line can be partitioned into additional parts, by
showing a larger denominator, like eighths.8°

Recommendation 4

Reinforce the idea that the denominator
represents the number of partitions in one
whole. Include partitioning the number line with
odd denominators which may be more difficult
for students to partition equally. Number lines
can be used to demonstrate the pattern of unit
fractions and their corresponding magnitude.®®
The number lines in Example 4.3 show the

0-1 portion of a number line partitioned into
different size parts: halves, fourths, eighths,

and fifths. Draw students’ attention to the unit
fraction on each number line to help students see
the relative magnitude of each unit fraction.

Characteristics of number lines using whole numbers.

e Each whole number on a number line is equidistant from the next whole number.

e Whole numbers are represented in a predictable sequence.

e Number lines increase or decrease to infinity; you can always add or subtract one more unit.

 Display number lines with arrows on both ends to show that the units go infinitely in both

directions.

e The numbers increase in value as you move to the right, and numbers decrease in value as you

move to the left.

e Number lines can be presented with a pattern of numbers that represent numbers in a
predictable way (e.g., O, 10, 20, 30 or O, 2, 4, 6, 8, 10).

e Number lines can be:

o Three-dimensional/concrete representations (e.g., Cuisenaire rods®, a thermometer, or a

ruler),

o Two-dimensional/semi-concrete representations (e.g., a drawing of a number line, a picture
of a ruler, a scale on a thermometer, or a coordinate grid), or

o Virtual number lines on a screen or as a mental image in a student’s head.
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Example 4.3. Number line with halves, fourths, fifths, and eighths.
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8 8 8 8 8 8 8

To ensure that students do not assume all
fractions are less than one, expand the 0-1
segment to 0-2 to depict fractions equal to and
greater than one. Show students that whole
numbers can be represented as fractions and that
similar fractions are located between other whole
numbers. Example 4.4 shows two number

lines. The first includes fractions equal to and
greater than one so that a student can see the
pattern of counting by fourths as each number
increases by one-fourth. The second number line

shows fraction equivalences to the first number
line with familiar fractions written between two
whole numbers, which is how rulers are designed
to measure length. Discuss how fractions greater
than one can be expressed in two ways: with a
numerator that is larger than the denominator as
in the first number line and as a way to measure
length, as in the second number line, which
includes a whole number and a fraction less
than one. This comparison of numbers expands
students’ ideas of fractions and measurement.

Example 4.4. Fractions equal to, greater than, and less than 1.

- 1 | | | l | | | L
*+— 1 1 1 1 1 1 | —
0 1 2 3 4 5 6 7 8

4 4 4 4 4 4 4 4
l | | | l | | | Lo
D | | | 1 | | | —
2
0 1 2 3 1 11 12 43 2
4 4 4 4 4 4

Once students conceptually understand and

can articulate that the point where a fraction is
located on the number line represents the length
of units from zero to that position, then the

same teaching steps can be used to concretely
introduce the concept of equivalent fractions.
Show students how different fractions are
positioned at the same point on the number line
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by sequentially partitioning a number line into fractions are positioned at the same location on
different units. Introduce new denominators over  the number line and are therefore equivalent (for
several lessons.?? In Example 4.5, the number example, } and 2 are equivalent, 3, %, and § are
line is first partitioned in halves, then into equivalent, and 3 and § are equivalent).

fourths, and then into eighths. Explain that some

Example 4.5. Equivalent fractions are positioned at the same point on the number line.
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Incorporate other linear representations to show number line. Example 4.6 shows how Cuisenaire
how two fractions with different denominators can  rods® can be aligned with a number line to
be equivalent and occupy the same distance on the reinforce the equivalencies on a number line.

Example 4.6. Connecting a concrete representation of a length to a number line.
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Expand the idea of equivalencies to include
decimals and percentages so that students
understand that these rational numbers are also
equivalencies and there is an infinite number of
equivalencies at any point on the number line.
Reinforce this idea by writing the equivalent

Recommendation 4

fractions underneath each other to show the
precise position, rather than side by side when

on the same number line. Example 4.7 displays
equivalent numbers underneath each other to
ensure that the label aligns to the same tick mark.

Example 4.7. Label tick marks that represent the same equivalences vertically at the same
position on the number line, rather than side by side.

CORRECT

A

HIN N|=——

INCORRECT

|
1
1
2

A

0.50 1

2. Compare numbers and determine their
relative magnitude using a number line to
help students understand quantity.

Early elementary (grades K-2)

Use number lines to teach the relative magnitude
of whole numbers. Start by putting two numbers
on a number line using equal units. Explain that
each number’s distance from zero represents
the number’s magnitude. Whole numbers with

greater magnitude are further to the right. Whole
numbers with lesser magnitude are further to

the left and therefore closer to 0. Explain how

to compare the two numbers and determine
which is greater based on which is more equal
units away from zero (farther to the right when
working with positive whole numbers). In
Example 4.8, students see that 5 is further to the
right than 1.

Example 4.8. Use number lines to teach the relative magnitude of whole numbers in early

elementary (grades K-2).

A

\ 4
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Upper elementary (grades 3-6)

Use number lines to compare the magnitude of
fractions and decimals. Reinforce for students
that fraction and decimal magnitude, like
whole-number magnitude, is represented by
how far to the right or left of zero a number

is positioned. Before comparing fractions,
students must understand that fractions have
an infinite number of equivalences, as shown in
Example 4.6.

Comparing the relative magnitude of fractions
with a number line supports students’
understanding of fraction values and how they
relate to one another. Help students compare
fraction magnitude by thinking about “benchmark
numbers,” starting with 0, 3, and 1 when thinking
of fractions between O and 1. Benchmark numbers
can be located on a number line, and then other
fractions can be compared to the benchmark
numbers to describe which fractions are greater
than or less than other fractions. This knowledge
can then be used as a strategy for students when
they evaluate fraction magnitude during other
activities, such as when comparing two fractions
and showing the relationship using a greater-than
or less-than sign or ordering a set of fractions

from least to greatest or greatest to least.
Evaluating fraction magnitude can also be useful
when predicting the approximate magnitude of a
computational solution.

Recommendation 4

Early and upper elementary (grades K-6)

Provide students with practice determining

the magnitude of whole numbers, fractions,
and decimals using a number line. This type of
activity will build familiarity with number lines.%*
Students receiving intervention will need ample
practice using number lines to become more
proficient in estimating magnitude. Present
students with a number line with two points
marked near the end (for example, 0-1, 0-2,
0-100, or 0-1,000) and ask them to estimate
magnitude for whole numbers and/or fractions.

In Example 4.9, students work as a group to
estimate fraction magnitude using benchmark
numbers. Four fractions are given on index cards
for students to place on the O-1 number line.
First, the students add the benchmark number
one-half on the number line before estimating
the magnitude of each fraction. For %, a student
reasons that the fraction is a little to the right
of } because 7 is just ;5 greater than {3, which
is equivalent to 1. The next student also uses
one-half as a benchmark for 2, reasoning that
the fraction is just } less than g, which is also
equivalent to ;. For 1, a student places it closer
to O because it is a unit-fraction and less than 3.
For 2, a student places it close to 1 because it is
just ;5 away from 12 or the whole. Ask students to
discuss their reasoning for making the placement
of each fraction with the group and pose
additional questions to explore the depth of the
conceptual understanding as necessary.

Example 4.9. Students estimate the location of four fractions using benchmark numbers and

places the flashcards on the 0—1 number line.

1 3 7 9
5 8 12 10
| | |
- -
| | |
0 1 1
2
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3. Use the number line to build students’
understanding of the concepts
underlying operations.

Early elementary (grades K-2)

Show students how to use number lines for
addition and subtraction of whole numbers. After
comparing whole numbers, students begin to
learn addition and subtraction by looking at the
distance between whole numbers. In Example

Recommendation 4

4.10, students first determine that 8 is greater than
5. Then, students see how much greater 8 is than

5 by counting up. They can visibly see that 8 is 3
units to the right of 5. The focus on the unit length,
or distance, is key rather than counting the tick
marks. When moving toward the right, students
see that 5 units plus 3 more units is equal to 8 units.
When moving to the left students see that starting
with 8 and moving 3 units to the left is equal to 5,
showing the subtraction equation 8 - 3 = 5.

Example 4.10. Show early elementary (grades K-2) students how to use number lines to add and

subtract whole numbers.

\

A

8-3=5

Always connect the equation to the number line

when solving calculation problems with students.

First, model a problem with the number line and
have students write the corresponding equation.
Then present an equation for students to model
on the number line.

Upper elementary (grades 3-6)

A number line is also a powerful visual for
demonstrating addition and subtraction of
fractions.® Start by adding fractions with the
same denominator. This can be done using
one number line. When introducing addition
and subtraction with unlike denominators,
explain that number lines are particularly

helpful. Number lines help make visible the
concepts underlying addition and subtraction of
fractions when the two addends have different
denominators.? Using double number lines can
make the equivalences more visible for students
so that they can understand why finding an
equivalent fraction is the necessary and correct
approach for solving these types of problems.%”
Example 4.11 depicts an addition problem
where double number lines are used to show
students that 1 and & are the same distance
from O, and therefore, the same magnitude. This
illustration helps students see why they can use
equivalent fractions when adding and subtracting
fractions with unlike denominators.
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Example 4.11. Use the number line to show students fraction addition.

3 1
— - =
12 2
| | |
- | >
0 1 1
2
I
I
| | | | | | : | | | | | |
Rl 1 | | 1 | | | | | | | >
0 2 s 4 5 6 7 &8 9 10 U 1
12 12 12 12 12 12 12 12 12 12 12 12
12
3 6
—_— —=
12 12
2 3 4 5 6
12 12 12 12 12 12
- - - o o >
| | | | | | | | | | | | |
- 1 I | 1 | I I 1 I I I >
0 02z 2 4 5 6 7 & 9 10 0 1
12 12 12 12 12 12 12 12 12 12 12 12
12
3 6 9
—_ . — = —
12 12 12
Concepts of multiplication and division can these instances, a number line is useful for
also be shown on a number line. When first showing the problem because the number
introducing fraction multiplication and division, line effectively represents whole numbers and
include whole numbers as one of the factors, fractions.®® Examples 4.12 and 4.13 show how
divisors, or dividends. Start with a word number lines are used to depict multiplication
problem to set the stage for understanding and division (respectively) with whole numbers
the concept underlying the operation. In as one of the operands.
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Example 4.12. Multiplication with a fraction and a whole number.

Use a word problem to provide context for the operation:

Arya runs a %-mile loop in her neighborhood. She does this loop 3 times each morning for exercise. How
many miles does Arya run for exercise each morning?

1
3 groups of >

o
N | = e——

—

- y
| =

N

N

| =

w

3)(1:1—
2

Example 4.13. Division with a fraction and a whole number.
Use a word problem to provide context for the operation:

Twyla baked 3 large brownies. She cuts each brownie in half to share with friends. How many pieces of
brownie does Twyla have to share?

1 2 3 4 5 6
l l l l l l l
D 1 1 1 | —
0 1 1 11 2 21 3
2 2
3:1_6
2
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Potential Obstacles and the
Panel’s Advice

OBSTACLE: “I used the number line for fraction
multiplication and my students were confused.”

PANEL’S ADVICE: Number lines are not

always useful to help students understand all
mathematical ideas.®® Multiplication and division
with two fractions less than 1 are not represented
well on a number line, especially when fractions
have large denominators. Instead, try using

an area model for multiplication when the
fractions are both less than one. See Table 3.1 in
Recommendation 3 (Representations) for which

representations fit the mathematics concepts best.

OBSTACLE: “My students don’t want to use the
number line and benchmark fractions when
comparing fractions because cross-multiplying is
easier and faster.”

PANEL’S ADVICE: Many teachers use cross-

multiplying to compare fractions, probably because

it is easy and fast. The panel believes, however,
that cross-multiplying does not help students
understand fractions in a meaningful way. Help
students see that using benchmarks and thinking
about the relative magnitude of fractions will help

Recommendation 4

them understand this operation with fractions
more deeply. Do not allow students to revert

to cross-multiplying during intervention and
continue to focus on fractions concepts and the
understanding of procedures, which will be more
helpful to students later on.

OBSTACLE: “My students don’t seem to have a good
grasp of the number line and what it represents.”

PANEL’S ADVICE: Concrete representations
can be used at any grade level to support
students’ understanding of number lines.'°° Use
concrete representations with length models to
help transition students toward understanding
the number line. Show students how to build

a number line with manipulatives that are of
consistent and equal length units. Fraction tiles
and Cuisenaire rods® can be linked to number
lines, for example. Be sure to show students
which edge of the tile or rod represents the
length of the unit or the fraction. Demonstrate
this by lining up the rods to the number line
equivalent. Example 4.6 depicts connecting
concrete representations to number lines as a
way to reinforce equivalent fractions.
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Recommendation 5: Word Problems

Provide deliberate instruction on word problems to deepen students’
mathematical understanding and support their capacity to apply

mathematical ideas.

Introduction

Learning to solve word problems is an important
part of the elementary mathematics curriculum
because word problems help students apply the
mathematics they are learning, develop critical
thinking skills, and begin to connect mathematics
to a variety of scenarios or contexts.!°! Becoming
successful at applying mathematics through
solving word problems can deepen students’
understanding of grade-level content and set
students up for success in advanced mathematics
courses and the workforce.!0

Problem solving in the elementary grades is
often done by presenting word problems that
can be solved using computational procedures,
such as addition, subtraction, multiplication,
and division.!°® Unfortunately, learning
calculations alone does not necessarily help
students successfully solve word problems.104
To set up and solve word problems successfully,
students need to read and understand the
problem’s narrative, determine what the
problem is asking them to find, and identify
one or more mathematical operations that

will solve the problem.!%5 Students with or at
risk for mathematics disabilities often have
difficulty with one or more of these steps,
which further impacts their ability to set up
and solve problems correctly.'?¢ Thus, the panel
recommends dedicating some instructional
time during intervention to word problems. The
WWC and the expert panel assigned a strong
level of evidence to this recommendation
based on 18 studies of the effectiveness of

systematic word problem solving instruction.!¢?
Fifteen of the studies meet WWC group design
standards without reservations,'®® and three
studies meet WWC group design standards
with reservations.!?® See Appendix C for a
detailed rationale for the Level of Evidence for
Recommendation 5.

This recommendation outlines approaches for
supporting students in understanding and solving
word problems. Not all of these approaches

can be used in the first intervention lesson.
Instead, introduce these approaches over the
course of several lessons so that students build
their capacity to understand word problems
and execute all the steps needed to solve them.
This section describes strategies, examples, and
tools that can support instructors in effectively
teaching students how to solve word problems.

How to carry out the
recommendation

1. Teach students to identify word problem
types that include the same type of action
or event.

Introduce one problem type at a time. Begin by
introducing a new problem type with a story
which includes all quantities. This helps students
think about what the quantities represent
without needing to solve for an unknown."® Next,
present the same story with a missing quantity
(that is, a word problem). Connect the quantities
between the story and the word problem so that
the students see how they are the same.
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What is a problem type?

Recommendation 5

A problem type includes all problems with the same set of quantities or salient features.?
Identifying a problem type is different from determining the operation used to solve the
problem. Even though the two can be related, the same operation may be used in different
problem types, or the same problem type may require students to use a different operation.
Consequently, it is not useful to associate a problem type with an operation.® Different programs
may have different words for the same problem types. For example, what we refer to as a
Change problem may be referred to as change over time, join, or separate, depending on

the curricula. Other common types can include Combine problems, Compare or Comparison

problems, and Ratio or Proportion problems.

a. Fuchs et al., 2005; Fuchs & Fuchs, 2001; Jitendra et al., 2016.
b. Fuchs et al., 2005; Fuchs & Fuchs, 2001; Jitendra et al., 2016.

Use role-playing,!!! gestures,'? or concrete and/or
semi-concrete manipulatives," to help students
visualize the problem and identify relevant
information. This helps students see how the
quantities relate to each other.

Show students additional examples of the
problem type using different scenarios so that
students can see how the quantities are still the
same even though the situation differs. Discuss
how and why each new problem belongs to the
problem type you are teaching. Use these steps
for each new problem type you introduce.

Example 5.1 shows how to introduce a Change
problem, which depicts stories that include a
change over time. The story and word problem
are about children getting off the bus to show
how the number of children changes. Use
counters to help students visualize this problem.
Then, present two other Change problems to
students to depict additional scenarios where a
change over time occurs. Emphasize that in one
problem the quantity increases and in the other
it decreases.
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Example 5.1. Introducing a Change problem.

Story with all guantities

There were 18 children on the bus. 7 children got
off the bus at the first stop.

11 children are still on the bus.

Word problem with a missing quantity

There were 18 children on the bus. 7 children got
off the bus at the first stop.

How many children are still on the bus?

18 children on
the bus

7 children got
off the bus

11 children are
still on the bus

® o o @2 O3
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18 counters Teacher and Teacher and

represent the
children on the bus.

Additional examples of Change problems:

Quantity increase

The rose bush has 15 flowers blooming.

Then 12 more bloomed. How many flowers are
blooming on the rose bush now?

students count and
remove 7 counters.

students count
remaining children.

Quantity decrease

Selina had 24 cupcakes. At her birthday the next
day, she and her friends ate 16.

How many cupcakes does Selina have left to
share with her family?

2. Teach students a solution method for
solving each problem type.

Introduce a solution method using a worked-
out example. Talk through the problem-solving
process and connect the relevant problem
information to the worked-out example. Say out
loud the decisions that were made to solve the
problem at each step. Then demonstrate how to
apply the solution method by solving a problem
with the students using that method. Discuss
each decision you make and ask students guiding
questions to engage them as you solve the
problem. Solution methods may include graphic

organizers, diagrams, tables, or equations that
directly link to the problem type by connecting
to and representing the underlying mathematics
in the word problem.!*

Students may need ongoing support to complete
the multi-step process required for solving each
problem type."s Provide students with a visual
guide detailing steps to reference as they solve
word problems. Some parts of the guide may
apply to understanding the problem before
solving it, such as “read the problem,” “name
the problem type,” “identify the question,” and
“find relevant information.” Other parts may be
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geared toward choosing a solution method thatis =~ Example 5.2 demonstrates how a teacher
specific to the problem type. As students become  solves an Equal Groups problem and uses a

more comfortable solving problems, gradually simple drawing to set up and solve the problem.
fade the use of visual guides so students do not The teacher refers to a visual prompt card that
become overly reliant on them. outlines steps for solving Equal Groups problems.

Example 5.2. Upper elementary (grade 3—6) teacher thinking aloud how she sets up and solves an
Equal Groups problem using a prompt card.

Amber bought donuts for the teachers’ lounge. Each box of donuts has 6 donuts inside. If she
bought 24 donuts, how many boxes did she buy?

Teacher: The prompt card says to read the problem. (Teacher reads problem.) This problem is about
donuts. What'’s the problem asking?

Students: How many boxes did she buy?

Teacher: Right. The problem is asking how many boxes or groups of donuts she brought. The problem
tells us there are 6 in each box and she brought 24. Is it an Equal Groups problem?

Students: Yes.
Teacher: How do you know when a word problem is an Equal Groups problem?

Students: /In an Equal Groups problem, there is a number of groups, group size, and a total number of
items. In this problem, we’re trying to find the number of groups or boxes of donuts.

Teacher: Right! How many did she buy?
Students: 24.

Teacher: Great. Right. To figure out what we should do next, let’s look at the prompt card. The prompt
card says to write down the information you need to solve the problem. What do we know?

Students: We know each box has 6 donuts inside. We need to figure out how many boxes we need to
get 24 donuts.

Teacher: The next step on the prompt card says to draw the groups to find the missing amount. What
would you do to draw the groups?

Students: / start by drawing a box with 6 donuts. | use circles to represent the donuts. Then, | draw
another box with 6 more donuts.

Teacher: Let’s see if we have 24 yet. What’s 6 + 6 equal?

Students: 72.
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Teacher: The next step says to keep drawing the groups until you find the amount. So, we need to keep
going. If we add another box of 6 donuts, how many donuts do we have?

Students: 18. We are not done yet. Let’s draw another box.
Teacher: Great. Let’s try that. Now we have 4 boxes of 6 donuts. Do 4 boxes of 6 add up to 24 donuts?
Students: Yes! 6 + 6 + 6 + 6 = 24. We needed 4 boxes of donuts.

Teacher: Right! That’s right. To solve this problem, we used repeated addition. We added up the number
of donuts in each box until we reached 24. The final step says to write the answer with a label.

Students: Let’s write “4 boxes” for the answer.

Teacher: Great work!

6 donuts in a box
24 donuts total

OO0 [OOO|] OOO0O| |OO0O
OO0 [OOO|] OOO0O| |OO0O

6 + 6 + 6 + 6

12 18 24
4 boxes

24

Note: Depending on where the students are with addition and multiplication, the teacher could connect the repeated addition to
a multiplication number sentence. Teachers could also refer to a multiplication chart as an additional support for students making
the connection between repeated addition and multiplication.

3. Expand students’ ability to identify vary the unknown quantity to help students
relevant information in word understand the mathematical structure in each
problems by presenting problem problem type. Other problems that look different
information differently. may require additional steps to solve or include

irrelevant numerical information or information
on a chart, graph, or diagram."” Teaching a
variety of problems helps students more flexibly
transfer their understanding of problem types

to a wider range of problems.!® Example 5.3
provides examples of Change problems and Ratio
problems that may be less familiar to students.

Once students can recognize and solve the most
accessible problems within a type, present word
problems of that same type that are less familiar
so that students broaden their understanding

of that problem type."¢ In the opinion of the
panel, it is essential to include problems that
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Example 5.3. Problem types with less familiar features.

Change problems
Result quantity unknown
Ana had 13 red apples. Then she gave 6 apples to her neighbor. How many apples does she have now?

Change quantity unknown

There were 24 people swimming at the pool. Some of them got out for lunch. Now there are 13 people in
the pool. How many people got out for lunch?

Start quantity unknown

Alice gave her brother 32 baseball cards and now has only 15 left. How many baseball cards did she
start with?

Change problem with multiple steps

There are 21 students at the lunch table. Eleven students got up to return their trays. Then, 3 students
went to the bathroom. How many students are still eating at the lunch table?

Change problem with irrelevant information

There are 21 students at the lunch table and 4 parents. Eleven students got up to return their trays. How
many students are still eating at the lunch table?

Ratio problems

Ratio problem with ratio given

Zahara bought some food at the farmer’s market. For every 1 cucumber she bought, she bought 3
tomatoes. If she bought 12 tomatoes, how many cucumbers did she buy?

Ratio problem with a chart/graph/diagram

In Ms. Walker’s class, there are more boys than girls. Below is a diagram representing the number of
boys to girls. If there are 12 boys in the class, how many girls are there?

Boys Girls

Ratio problem with irrelevant information

Sally loves to garden. She keeps 5 flower gardens and 1 vegetable garden. In the flower garden, for every
5 daisies she plants, she also plants 1 rose. If she planted 3 roses, how many daisies did she plant?

Ratio problem with multiple steps

Sally loves to plant flowers in her garden. For every 5 daisies she plants, she also plants 1 rose. If she
planted 3 roses, how many flowers did she plant altogether?
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Students may need ongoing support in identifying
which quantities are relevant for solving problems
once they have learned several variations of

each problem type. This can be accomplished

by continuing to help students visualize the
problem by using concrete manipulatives such

as counters or fraction tiles, or semi-concrete
representations such as tables or simple diagrams
of the quantitative relationships.

Another approach to identifying relevant
information is to encourage students to reread
the problem more than once and restate the
problem in their own words. Refer back to

the question to connect the unknown to the
information given in the word problem to help
determine what is important. By rereading the

Recommendation 5

problem, students may have greater success
discerning which information is relevant versus
irrelevant.!® Teachers may ask students to write
down, circle, or underline information that

will be used solve the problem and to cross out
information that is not useful.

Example 5.4 presents a Part-Part-Whole
problem. This problem includes three types of
vegetables that are combined. It also includes
irrelevant information that is not needed to
solve the problem. Problems with irrelevant
information challenge students to really think
about which quantities are needed to set up
and solve the problem correctly. The example
includes counters and pictures of vegetables for
students to visualize the problem information.

Example 5.4. Teacher guides students through identifying relevant information and using a

concrete representation to visualize the story.

Word Problem

Roger has 6 apple trees and a vegetable garden. He picked 3 carrots, 9 onions, and 4 potatoes.

How many vegetables did he pick?

Teacher: In this problem, there is a lot of information. Let’s use these counters to represent the relevant
problem information as we solve the problem. What is this problem about?

Student 1: Roger’s apple trees and vegetables.

Teacher: Great. Let’s read the question, “How many vegetables did he pick?” Look back at the problem

and see what it says about vegetables.

Student 2: / see it says vegetable garden.

Teacher: Right. Look at the problem, do you see what kind of vegetables he picked?

Student 2: Carrots, onions, and potatoes.

Teacher: Right, he picked carrots, onions, and potatoes. Do we use all the information in this problem or

is there any irrelevant information we need to ignore?

Student 2: He also has 6 apple trees.

Teacher: Right. Are apple trees vegetables? Does knowing how many apple trees he has help us

answer the question about vegetables?

Student 2: No.
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Teacher: Good, what do we do with irrelevant information?
Student 2: We ignore this irrelevant information.

Teacher: Let’s use some counters to visualize the problem. Each vegetable name is on an index card
with a picture of the vegetable. Let’s show the number of each vegetable with counters. How many
carrots? Look back at the problem if you need to.

Student 3: 3.

Teacher: Let’s count out 3 counters for the carrots, 1, 2, 3. How many onions? Look back at the problem
if you need to.

Student 1: 9.

Teacher: Let’s count out 9 counters for the onions, 1, 2, 3, 4, 5, 6, 7, 8, 9. How many potatoes? Look
back at the problem if you need to.

Student 2: 4
Teacher: Let’s look back at the problem. What was it asking again?
Student 1: How many vegetables he picked.

Teacher: To figure out how many vegetables he picked, what do we do?

D

Carrots Onions Potatoes

Student 1: Put them altogether. Add the vegetables.

Teacher: Right. This problem is about combining vegetables. We can see here that we have 3 carrots,
9 onions, and the 4 potatoes. To solve the problem, we combine the number of vegetables. Let’s answer
the question, “How many vegetables did he pick?” Let’s count.

Student 1: 76 vegetables.
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4.Teach vocabulary or language often
used in word problems to help students
understand the problem.

When first introducing word problems, choose
problems that are accessible, meaning that all

the words in the story are familiar to students.
However, as students learn the problem type, how
to identify what it is asking for, and what strategies
work for finding the solution, word problems can
include more difficult language. Teach students
the meaning of words and language constructions
they may find difficult in the word problems.

Difficult words can be previewed before they
are presented in a word problem to help
students prepare for understanding them when
used in word problems.'?° Before you start

Recommendation 5

attention to words that relate to one another or
share a categorical structure that may help students
identify which information in the problem is
relevant and which is irrelevant. Teach the meaning
of words and continue to discuss them during
problem solving to solidify their meaning.

Table 5.1 presents several types of words and
language constructions presented in word problems
that students may find difficult to understand when
trying to make sense of the problem. This may
include words that are familiar to students but have
different meanings in a word problem context,
categorical words and the subcategories that
comprise them, words that involve comparisons,
and words that signal events associated with the
problem types you are teaching. Instruction in these
words will increase students’ success in identifying

teaching, anticipate which words are critical
for understanding the problem. Pay particular

relevant and irrelevant information.

Table 5.1. Clarify words presented in word problems prior to students solving the problem.

What to teach Sample word problem Why focus on these words What to do

Unknown words or
familiar words that
may be confusing
in context

Categories and
the things that
comprise them

Words that
compare two
quantities: more,
less, fewer, older,
younger, taller,
shorter, bigger,
smaller, hotter,

There is a 2-mile relay
race at Brown Elementary
School. Each leg of the
race is 12 mile. How many
children are needed to run
the race?

Sasha has 6 pets. Four of
the pets are turtles, and
the others are puppies.
How many puppies does
Sasha have?

Willa is 42 inches tall.
Renaldo is 8 inches
shorter than Willa. How
tall is Renaldo?

Ava’s sister is 8 years older
than she is. Ava is 6 years
old. How old is her sister?

In this problem, students may not

understand the meaning of the
word relay and how it includes
many parts and a team of
children racing.

Students are likely to know the
meaning of the word leg (as a part
of a body) but may not understand
what leg of a race means.

Students may not know that pets
is a category that can include
many animals such as turtles
and puppies.

Categories are often found in
ratio problems and part-part-
whole problems.

Students need to understand that
shorter means fewer inches or a
smaller number of inches.

Students also need to learn
comparison words that relate to
one another. In these examples,

Teach students that a
relay is a race that is
made up of several parts.
Explain these are often
called legs and that one
child runs only during one
part or leg of a race. So,
if there are four legs, four
children are needed.

Teach students about
categories or words.
For each new problem,
discuss the category
of words (e.g., pets,
turtles, and puppies)
ahead of time.

Teach students about these
words by focusing on how
the quantity is changing.

Pair similar word
problems using reciprocal
comparison words to

and colder. Ava is 6 years old, and her Doth problems are about help students understand
sister is 14 years old. How comparing age, but one problem th_e quantities when
much younger is Ava than US€S the word older and the other  different comparison
her sister? problem uses the word younger. words are used.
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5. Include a mix of previously and
newly learned problem types
throughout intervention.

After a problem type has been taught, distribute
previously learned problem types throughout
lessons so that students do not forget the
problem types they have learned. By revisiting
previously learned problems, students practice
discriminating among problem types as they
learn new ones. Include a mix of problems
throughout intervention as cumulative review.

Include an activity where students identify and
name problem types without solving them.
Remind students to think about the differences
among problem types and how to tell one
problem type from another. This type of practice
helps students become more fluent in identifying
and distinguishing the various problem types
and reinforces the importance of reading and
thinking about each problem before solving it.'2!
Students may need support to remember the
salient features of different problem types, like a
prompt card listing the features of a problem or a
gesture that evokes the action in the problem.

Potential Obstacles and the
Panel’s Advice

OBSTACLE: “This type of word problem
instruction isn’t in my curriculum. Should I develop
my own materials?”

PANEL’S ADVICE: The panel is not suggesting
teachers create materials that include this

type of instruction or these types of word
problems. Instead, the panel suggests using this
recommendation as a guideline for evaluating
curricula to adopt. Work with a team, including
a mathematics coach or special educator, to
evaluate whether the curriculum aligns with the
steps in this recommendation.

Recommendation 5

OBSTACLE: “I don’t want to teach my students how
to solve a problem using a specific method. I want to
encourage my students to come up with their own
solution approach.”

PANEL’S ADVICE: While having students
develop their own solution strategies can be
meaningful and useful, students in intervention
are sometimes less equipped to generate a
solution strategy that is accurate and appropriate
for the word problem.'?? By teaching specific
solution strategies, you offer students a way

to move through the problem-solving process
successfully so that eventually they may be able
to develop their own solution methods.

OBSTACLE: “My students often don’t know
the operations to solve the word problems in
our curriculum.”

PANEL’S ADVICE: Before introducing a strategy
for solving a problem type, make sure students
have the necessary prerequisite skills to be able
to apply the method for solving the problem.
Review and embed practice on these prerequisite
skills throughout the instruction focused

on word problems. Students can also solve
problems in which they demonstrate conceptual
understanding of what the problem is asking, the
structure of the problem, and the steps needed
to solve the problem. In these cases, the use of
devices, like a calculator, can help students to
carry out mathematical operations. Alternatively,
the teacher could replace the numbers with those
familiar to students to make it easier for students
to solve.

OBSTACLE: “I use the key word strategy, but
I don’t feel like my students understand the
word problems.”

PANEL’S ADVICE: Avoid teaching key words
that link specific words to operations. Key words
remove the need to read and understand the
entire problem and instead direct students

to apply a mathematical operation (addition,
subtraction, multiplication, division) that is
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often incorrect.'?® In Table 5.2, notice how phrases without considering other information
the key word misleads the student for many in the problem, word problems without taught
problems. Determine the correct operation key words often leave students unable to start

by understanding what the problem is asking. the problem-solving process. Further, multi-step
Additionally, because teaching key words problems likely include more than one taught key

encourages students to look for specific words or word, causing even more confusion.

Table 5.2. Examples of key words matched to an operation and why they fail.

Supposed

operation related Example of
Key word to the key word Sample problem in which the key word method fails failed operation

Altogether  addition Alice bought 4 cartons of eggs with 12 eggs in each 4+12=16
carton. How many eggs does Alice have altogether?

More addition Colin had some crayons. Then, he bought 12 more 90 +12 =102
crayons. Now, he has 90 crayons. How many crayons did
Colin have to start with?

Fewer subtraction Paulo picked apples. Zach picked 12 fewer apples. If 20-12=8
Zach picked 20 apples, how many apples did Paulo pick?

Left subtraction Liz shared 55 candies equally with 3 friends. After sharing, 55-3 =52
how many candies were left over?

Each multiplication Miles had 3 trays of building blocks with the same number 75 x 3 = 225

of blocks on each tray. If Miles had 75 blocks altogether,
how many were on each tray?

Double multiplication Margaret bought double the number of songs as her 12x2=24
sister. If Margaret bought 12 songs, how many songs did
her sister buy?

Share division Sal collected 18 quarters to share equally among his 18 +3=6
friends. After sharing, he had 3 quarters remaining. How
many quarters did Sal share?

Divide division Cam divided 5 pieces of paper into fourths. How many 5:4-= 1;1l
pieces of paper does Cam have now?

OBSTACLE: “My students often take so much donuts). A simple sketch shows the quantitative
time drawing pictures of each item in the problem  relationships and helps the students determine
that they don’t have time to even begin the what the problem is asking and what they need
problem solving.” to do to solve it.?* It may also be helpful to use
concrete representations if students struggle
PANEL’S ADVICE: Teach students how to with fine motor or spatial skills.’2s Make a
draw simpler sketches, such as stick figures for direct connection between drawings or other
people or circles to represent rocks or apples representations and the equation.

(see Example 5.2, where circles represented
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Recommendation 6: Timed Activities

Regularly include timed activities as one way to build students’ fluency

in mathematics.

Introduction

Each recommendation in this guide supports
students in becoming accurate, efficient, and
flexible problem solvers. This recommendation
offers one more, albeit short, way to support
fluency building through timed activities. These
timed activities last between 1 and 5 minutes

and are not the entire focus of the intervention.
Instead, they are one component embedded
within a multi-component intervention. Add
timed activities to intervention once students have
been working on a concept over many lessons. Do
not use timed activities to introduce and teach
mathematics concepts and operations.

Quickly retrieving basic arithmetic facts
(addition, subtraction, multiplication, and
division) is not easy for students who experience
difficulties in mathematics.?¢ Without such
retrieval, students will struggle to follow their
teachers’ explanations of new mathematical
ideas.’?” Automatic retrieval gives students

more mental energy to understand relatively
complex mathematical tasks and execute multi-
step mathematical procedures.’?® Thus, building
automatic fact retrieval in students is one (of
many) important goals of intervention.'?®

In addition to basic facts, timed activities may
address other mathematical subtasks important
for solving complex problems."° This could
include, for example, recalling equivalencies

for fraction benchmarks of } and 1, which helps
students compare the magnitude of fractions or
solve rate problems more efficiently, or quickly
evaluating and estimating place value, which
helps students identify whether regrouping is

necessary when solving double-digit addition and
subtraction problems. The goal of these activities
is to move students toward accurate and efficient
performance of these smaller mathematical tasks
so that this knowledge can be easily accessed
when necessary for solving problems.

The panel does not recommend merely giving
students timed worksheets or putting students on
a computer-based program without supporting
their learning. Timed activity can engage
students by providing feedback in real time,
including goals for improvement, and steadily
increasing item difficulty. Timed activities can

be structured similarly during intervention,
regardless of whether the focus is on automaticity
with basic arithmetic facts or building fluency in
other mathematical subtasks.

The WWC and the expert panel assigned a strong
level of evidence to this recommendation based
on 27 studies of the effectiveness of activities

to support automatic retrieval of basic facts

and fluid performance of other tasks involved

in solving complex problems.!*! Twenty-one of
the studies meet WWC group design standards
without reservations,'? and six studies meet
WWLC group design standards with reservations.'>3
See Appendix C for a detailed rationale for the
Level of Evidence for Recommendation 6.

The steps in this recommendation address

how to systematically set up and implement
timed activities that support fluency and ensure
student success with those activities. This section
describes strategies, examples, and tools that can
support instructors in effectively using activities
to support fluency for students who struggle.
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How to carry out the
recommendation

1. Identify already-learned topics for
activities to support fluency and create
a timeline.

When planning activities to support fluency,
think through what students need in order
to understand and more easily apply the
mathematics they are learning. Consider
the mathematics topic that is the focus of

Recommendation 6

intervention and whether basic facts and/or
other subtasks might help students understand
and perform that mathematics task more
fluently. Think about which complex strategies
or procedures the students will be learning.
Break those into a series of smaller steps that
are required to understand and accurately solve
problems. Plan activities to support fluency in
one of those areas. Table 6.1 provides examples
of intervention topics connected to options for
activities to support fluency.

Table 6.1. Examples of activities that can support fluency for various intervention topics.

Intervention topic Fluency focus Relevancy to the intervention

Fractions intervention
(grade 4 and up)

Multiplication basic facts

Equivalencies for benchmark

fractions of% and 1

Addition and subtraction
basic facts

Place value with multi-digit
addition and subtraction

(grade 2 and up) Evaluate the problem to

determine if regrouping
is necessary

Note: This list is not comprehensive.

Pick one topic to build over time. For each topic,
plan a schedule for introducing and conducting
the activity to support fluency. At the start, choose
easier items for the activity. To help students
remain engaged in the topic, increase the difficulty
of the items as students become more fluent

with the easier items. For example, if working

on addition facts, you might start with n + 1 or
doubles at first. Then, increase the difficulty

of the items to include other more difficult
combinations. If working on multiplication facts,
for example, focus on zeroes and ones first. Then
integrate the tens and fives, and so on.

As you move on to harder facts, include easier
facts so students are discriminating among
problem types and fact sets and families. In this
way, gradually move to include the full range
of mathematics facts including addition and
subtraction. The panel believes mixed practice

Relevant for finding equivalent fractions for fractions
addition and subtraction

Relevant for using benchmark numbers as a
strategy to compare or order fractions or to estimate
fraction magnitude on a number line

Relevant so that students can efficiently add or
subtract each place value

Relevant so that students can determine if
regrouping is needed as a standard practice when
adding or subtracting numbers with multiple digits

develops students’ ability to fluently discriminate
between operations. Introduce the next topic after
students have worked on the first topic over many
weeks and demonstrated fluency for that topic.

2. Choose the activity and accompanying
materials to use in the timed activity and
set clear expectations.

Timed activities are brief (usually 1-5 minutes)
and require students to generate many correct
responses in that short amount of time.!34
Activities that support fluency can be done
using flash cards, computer programs, or
worksheets.’® Using these materials, activities
can be structured for students to work
together as a group or individually. Periodically
incorporate game-like features, such as keeping
score or having students cooperate as a team to
increase their score.
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Activities to support fluency are well-suited

for small-group intervention settings. Set up
the activity with clear expectations of who
responds and when. For example, students can
respond one at a time going around the table,
or the teacher can randomly call on students.
Alternatively, all students can respond at once.
Students may respond verbally, with response
cards or white boards, or with gestures or hand
signals (e.g., touching or pointing). If using
worksheets for fluency, discuss students’ answers
after time has been called and ask students to
correct and explain any missed items.

3. Ensure that students have an efficient
strategy to use as they complete the
timed activity.

Plan timed activities that focus on previously
learned content.’®*¢ Include the strategies you
want students to use during timed activities
during other portions of the intervention
lessons. For example, when teaching addition
facts, instruction may be organized around
teaching number combinations, doubles,
doubles plus one, or various combinations
of 10 or other numbers. Include instruction
on counting strategies for addition and
subtraction. Be sure that students are
competent in using these strategies before
students begin the timed activity.'*”

Before starting the timed activity, remind
students to use a strategy they know.'*® For
example, reminding students of the “double plus

Recommendation 6

one” strategy before starting the timed activity
may help students use that strategy when they
get to the problem 6 + 7 if they don’t know it
automatically. If counting on from the largest
number has been taught as a strategy during
intervention, remind students how to use it
before starting the activity.

4.Encourage and motivate students to work
hard by having them chart their progress.

The goal for activities that support fluency is for
students to generate many correct responses in a
short time.®® Remind students that the goal is to
produce answers that are accurate.

To keep students focused and motivated during
these activities, have students record their scores
over time on a chart or graph. As students see
their scores improve over time, they may feel
more excited and motivated to set goals and
work hard. Goals to “meet or beat” a previously
earned fluency score can be set for individuals or
as a collective score for the intervention group.
Working toward a goal as a group can reduce

the pressure on individual students. If tracking
progress individually, rather than as a group,
make sure the graphs are kept private.

Example 6.1 shows a graph for 4 days of timed
activities. Students beat their scores over days 1,
2, and 4. They met their score for day 3 (scores
for days 2 and 3 were 12). The goal is to meet or
beat the previous score, and students achieved
this each day because scores did not decrease.
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Example 6.1. Graph tracking scores for timed fluency activities.
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5. Provide immediate feedback by asking
students to correct errors using an
efficient strategy.

When using flash cards or other activities that
allow immediate feedback from a teacher,
students may self-correct before feedback can be
provided, which the panel believes is a positive
indication that they are moving toward fluency.
If students do not self-correct, immediately ask
them to fix their incorrect answer and explain
why the new answer is correct. If the student
struggles, remind them of the efficient strategy
they have learned. The student is responsible
for using the taught strategy and correcting their
answer before moving on.'°

Often, computer-based programs reward
students with fireworks or cute images when
their answer is correct and a buzzer or refreshed
screen with the same problem when their

answer is incorrect. If students need additional
help, instant tutorials are often built in. In this
way, computer programs provide students with
immediate feedback. Select computer games
that require students to correct their own errors
before moving on to the next problem.

Immediate feedback is sometimes not possible
with worksheets, even in small groups. In

the opinion of the panel, when working with
worksheets, teachers should score and return
them as soon as possible and then review with
students the problems that need to be corrected
and the effective strategies that could be used.
When students correct their work, have them
explain the new solution to the teacher. If the
student appears not to have a known strategy
for finding correct answers, reteach students an
efficient strategy.
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Potential Obstacles and the
Panel’s Advice

OBSTACLE: “We do fluency worksheets every day,
and my students are not improving.”

PANEL’S ADVICE: In the opinion of the panel,
giving timed worksheets alone does not support
fluency. Use the steps in the recommendation to
think about how you could set your students up
for success. Does the timed activity make sense
for the intervention focus? Do your students
have a way to find the answer if they don’t
know it automatically? Are you giving students
feedback in an immediate and meaningful way?
Are students observing their own progress and
setting goals? Activities that support fluency need
to address these elements to be effective.

OBSTACLE: “Some students seem to race through
and guess.”

PANEL’S ADVICE: Remind students that
accuracy is the goal; not how many problems
were attempted. Show students how their scores
reflect their correct responses. Suggest that they
slow down and aim for accuracy next time to see

Recommendation 6

if they can improve their score. Stress that the
goal of these activities is to support the student in
growing their abilities to solve problems.

OBSTACLE: “Some of my students have anxiety
when doing timed activities, especially when
completing an activity with a large number

of problems.”

PANEL’S ADVICE: If using worksheets, students
may feel anxiety when seeing a large number of
problems all at once. Make sure students know
they are not expected to finish all of the problems
and that there are more items on the worksheet
than they are expected to complete. Students
may be less anxious when they do not perceive
that there are a large number of items that they
are supposed to finish. Instead of presenting a
large list of problems to solve, use flashcards

or other activities that do not present many
problems at the onset. Having students work as a
group to “meet or beat” their previous collective
score can also decrease the pressure they may
feel if asked to perform individually.
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Glossary

A

Academic language - the language or words used in school, which could be discipline-specific like
isotope or vertices or more general words like infer or unknown.

Automaticity - the ability to produce answers quickly without much mental energy.

B

Benchmark fractions - common fractions used as a comparison point to help students order or
evaluate the magnitude of other fractions.

C

Curricular materials - educational tools and resources that teachers use to provide curriculum and
instructional experiences.

F

Fluency - the ability to perform mathematics accurately and with ease.

G
Graphic organizer - a visual display of the relationships between facts or ideas.

Guiding questions - open-ended questions asked of students to direct their attention to key details
without telling students the answer.

I

Instructional design - the architecture of learning experiences and curricular materials.

Intervention - focused, often more intense, instruction provided to students who are falling behind in
core instruction, usually provided one-on-one or in small groups.

Irrelevant information - information provided in a word problem that is not related to the solution
approach.

Isometric paper - triangular graph paper, often used for pseudo-three-dimensional views.

L

Learning outcomes - a clear statement of what the student is expected to learn or be able to do.

Linear representations - representations of mathematical concepts that are arranged along a straight
or nearly straight line.
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Glossary

M
Mathematical concepts - abstract ideas of why the mathematics you are doing works.

Mathematical ideas - content that is central to the learning of mathematics such as whole numbers,
even and odd numbers, addition, fractions, and decimals.

Mathematical procedures - the steps for performing mathematical tasks.

Multi-component intervention - an intervention that includes a bundle of instructional practices that
are not disentangled when evaluating the impact of the intervention in a study.

Multi-Tiered Systems of Support (MTSS) (also referred to as Response to Intervention [RtI]) - a data-
driven, systemic, problem-solving framework that helps educators provide academic and behavioral
support for students with various needs.

Multiple-contrast studies - studies that evaluated multiple interventions using multiple intervention
groups or compared the same intervention group to multiple comparison groups.

P

Prompts - opened-ended statements teachers tell students to direct their attention to key details
without telling students the answer.

S

Sentence starters - prompts that begin a sentence that the student must complete.

Sequence of instruction - the efficient ordering of the content students will be learning to improve
mathematical understanding and to meet learning outcomes.

Solution approach (also referred to as a solution strategy) - the general approach or strategy used to
solve a mathematical problem, including the steps taken to solve the problem.

Student-friendly definitions - definitions suitable for students, designed with the needs and interests of
students in mind.

U

Underlying mathematical structure (also referred to as the mathematical structure or underlying
quantitative relationship) - the way quantities are set up and relate to one another in a problem that
align with one of the four mathematical operations (addition, subtraction, multiplication, division).

Unknown - the quantity that is not shown in a mathematics equation or word problem.

V

Vernacular - language spoken by ordinary people.

W

Word wall - a collection of mathematical words, their definitions, and examples which are displayed
with larger lettering on a wall.

Worked-out examples - examples that depict how a problem is solved with one solution.
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Appendix A: Postscript from the Institute of Education Sciences

What is a Practice Guide?

The Institute of Education Sciences (IES) publishes practice guides to share coherent expert guidance
addressing a particular educational challenge. Each recommendation in the practice guides is
explicitly connected to supporting evidence from studies that meet What Works Clearinghouse™
(WWC) standards.

How are Practice Guides Developed?

To produce a practice guide, IES first selects a topic. Topic selection is informed by inquiries on the
WWC website and requests sent to the WWC Help Desk, a limited literature search, and an assessment
of the topic’s evidence base. Next, working with a WWC contractor, IES selects a panel chair who has
a national reputation and expertise in the topic, as well as additional panelists to co-author the guide.
Panelists are selected based on their expertise in the topic area and the belief that they can work
together to develop relevant, evidence-based recommendations. Panels include at least two current
practitioners with expertise in the topic.

Relevant studies are identified through panel recommendations and a systematic literature search.
These studies are then reviewed against the WWC design standards by certified reviewers who assess
the internal validity of each study.!! The panel synthesizes the evidence into recommendations. WWC
staff summarize the research and draft the practice guide.

IES practice guides are then subjected to external peer review. This review is independent of the
panel and the IES and WWC staff that supported the development of the guide. A critical task of the
peer reviewers is to determine whether the evidence cited in support of particular recommendations
is up-to-date and that studies of similar or better quality that point in a different direction have not
been overlooked. Peer reviewers also evaluate whether the level of evidence category assigned to each
recommendation is appropriate. WWC staff revise the guide to address concerns identified by the
external peer reviewers and IES.

Levels of Evidence for What Works Clearinghouse Practice Guides

The level of evidence represents the quality and quantity of existing research supporting each
recommendation. The WWC and the panel assign each recommendation one of the following three
levels of evidence: strong evidence, moderate evidence, and minimal evidence.

A strong level of evidence rating refers to consistent evidence that the recommended strategies,
programs, or practices improve relevant outcomes for a diverse population of students."? In other
words, this level of evidence indicates that there is strong causal and generalizable evidence to support
the panel’s recommendation.

A moderate level of evidence rating refers either to evidence from studies that allow strong causal
conclusions but cannot be generalized with assurance to the population on which a recommendation
is focused (perhaps because the findings have not been widely replicated), or to evidence from studies
that are generalizable but have some causal ambiguity.
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A minimal level of evidence rating suggests that the panel and the WWC cannot point to a body of
evidence that demonstrates the practice’s positive effect on student outcomes. In some cases, this
simply means that the recommended practices would be difficult to study in a rigorous, experimental
or quasi-experimental fashion;"? in other cases, it means that researchers have not yet studied

this practice, or that there is weak or conflicting evidence of effectiveness. A minimal evidence

rating does not indicate that the panel views the recommendation as any less important than other
recommendations with a strong or moderate evidence rating.

To determine these levels of evidence, the WWC along with the panelists first conducts a careful
review of the studies supporting each recommendation. For each recommendation, they examine the
entire evidence base, taking into account the following considerations:

» Relevance of studies for representing the range of participants, settings, and comparisons on which
the recommendation is focused.

* Whether findings from the studies can be attributed to the recommended practice.

» The weighted mean effect size from the fixed-effect meta-analysis for each relevant outcome
domain.

e The extent of evidence meeting WWC standards.!#*

» How well the studies represent the range of participants and settings relevant to the
recommendation.

» The panel’s confidence in the effectiveness of the recommended practice.

In developing the levels of evidence, the panel and WWC consider each of the criteria in Table A.1.
The level of evidence rating for a recommendation is determined based on findings for each of the
criteria. For a recommendation to get a strong rating, the research must be rated as strong on each
criterion. If at least one criterion receives a rating of moderate and none receives a rating of minimal,
then the level of evidence for the recommendation is determined to be moderate. If one or more
criteria receive a rating of minimal, then the level of evidence for the recommendation is determined
to be minimal.
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Table A.1. IES levels of evidence for What Works Clearinghouse practice guides

Criteria STRONG MODERATE MINIMAL
Evidence Base Evidence Base Evidence Base

Extent of evidence The research includes The research includes at least The research may include
studies that meet WWC one study that meets WWC evidence from studies that
standards and provide a standards and provides a do not meet the criteria for
“medium to large” extent “small” extent of evidence.” moderate or strong evidence.

of evidence.?

Effects on The research shows, forthe  The research shows, for the  There may be weak or
relevant outcomes relevant outcome domain(s), relevant outcome domain(s), contradictory evidence
a preponderance of evidence a preponderance of evidence of effects.
of “positive effects” without of “positive effects” or
contradictory evidence “potentially positive effects.”
of “negative effects” or Contradictory evidence
“potentially negative effects.”  of “negative effects” or
“potentially negative effects”
must be discussed and
considered with regard to
relevance to the scope of
the guide and the intensity
of the recommendation
as a component of the
intervention evaluated.

Relevance The research has direct Relevance to the scope may  The research may be
to scope relevance to the scope— vary. At least some research is out of the scope of the
relevant context, sample, directly relevant to the scope. practice guide.

comparisons, and
outcomes evaluated.

Relationship The research includes Intensity of the Studies for which the intensity
between a direct test of the recommendation as of the recommendation
research and the = recommendation or the a component of the as a component of the
recommendations recommendation is a major interventions evaluated in the interventions evaluated in
component of the intervention studies may vary. the studies is low, and/or
tested in the studies. the recommendation reflects

expert opinion based on
reasonable extrapolations
from research.

Panel confidence The panel has a high degree  The panel determines that In the panel’s opinion, the
of confidence that a given the research does not rise to  recommendation must be
practice is effective. the strong level of evidence addressed as part of the

but is more compelling than a practice guide; however,
minimal level of evidence. the panel cannot point to a

body of research that rises to

The panel may not be
the moderate or strong level

confident about whether

the research has effectively ~ ©f evidence.

controlled for other

explanations or whether the

practice would be effective in

most or all contexts.
Role of expert Not applicable. Not applicable. Expert opinion based on
opinion defensible interpretations

of theory.
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Criteria STRONG MODERATE MINIMAL
Evidence Base Evidence Base Evidence Base

When assessment For assessments, research For assessments, research Not applicable.
is the focus of the meets the standards of The provides evidence of
recommendation  Standards for Educational reliability that meets The
and Psychological Testing.° Standards for Educational
and Psychological Testing
but with evidence of validity
from samples not adequately
representative of the
population on which the
recommendation is focused.

Note: A recommendation must satisfy all applicable requirements in the same column for the WWC to characterize the
practice as supported by the evidence base at that level.

aThis includes randomized controlled trials (RCTs) and quasi-experimental design studies (QEDs) for this practice guide.

®The research may include studies generally meeting WWC group design standards and supporting the effectiveness of
a program, practice, or approach with small sample sizes and/or other conditions of implementation or analysis that limit
generalizability.

¢American Educational Research Association, American Psychological Association, & National Council on Measurement in
Education (1999).

A Final Note About IES Practice Guides

Expert panels try to build a consensus, forging statements that all its members endorse. Practice
guides do more than find common ground; they create a list of actionable recommendations. Where
research clearly shows which practices are effective, the panelists use this evidence to guide their
recommendations. However, in some cases, the research does not provide a clear indication of what
works. In these cases, the panelists’ interpretation of the existing, but incomplete, evidence plays an
important role in developing the recommendations.

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Appendix A | 61



Appendix B: Methods and Processes for Developing This Practice Guide

Phase 1: Selecting the Panel; Establishing a Review Protocol

Expert Panel. The WWC established a 7-member expert panel to advise on the development of the
practice guide. The panel consisted of researchers who were at the forefront of intervention research
and practitioners with experience in implementing MTSS or working with students with or at-risk for
disabilities, as well as mathematics educators.

Practice Guide Review Protocol. The WWC worked with the expert panel to develop the practice
guide review protocol, available at https://ies.ed.gov/ncee/wwc/Document/275, which clarifies the
practice guide’s purpose and scope. Two questions were identified to guide the literature search and
the evidence review effort:

» Which instructional practices or approaches recur in effective interventions for students in grades
K-6 requiring intervention in mathematics?

» Are there effective intervention practices that impact student understanding and proficiency in any
of the following topic areas: counting and cardinality, whole numbers, rational numbers, algebra
and algebraic reasoning, geometry, and statistics?

The time frame for the literature search was 15 years, from January 2004 to December 2018.
Older studies that were used as evidence in the original guide, Assisting Students Struggling with
Mathematics: Response to Intervention (Rtl) for Elementary and Middle Schools (2009), were also
eligible for review if they met the screening criteria.

The eligible sample included students with learning disabilities in mathematics or those considered
at risk: that is, experiencing difficulties in learning mathematics. Eligible study designs included
randomized controlled trials (RCTs), quasi-experimental studies (QEDs), and regression discontinuity
designs (RDDs). Only those mathematics interventions that were provided individually (1:1), in small
groups (2 to 6 students), or in large groups (more than 6 students) for students with or at risk for
disabilities were included. Interventions implemented in class-wide general mathematics classes
were excluded. Only outcomes that fit into one of thirteen outcome domains addressing aspects

of mathematics proficiency (e.g., knowledge, understanding, problem solving, computation) were
eligible for inclusion. The thirteen domains were:

1. Algebra and Algebraic Reasoning 8. Rational Numbers Word Problems/Problem
Solving

9. Statistics
10. Whole Numbers Computation

2. Counting and Cardinality
3. Geometry

4. General Mathematics Achievement

5. Rational Numbers Computation 11. Whole Numbers Knowledge

12. Whole Numbers Magnitude Understanding/
Relative Magnitude Understanding

13. Whole Numbers Word Problems/Problem
Solving

6. Rational Numbers Knowledge

7. Rational Numbers Magnitude Understanding/
Relative Magnitude Understanding

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | AppendixB | 62


https://ies.ed.gov/ncee/wwc/Document/275

Appendix B

For additional details, the protocol can be accessed on the What Works Clearinghouse website.

Phase 2: Literature Search and Review

A targeted yet comprehensive search of electronic databases was conducted using keywords
focused on mathematics content, intervention, population, and study design. Panel members also
recommended studies that could potentially contribute to the guide.

A total of 2,635 records were identified and screened using a multi-stage screening process to
determine if they focused on mathematics interventions and met the eligibility criteria (i.e., eligible
mathematics interventions, sample, study designs, and outcomes). The sample eligibility definitions
and corresponding search terms are delineated in the practice guide review protocol. This screening
process resulted in 56 eligible studies. Of these, 31 studies included multiple contrasts—that is, they
included more than two experimental conditions. Thus, it was possible to review more than one
contrast per study from this set of 31 studies. WWC review teams selected one or more contrasts
from these studies for review based on their relevance to the recommendations. From the 56
studies, a total of 104 experimental contrasts were reviewed using WWC 4.0 group design and RDD
standards. For a study to meet WWC standards, at least one contrast must meet standards with or
without reservations. See Figure B.1. for the number of records that went through the screening

Figure B.1. Studies identified, screened, and reviewed for this practice guide

Identificati Records identified
entification (n=2,635)

:

Records screened in for
Records excluded

Screening topic relevance —_— a
(n=77) (n=2,558)
Records eligible for review Records ineligible for
Eligibility (n =56 studies) — review
(n =104 contrasts) (n=21)
Records that meet WWC
Standards without reservations
(n=37 studies) Records that do not
Evidence (n =76 contrasts) meet WWC Standards
Rating Records that meet WWC =9 sneltee)
Standards with reservations (n=12 contrasts)

(n =10 studies)
(n =16 contrasts)
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and eligibility process and the number of studies and contrasts that were reviewed with the
corresponding WWC evidence ratings.

Phase 3: Generating the Recommendations

WWLC staff conducted a detailed examination of the studies that meet WWC standards to identify
instructional practices that played a role in each intervention. In conjunction with the WWC, the
panel identified six recommendations that were grounded in evidence provided by the 44 studies
that meet WWC standards.*> The panel then suggested ideas for carrying out the recommendations.

Phase 4: Drafting the Practice Guide

WWC staff worked with the panel to further expand and clarify each recommendation and delineate
how to implement each recommendation. WWC staff then used an iterative process to draft the
recommendations, soliciting feedback from the panel and revising as needed at each stage. WWC
staff also compiled the level of evidence for each recommendation and drafted the technical
appendices. The practice guide underwent several rounds of review, including an IES external peer
review (as described in Appendix A).
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Appendix C: Rationale for Evidence Ratings

Conducting Reviews of Eligible Studies

WWC-certified staff reviewed 56 studies to assess the quality of evidence supporting education
programs and practices, using WWC group design standards version 4.0 and RDD standards version
4.0. The 44 studies that meet WWC standards provide the evidence for the recommendations. These
studies are bolded in the endnotes and in the reference pages.

Determining Relevance to Recommendations

All 44 studies provide evidence for more than one recommendation, as the interventions in these
studies include more than one practice (or component) for improving student outcomes. For example,
one multi-component intervention might include systematic instruction (Recommendation 1),
mathematical language (Recommendation 2), and number line (Recommendation 4), and thus be
used as evidence for all three recommendations in this guide. It is not possible to identify whether

one particular component or a combination of components within a multi-component intervention
produced an effect. Thus, the calculated effect sizes reflect the effect of each full intervention

package. The project staff determined which components were likely to cause an effect based on their
prominence in the intervention program. Major intervention components in each study that meet
standards were then assigned to the evidence base for the relevant recommendation. In Table C.1, the
mapping between each study and the six recommendations is presented.

Table C.1. Mapping between studies and recommendations

Recommendations

Systematic
instruction
Mathematical
language

A AP I ER " Representations
Word problems

Barbieri, Rodrigues, Dyson, and Jordan (2019)* X X X
Bryant, Bryant, Roberts, and Fall (2016)* X X

Bryant et al. (2011)* X X
Clarke et al. (2017)2* X X

Clarke et al. (2014)* X

Darch, Carnine, and Gersten (1984)2* X X
Doabler et al. (2016)2* X X X

Dyson, Jordan, Beliakoff, and Hassinger-Das (2015)2*** X X X X
Dyson, Jordan, Rodrigues, Barbieri, and Rinne (2018)* X X X X
Fien et al. (2016)* X X X
Fuchs et al. (2005)* X X X
Fuchs, Fuchs, Craddock, Hollenbeck, and Hamlett (2008)2* X X

Fuchs et al. (2006)* X X
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Appendix C

Recommendations

_ |8 :

L c -g g %

9 | T o c o

€S | ED| @ s

ez | 23 g )

ey | 52| § 5
Study nE | =8 (2 =
Fuchs, Geary, et al. (2013)2*** X X X X X
Fuchs, Malone, et al. (2019)2** X X X X X
Fuchs, Malone, et al. (2016)2** X X X X X X
Fuchs, Powell, et al. (2008)2* X X X
Fuchs et al. (2010)2*** X X X
Fuchs et al. (2009)2** X X X X
Fuchs, Schumacher, et al. (2013)* X X X X X
Fuchs, Schumacher, et al. (2016)2** X X X X X X
Fuchs et al. (2014)a** X X X X X
Fuchs, Seethaler, et al. (2008)* X X X
Fuchs, Seethaler, et al. (2019)2*** X X X X X X
Gersten et al. (2015)* X X X X
Jayanthi et al. (2018)* X X X X
Jitendra, Dupuis, et al. (2013)* X X
Jitendra et al. (1998)* X X
Jitendra, Rodriguez, et al. (2013)* X X
Kanive, Nelson, Burns, and Ysseldyke (2014)2** X X X
Malone, Fuchs, Sterba, Fuchs, and Foreman-Murray (2019)2** X X X X X X
Powell and Driver (2015)2*** X X X X
Powell, Driver, and Julian (2015)2* X X X
Powell, Fuchs, et al. (2015)>* X X X
Powell, Fuchs, Fuchs, Cirino, and Fletcher (2009)2** X X X
Smith, Cobb, Farran, Cordray, and Munter (2013)* X X
Swanson (2014 )>* X X
Swanson, Lussier, and Orosco (2013)2* X X
Swanson, Moran, Bocian, Lussier, and Zheng, (2013)2** X X
Swanson, Moran, Lussier, and Fung (2014)** X X
Swanson, Orosco, and Lussier (2014)2* X X
Tournaki (2003)2** X X
Wang et al. (2019)2* X X X X X
Watt and Therrien (2016)* X X

Note: The available WWC reviews for each study can be accessed via the hyperlinks on the * symbol.
aIndicates that the study is a multiple-contrast study.
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https://ies.ed.gov/ncee/wwc/Study/89444
https://ies.ed.gov/ncee/wwc/Study/87242
https://ies.ed.gov/ncee/wwc/Study/87245
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Twenty-seven studies included more than one intervention condition. These multiple-contrast studies
compared interventions to each other and to a comparison condition. For each recommendation,

the project team identified the contrast most relevant to the recommendation and included that
contrast in the evidence base for that recommendation. (The WWC classifies all contrasts that share an
intervention or comparison group as part of the same study, and thus only one contrast can contribute
to the level of evidence.)

In some cases, different contrasts from a single study were relevant to more than one
recommendation. For example, a single study could include a contrast in which an intervention
with a word problem practice is compared to a comparison condition and be included in the
evidence for Recommendation 5 on Word Problems, as well as a contrast in which an intervention
with a fluency practice is compared with a comparison group and be included in the evidence for
Recommendation 6 on Timed Activities.

In some studies, there were multiple contrasts that were relevant to a single recommendation. For
these studies, WWC staff worked with the panel to identify the contrast that was most relevant for each
recommendation. In some studies, the most relevant contrast included an aggregated treatment group
that combined multiple interventions compared with a single comparison condition.

Determining Relevant Outcomes

To simplify and focus the synthesis of evidence, the WWC worked with the panel to identify
which outcome domains were relevant for each recommendation. The relevant domains for each
recommendation are listed in Table C.2.

Table C.2. Relevant domains for each recommendation

Recommendation 1 Recommendations 2-5 Recommendation 6
1. Algebra and Algebraic 1. Algebra and Algebraic 1. Rational Numbers Word
Reasoning Reasoning Problems/Problem Solving
2. Counting and Cardinality 2. Counting and Cardinality 2. Whole Numbers Word Problems/
3. Geometry 3. Geometry Problem Solving
4. General Mathematics 4. General Mathematics
Achievement Achievement

(¢}

5. Rational Numbers Computation . Rational Numbers Computation

6. Rational Numbers Knowledge 6. Rational Numbers Magnitude
7. Rational Numbers Magnitude Understanding/Relative
Understanding/Relative Magnitude Understanding
Magnitude Understanding 7. Rational Numbers Knowledge
8. Rational Numbers Word 8. Statistics
Problems/Problem Solving 9. Whole Numbers Computation
9. Statistics 10. Whole Numbers Knowledge
10. Whole Numbers Computation 11. Whole Numbers Magnitude
11. Whole Numbers Knowledge Understanding/Relative
12. Whole Numbers Magnitude Magnitude Understanding

Understanding/Relative
Magnitude Understanding

13. Whole Numbers Word
Problems/Problem Solving
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Recommendation 1 focuses on overarching systematic instructional design regardless of the
mathematical content; therefore, all 13 domains were relevant to Recommendation 1. Studies
included in the evidence for Recommendations 2, 3, 4 and 6 focused on impacts on number knowledge
and understanding, and not word problem performance. Impacts on word problem domains were
most relevant to the Word Problem recommendation (Recommendation 5) and thus were included
there. No studies that meet WWC standards included findings in the geometry or statistics domains.

The panel and staff considered only the findings in the predetermined relevant domains when
determining the level of evidence for each recommendation. For brevity, only findings in relevant
domains are presented in this appendix.

Estimating Fixed-Effects Meta-Analytic Effect Sizes

As discussed in Appendix A, the level of evidence determination for each recommendation relied on
the extent of the evidence from the supporting studies. To synthesize the evidence across studies for
each recommendation, the WWC calculated a weighted fixed-effects meta-analytic mean effect size
for each relevant outcome domain in which at least two studies had findings."¢ This pooled estimate,
which treats all of the studies contributing to that practice recommendation as a single study, means
the WWC did not rely on a “vote counting” approach to assess evidence of positive effects on any
relevant outcome. (For domains in which only one study had findings, the study’s domain-level effect
size was used in the level of evidence determination.) To calculate the meta-analytic weight, studies
were weighted by the inverse of the variance of each study’s effect size. Thus, large-scale studies
received more weight than small-scale studies. The statistical significance of each effect size for

each outcome domain was calculated using a z-test. For additional information on this process, see
Appendix H of the WWC Version 4.1 WWC Procedures Handbook.

To ensure that the resulting effect sizes were statistically independent, only one contrast from each
study was included in the analysis.*¥” In the case of multiple-contrast studies, only the findings from
the contrast most relevant to the recommendation were included in the meta-analytic effect size
calculation. Relevant contrasts that compared the effectiveness of two treatments were excluded from
the meta-analysis and are reported in this practice guide as supplemental evidence.

For consistency, the meta-analytic effect size calculation for each domain is based on outcomes
measured closest to the end of the intervention. The effect sizes per domain for each study are listed
in Tables C.4, C.6, C.8, C.10, C.12, and C.14. All other outcomes (follow-up measures, sub-scales) are
presented as supplemental evidence.

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Appendix C | 68



Appendix C

Recommendation 1: Systematic Instruction

Provide systematic instruction during intervention to develop student understanding
of mathematical ideas.

Rationale for a Strong Level of Evidence

The WWC and the expert panel assigned Recommendation 1 a strong level of evidence based on 43
studies."8 Collectively, the studies have strong internal validity. Thirty-two studies meet WWC group
design standards without reservations because they were RCTs with low sample attrition.*® Eleven
studies meet WWC group design standards with reservations because they were either compromised
RCTs, RCTs with high sample attrition, or QEDs, but the analytic intervention and comparison groups
in each satisfied the baseline equivalence requirement.'>° In addition, the 43 studies demonstrate
strong external validity, with their samples collectively including 6,990 students and 490 schools
across multiple states.!5!

Across the 43 studies, there were findings in 11 outcome domains (Table C.3) even though all 13
outcome domains were relevant for this recommendation. Ten domains had statistically significant,
positive meta-analytic effect sizes: algebra and algebraic reasoning (g = 0.60, p < 0.01), counting and
cardinality (g = 0.34, p < 0.01), general mathematics achievement (g = 0.31, p < 0.01), rational numbers
computation (g = 1.47, p < 0.01), rational numbers knowledge (g = 0.60, p < 0.01), rational numbers
magnitude understanding/relative magnitude understanding (g = 0.98, p < 0.01), rational numbers
word problems/problem solving (g = 0.55, p < 0.01), whole numbers computation (g = 0.52, p < 0.01),
whole numbers knowledge (g = 0.28, p < 0.05), and whole numbers word problems/problem solving
(g =0.42, p < 0.01). The final domain (whole numbers magnitude understanding/relative magnitude
understanding) did not have a statistically significant meta-analytic effect size.

Table C.3. Domain-level effect sizes across the 43 studies supporting Recommendation 1

95%

Number of Confidence
Domain studies (k) | Effect size?® | interval
Algebra and Algebraic Reasoning 4 0.60 [0.38-0.82] <0.01
Counting and Cardinality 5 0.34 [0.21-0.47] <0.01
General Mathematics Achievement 14 0.31 [0.23-0.39] <0.01
Rational Numbers Computation 10 1.47 [1.35-1.58] <0.01
Rational Numbers Knowledge 10 0.60 [0.50-0.70] <0.01
I\R/Ie;ts;(:]?tzlajldgquJT;]t()jeerthl\a/llrz]agir:;ude Understanding/Relative 9 0.98 [0.87-1.08] <0.01
Rational Numbers Word Problems/Problem Solving 4 0.55 [0.39-0.71] <0.01
Whole Numbers Computation 17 0.52 [0.44-0.61] <0.01
Whole Numbers Knowledge 2 0.28 [0.06-0.50] <0.05
Whole Numbers Magnitude Understanding/Relative
Magnitude Understa%ding ° 3 0.05 [0.09-0.18] ns
Whole Numbers Word Problems/Problem Solving 19 0.42 [0.34-0.51] <0.01

Note: All effect sizes were calculated using a fixed-effects meta-analytic effect size across studies. ns = nonsignificant
findings; k = number of studies with at least one outcome in the relevant domain and contributed to the meta-analytic
effect size.

a Significant findings are bolded.
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The 43 studies relevant to this recommendation have a preponderance of positive evidence,

strong internal and external validity, and are closely aligned with the practices outlined in the
recommendation. Consequently, the panel and the WWC determined that the recommendation
receives a strong evidence rating. This rating is supported by the strength of the evidence according
to the following criteria:

e Consistency of effects on relevant outcomes. Across the 11 domains with findings from studies
that meet WWC standards, 10 had a statistically significant positive meta-analytic effect size. The
other domain had uncertain effects (it did not have statistically significant meta-analytic effect size).
No domains had statistically significant, negative meta-analytic effect sizes.

« Extent of evidence. The 43 studies related to this recommendation demonstrated positive
effects with a medium to large extent of evidence. Seven of the 11 domains (algebra and algebraic
reasoning, counting and cardinality, rational numbers computation, rational numbers knowledge,
rational numbers magnitude understanding/relative magnitude understanding, whole numbers
computation, and whole numbers word problems/problem solving) had statistically significant,
positive meta-analytic effect sizes, with more than 50 percent of the meta-analytic weight from
studies that meet WWC standards without reservations, and had samples of more than 350 students
and multiple districts and states. These seven domains represent a preponderance of the outcome
domains with findings for this recommendation.

* Relationship between the evidence and recommendation. The studies supporting this
recommendation exhibit a strong relationship between the evidence and recommended practices
because the 43 studies included at least one of the recommended practices as a major component (see
below for more information).

* Relevancy. The 43 studies supporting this recommendation have relevant samples, contexts,
comparisons, and outcomes. The studies included samples of students with, or at risk for
mathematics difficulties in kindergarten through grade 6; examined interventions that were
implemented as a supplement to Tier 1 instruction or in a resource room; and measured outcomes
in relevant domains. The interventions ranged from roughly 8 days to 6-7 months in duration.
Most studies’ interventions were substantial in length; in 39 studies, the interventions lasted 8
weeks or longer.!52

A Brief Summary of the Studies Providing Evidence for the Recommendation

The 43 studies were directly related to the recommendation, with all studies testing interventions
that were described as using a systematic design or an explicit and systematic approach to
instruction. Thirty-two studies examined interventions that addressed whole-numbers concepts,!53
nine addressed rational-number concepts,** and two studies addressed both whole-numbers and
rational-numbers concepts.!55

Forty-two studies examined teacher- or computer-led interventions that included all the
recommendation’s How-to Steps.'* Specifically, these interventions reviewed previously learned
material to help students maintain their understanding of concepts and procedures as they learned
new material (How-to Step 1), used accessible numbers to teach concepts (How-to Step 2), and built
mathematics concepts and procedures incrementally (How-to Step 3). Instructors provided students
with ongoing visual and verbal supports (How-to Step 4) and immediate feedback (How-to Step 5). The
one remaining study examined an intervention in which instructors provided students with ongoing
visual and verbal supports (How-to Step 4).15
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Table C.4. Studies providing evidence for Recommendation 1: Provide systematic instruction during
intervention to develop student understanding of mathematical ideas.

Recommendation 1
Outcome domain

Comparison | and WWC-

Study and Intervention condition condition calculated effect

WWC rating Study description? description description size®

Barbieri et al. Design: RCT Duration: 45-minute sessions; 5 Business as Rational numbers

(2019) Contrast: Fractions times per week; 6 weeks usual core computation: 0.17
mathematics

Meets WWC intervention vs. control  Content: Fractions Rational numbers

standards with - paticipants: 51 Relevance to Recommendation: instruction knowledge: 1.09"
reservations  grade 6 students with  Instruction included review,

mathematics difficulties feedback, and strategic

Setting: 7 classrooms supports. Mathematics content

in 2 schools in the was sequenced to build

northeast region of incrementally across lessons.

the U.S. Students learned strategies to

solve problems.

Bryant et al. Design: Cluster RCT Duration: 25- to 28-minute Business as Counting and
(2016) Contrast: Early sessions; 4 times per week; usual core cardinality: 0.86*
Meets WWC  numeracy intervention 23 Weeks mathematics  General mathematics
standards with vs. control Content: Whole numbers '”ScterCt'on achievement: 0.99*
reservations  participants: 71 Relevance to Recommendation: :ghozrll-y

kindergarten students Instruction included review, ided

: ) s provide

mth mgthemahcs feedback, and stratgglc intervention

difficulties supports. Mathematics content

Setting: 32 classrooms ~Was sequenced to build

in 16 schools in urban  incrementally across lessons.

school districts in Texas Students learned strategies to

solve problems.

Bryant et al. Design: RCT Duration: 25-minute sessions; 4 Business as General mathematics
(2011) Contrast: Early times per week; 19 weeks usual core achievement: 0.50*
Meets WWC  numeracy tutoring vs.  Content: Whole numbers mathematics
standards control Relevance to Recommendation: instruction
without

Participants: 203 Instruction included review,
grade 1 students with feedback, and strategic
mathematics difficulties supports. Mathematics content
was sequenced to build
incrementally across lessons.
Students learned strategies to
solve problems.

reservations

Setting: 50 classrooms
in 10 schools in 1
school district in Texas
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Outcome domain
and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?
Clarke et al. Design: RCT Duration: 20-minute sessions; 5 Businessas  Counting and
(2017) Contrast: Whole times per week; 10 weeks usual core cardinality: 0.38*
Meets WWC  numbers understanding Content: Whole numbers _matthertr_latlcs General mathematics
; ; instruction ; . *
stf';mdards intervention vs. control Relevance to Recommendation: achievement: 0.19
without Participants: 529 Instruction included review,
reservations  yindergarten students  feedback, and strategic
with mathematics supports. Mathematics content
difficulties was sequenced to build
Setting: 69 classrooms incrementally across lessons.
in 14 schools in 4 school Students learned strategies to
districts in Oregonf solve problems.
Clarke et al. Design: RCT Duration: 30-minute sessions; 3 Businessas  Counting and
(2014) Contrast: Whole times per week; 20 weeks usual core cardinality: 0.14
Meets WWC  numbers understanding Content: Whole numbers ma:hertpatlcs Whole numbers
; ; instruction . *
stgndards intervention vs. control  Rojevance to Recommendation: and an knowledge: 0.82
without Partici . B - L :
. Participants: 88 Instruction included review, school- General mathematics
reservations  grade 1 students with  feedback, and strategic provided achievement: 0.11
mathematics difficulties  supports. Mathematigs content | jntervention
Setting: 9 schools in was sequenced to build
2 suburban school incrementally across lessons.
districts in the Pacific Students learned strategies to
Northwest region of solve problems.
the U.S.
Darch et al. Design: RCT Duration: 30-minute sessions; Instruction Whole numbers word
(1984) Contrast: Explicit 11-19 sessions total based_ on proplems/prczblem
Meets WWC  instruction (with or Content: Whole numbers ;natelrlalsd solving: 1.43
: evelope
standards without extended Relevance to Recommendation: ¢ fo%r
without practice) vs. basal Instruction included review, basal
reservations |n§truct|on (with or feedback, and strategic orograms
without extended supports. Mathematics content 54 "aqditional
ractice) ;
P was sequenced to build practice
Participants: 73 incrementally across lessons. lessons
grade 4 students with Students learned strategies to for some
mathematics difficulties  solve problems. students
Setting: 6 classrooms
in 1 school district
in Oregon
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Recommendation 1

Outcome domain
and WWC-
calculated effect
size®

Comparison
condition
description

Intervention condition
description

Study and
WWC rating

Study description?

Doabler et al. Design: RCT Duration: 20-minute sessions; 5 Business as General mathematics
(2016) Contrast: Whole times per week; 10 weeks usual core achievement: 0.28*
Meets WWC  numbers understanding Content: Whole numbers _matthertr_latlcs
| ) instruction
standards with intervention vs. control Relevance to Recommendation:
reservations  participants: 301 Instruction included review,
kindergarten students  feedback, and strategic
with mathematics supports. Mathematics content
difficulties was sequenced to build
Setting: 36 classrooms incrementally across Iess_ons.
in 9 urban and Students learned strategies to
suburban schools in solve problems.
2 school districts in
Boston, MA
Dyson et al. Design: RCT Duration: 30-minute sessions; 3 Businessas  Counting and
(2015) Contrast: Number times per week; 8 weeks usual core cardinality: 0.63*
Meets WWC  sense intervention with  Content: Whole numbers rna:he:patlcs Whole numbers
standards number-fact practice or  Rejevance to Recommendation: ::dr:ﬁ;on computation: 0.71*
without number-list practice Instruction included review, school-
reservations vs. control feedback, and strategic orovided
Participants: 126 supports. Mathematics content ;-\t ention
kindergarten students ~ was sequenced to build
with mathematics incrementally across lessons.
difficulties Students learned strategies to
Setting: 4 schools in2 ~ Solve problems.
urban school districts?
Dyson et al. Design: RCT Duration: 45-minute sessions; 5 Business as Rational numbers
(2018) Contrast: Fraction times per week; 6 weeks usual core computation: 0.48*
Meets WWC  sense intervention Content: Fractions _mattherpancs Rational numbers
instruction ;
standards vs. control Relevance to Recommendation: g any magnitude
without Participants: 52 Instruction included review, school- understanding/
reservations  grade 6 students with  feedback, and strategic provided relative maQ”'t_Ude .
mathematics difficulties ~supports. Mathematics content i\ ention understanding: 0.90
Setting: 2 schools in was sequenced to build Rational numbers
the northeast region of incrementally across lessons. knowledge: 0.99*
the U.S. Students learned strategies to
solve problems.
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Outcome domain
and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?
Fien et al. Design: RCT Duration: 15-minute sessions; 4 Business as Counting and
(2016) Contrast: Whole- times per week; 8 weeks usual core cardinality: 0.08
Meets WWC  number concepts Content: Whole numbers _matthertr_latlcs Whole numbers
standards intervention vs. control  Rgjevance to Recommendation: :'::dr:(r:\ ion magnitude
without Partici . - : y understanding/
) Participants: 238 Instruction included review, school- i :
reservations  grade 1 students with  feedback, and strategic provided relative mag”'t}ide
mathematics difficulties supports. Mathematics content 1o rvention understanding: 0.07
Setting: 26 classrooms was sequenced to build Whole numbers
in 9 schools in 2 incrementally across lessons. knowledge: 0.09*
suburban school Students learned strategies to
districts in Eugene and  SOIve problems.
Portland, OR
Fuchs et al. Design: RCT Duration: 40-minute sessions; 3 Business as Whole numbers
(2005) Contrast: Preventive times per week; 16 weeks usual core computation: 0.23
Meets WWC  mathematics tutoring Content: Whole numbers ma:hertpatlcs Whole numbers word
instruction
stgndards vs. control Relevance to Recommendation: proplems/prgblem
without Participants: 127 Instruction included review, solving: 0.51
reservations  grade 1 students with  feedback, and strategic General mathematics
mathematics difficulties  supports. Mathematics content achievement: 0.38*
Setting: 41 classrooms ~ Was sequenced to build
in 10 schools in 1 urban ncrementally across lessons.
school district in the Students learned strategies to
southeast region of solve problems.
the U.S.
Fuchs, Design: RCT Duration: 20- to 30-minute Business as Whole numbers word
Fuchs,etal.  ~gntrast: Word problem sessions, 3 times per week; usual core problems/problem
(2008) tutoring in Tier 2 13 weeks mathematics  solving: 0.95*
Meets WWC  (with or without word Content: Whole numbers 'nscterCt'z”'
: ; and wor
standards problem intervention Relevance to Recommendation:  ,ropjem
without - in Tier 1) vs. no word Instruction included review, instruction as
reservations problem tutoring in Tier feedback, and strategic
2 (with or without word ’ - part of core
i e supports. Mathematics content instruction
problem interventionin |, -« sequenced to build for some
Tier 1) incrementally across lessons. students
Participants: 243 Students learned strategies to
grade 3 students with solve problems.
mathematics difficulties
Setting: 120
classrooms in 1 urban
school district in the
southeast region of
the U.S.1
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Outcome domain
and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?
Fuchs et al. Design: RCT Duration: 10-minute sessions; 3 Computer- Whole numbers
(2006) Contrast: Computer- times per week; 18 weeks assisted computation: 0.39
Meets WWC  assisted instruction for ~ Content: Whole numbers l(rés;\rlt)lc’ﬁloq Whole numbers word
L similar
stgndards nu_mber_comblnatlon Relevance to Recommendation: 15 intenvention prob_lems/problem
without skill vs. irrelevant S ; > solving: 0.12
) Instruction included review, condition but
reservations con_trol (comp_uter- feedback, and strategic focused on
assisted spelling ; )
¢ X supports. Mathematics content resentin
instruction) : e e
was sequenced to build spelling
Participants: 33 _ incrementally across Iess_ons. words instead
grade 1 stgden_ts_ Wlth Students learned strategies to of number
mathematics difficulties solve problems. combinations
Setting: 9 classrooms
in 3 schools in 1 urban
school district
Fuchs, Geary, Design: RCT Duration: 30-minute sessions; 3 Business as Whole numbers
et al. (2013) Contrast: Number times per week; 16 weeks usual core computation: 0.63*
Meets WWC  knowledge tutoring Content: Whole numbers rna:he:patlcs Whole numbers word
standards (with speeded or non-  Rojevance to Recommendation: instruction proplems/prgblem
without . speeded practice) Instruction included review, solving: 0.24
reservations  vs. control feedback, and strategic Whole numbers
Participants: 591 supports. Mathematics content magnitude
grade 1 students with was sequenced to build understanding/
mathematics difficulties incrementally across lessons. relative magnitude
Setting: 233 Students learned strategies to understanding: —0.05
classrooms in 40 solve problems.
schools in 1 urban
school district in the
southeast region of
the U.S.T
Fuchs, Design: RCT Duration: 40-minute sessions; 3 Business as Rational numbers
Malone, etal. ,ntrast: Fractions times per week; 13 weeks usual core computation: 1.98*
(2019) magnitude intervention  Content: Whole numbers mathematics  Rational numbers
Meets WWC  with error analysis and fractions ms(tjructlon magnitude
; and an ;
standard; with vs. control Relevance to Recommendation: school-y undgrstandlng/
reservations  participants: 97 grade  Instruction included review, provided relative ma&?”'t_Ude .
4 and 5 students with  feedback, and strategic intervention understanding: 1.33
mathematics difficulties supports. Mathematics content Rational numbers
Setting: 49 classrooms ~ Was sequenced to build knowledge: 0.11
in 13 schools in 1 urban incrementally across lessons.
school district in the Students learned strategies to
southeast region of solve problems.
the U.S.1
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Outcome domain
and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?
Fuchs, Design: RCT Duration: 35-minute sessions; 3 Business as Rational numbers
Malone, etal. - nirast: Fractions times per week; 12 weeks usual core computation: 1.79*
(2016) intervention with Content: Fractions _matthertr_latlcs Rational numbers
Meets WWC instruction in providing  Relevance to Recommendation: I'::dr:(r:\ lon word problems/
standards explanations or solving  |,struction included review h Iy problem solving:
; ' school- *
without . word problems feedback, and strategic orovided 0.51
reservations  vs. control supports. Mathematics content i torvention  Rational numbers
Participants: 212 was sequenced to build magnitude
grade 4 students with incrementally across lessons. understanding/
mathematics difficulties = Students learned strategies to relative magnitude
Setting: 52 classrooms solve problems. understanding: 0.93*
in 14 schools in 1 Rational numbers
school district’ knowledge: 0.86*
Fuchs, Design: RCT Duration: 15- to 18-minute Tutoring Whole numbers
Powell, etal.  ~gnirast: Fact retrieval  S€ssions; 3 times per week; in word- computation: 0.08
(2008) with procedural 15 weeks identification  \yhole numbers word
Meets WWC  computation and Content: Whole numbers skills problems/problem
standarc{s with computgtlonal . Relevance to Recommendation: solving: 0.11
reservations  estimation tutoring Instruction included review, Whole numbers
vs. irrelevant control  foe4hack; and strategic magnitude
(word-identification supports. Mathematics content understanding/
skill tutoring) was sequenced to build relative magnitude
Participants: 66 incrementally across lessons. understanding: 0.82*
grade 3 students with Students learned strategies to General mathematics
mathematics difficulties  solve problems. achievement: 0.16
Setting: 80 classrooms
in 18 schools in
Nashville, TN and
Houston, TX®
Fuchs et al. Design: RCT Duration: 20- to 30-minute Business as Whole numbers
(2009) Contrast: Tutoring in sessions; 3 times per week; usual core computation: 0.59*
Meets WWC  solving word problems 16 weeks mathematics  \yhole numbers word
standards or automatic retrieval ~ Content: Whole numbers instruction problems/problem
without ' vs. control Relevance to Recommendation: solving: 0.41*
reservations  participants: 133 Instruction included review, Algebra and
grade 3 students with feedback, and strategic algebraic reasoning:
mathematics difficulties supports. Mathematics content 0.39*
Setting: 63 classrooms ~ Was sequenced to build
in 18 schools in 2 incrementally across lessons.
school districts in Students learned strategies to
Nashville, TN and solve problems.
Houston, TX'
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Outcome domain
and WWC-
calculated effect

WWC rating Study description? description description size®?
Fuchs et al. Design: RCT Duration: 20- to 30-minute Businessas  Whole numbers
(2010) Contrast: Word problem sessions, 3 times per week; usual core computation: 0.58*
Meets WWC instruction (with or 16 weeks mathematics  \yhole numbers word
standards without strategic Content: Whole numbers instruction problems/problem
without . counting practice) Relevance to Recommendation: solving: 0.52*
reservations  vs. control Instruction included review, Algebra and
Participants: 150 feedback, and strategic algebraic reasoning:
grade 3 students with supports. Mathematics content 0.87
mathematics difficulties was sequenced to build
Setting: 31 schools in incrementally across lessons.
2 urban school districts Students learned strategies to
in Nashville, TN and  Solve problems.
Houston, TX*
Fuchs, Design: RCT Duration: 30-minute sessions; 3 Business as Rational numbers
Schumacher, conirast: Fractions times per week; 12 weeks usual core computation: 2.50*
etal. (2013) | nderstanding Content: Fractions rna:he:patlcs Rational numbers
) . instruction ;
Meets WWC  intervention vs. control  Rajevance to Recommendation: and any magnitude _
standards Participants: 259 Instruction included review, school- understanding/
without ; ; s relative magnitude
. grade 4 students with feedback, and strategic provided - .
reservations  mathematics difficulties supports. Mathematics content intervention understanding: 1.46
Setting: 53 classrooms ~ Was sequenced to build Rational numbers
in 13 schoolst incrementally across lessons. knowledge: 0.92*
Students learned strategies to
solve problems.
Fuchs, Design: RCT Duration: 35-minute sessions; 3 Business as Rational numbers
Schumacher, Contrast: Fractions sessions per week; 12 weeks usual core computation; 1.34*
etal. (2016)  ntervention with Content: Fractions ma:he:patlcs Rational numbers
; i ; instruction
Meets WWC mstr_uc_tlon. in solving Relevance to Recommendation: g any word problerr_13/.
stgndards mult_lpllcatwe or Instruction included review, <chool- problem solving:
without _ additive word problems feedback, and strategic orovided 0.71
reservations  vs. control supports. Mathematics content i iorvention  Rational numbers
Participants: 213 was sequenced to build magnitude
grade 4 students with incrementally across lessons. understanding/
mathematics difficulties Students learned strategies to relative magnitude
Setting: 45 classrooms solve problems. understanding: 0.80*
in 14 schoolst Rational numbers
knowledge: 0.34*
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Outcome domain
and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?
Fuchs et al. Design: RCT Duration: 30-minute sessions; 3 Business as Rational numbers
(2014) Contrast: Fractions times per week; 12 weeks usual core computation: 1.33*
Meets WWC  knowledge intervention = Content: Fractions _matthertr_latlcs Rational numbers
standards with fluency activities  Relevance to Recommendation: Instruction magnitude
without . or conceptual activities | struction included review, undgrstandlng/
reservations vs. control feedback, and strategic relative magmt.ude .
Participants: 243 supports. Mathematics content understanding: 1.08
grade 4 students with was sequenced to build Rational numbers
mathematics difficulties  incrementally across lessons. knowledge: 0.58*
Setting: 49 classrooms Students learned strategies to
in 14 schools in 1 urban S°Ive problems.
school district?
Fuchs, Design: RCT Duration: 20- to 30-minute Business as Whole numbers
Seethaler, et o trast: Tutoring in sessions; 3 times per week; usual core computation: 0.49
al. (2008) solving word problems 12 weeks mathematics  \yhole numbers word
Meets WWC  vs. control Content: Whole numbers instruction problems/problem
standards with  paicipants: 35 Relevance to Recommendation: solving: 0.97*
reservations  grade 3 students with  Instruction included review, General mathematics
mathematics difficulties feedback, and strategic achievement: 0.19
Setting: 18 classrooms supports. Mathematics content
in 1 urban school was sequenced to build
district in the southeast incrementally across lessons.
region of the U.S. Students learned strategies to
solve problems.
Fuchs, Design: RCT Duration: 30-minute sessions; 3 Business as Whole numbers
Seethaler,et o trast: Word problem times per week; 15 weeks usual core computation: 0.65*
al. (2019) intervention (with or Content: Whole numbers rna:he:patlcs Whole numbers word
Meets WA/C  without language Relevance to Recommendation: o Hcton proplems/prczblem
st_andards instruction) or numb(_ar Instruction included review, solving: 0.49
without . knowledge intervention feedback, and strategic
reservations  vs. control supports. Mathematics content
Participants: 391 was sequenced to build
grade 1 students with incrementally across lessons.
mathematics difficulties Students learned strategies to
Setting: 186 solve problems.
classrooms in
21 schoolst
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Recommendation 1
Outcome domain

Study and

Intervention condition

Comparison
condition

and WWC-
calculated effect

WWC rating Study description? description description size®?
Gersten et al. Design: Cluster RCT Duration: 40-minute sessions; Business as General mathematics
(2015) Contrast: Number 3-4 times per week; 17 weeks usual core achievement: 0.34*
Meets WWC  operations intervention ~ Content: Whole numbers _matthertr_latlcs
; instruction
standards with vs. control Relevance to Recommendation:
reservations  participants: 881 Instruction included review,
grade 1 students with feedback, and strategic
mathematics difficulties supports. Mathematics content
Setting: 76 schools in 4 Was sequenced to build
urban school districts in  incrementally across lessons.
4 states in the south- Students learned strategies to
central and southwest ~ SOIve problems.
regions of the U.S.
Jayanthi et al. Design: RCT Duration: 35-minute sessions; Business as Rational numbers
(2018) Contrast: Small-group 3-4 times per week; 6-7 months  usual core computation:; 1.07*
Meets WWC  fractions intervention Content: Fractions rna:he:patlcs Rational numbers
instruction ;
standards vs. control Relevance to Recommendation: 4ng gny magnitude
without Participants: 186 Instruction included review, school- understanding/
reservations  grade 5 students with  feedback, and strategic provided relative mag”'t_Ude .
mathematics difficulties supports. Mathematics content o rvention understanding: 0.94
Setting: 3 school was sequenced to build Rational numbers
districts in the west and  incrementally across lessons. knowledge: 0.72*
southeast regions of Students learned strategies to
the U.S. solve problems.
Jitendra, Design: RCT Duration: 30-minute sessions, 5 Small-group Whole numbers word
Dupuis, etal.  cgntrast: Word problem times per week; 12 weeks tutoring in problems/problem
(2013) intervention vs. control  Content: Whole numbers ]tcop|csthselected solving: 0.46"
rom the core ;
Meets WWVC  paticipants: 109 Relevance to Recommendation: athematics General mathematlcs
standards grade 3 students with  Instruction included review, curriculum achievement: 0.34
without - mathematics difficulties feedback, and strategic (place value
reservations : supports. Mathematics content .- i
Setting: 28 classrooms plprelnih : whole numbers
in 9 schools in 1 large ~ Was sequenced to build addition and
urban school districtin  incrementally across lessons. subtraction
the Midwest region of ~ Students learned strategies to 55 tation
the U.S. solve problems. strategies, and
word problem
solving)
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Outcome domain
and WWC-
calculated effect

WWC rating Study description? description description size®?
Jitendra et al. Design: RCT Duration: 40- to 45-minute Instruction Whole numbers word
(1998) Contrast: Word problem sessions; 17-20 sessions total based on problems/problem
Meets WWC instruction vs. control  Content: Whole numbers abasal solving: 0.63
standards o ) mathematics
‘ Participants: 34 Relevance to Recommendation: program

without students in grades Instruction included review,
reservations  o_g \ith mathematics  feedback, and strategic

disabilities or difficulties supports. Mathematics content

Setting: 4 classrooms was sequenced to build

in 4 schools in incrementally across lessons.

the northeast and Students learned strategies to

southeast regions of solve problems.

the U.S.
Jitendra, Design: RCT Duration: 30-minute sessions; 5 Small-group Whole numbers
Rodriguez, et -~ ntrast: Word problem times per week; 12 weeks tutoring computation: —-0.40
al. (2013) intervention vs. control  Content: Whole numbers In |t°pt'cz Whole numbers word

selecte

Meets WWC  paicipants: 136 Relevance to Recommendation:  fom the core proplems/ pro*blem
standards grade 3 students with  Instruction included review, mathematics solving: 0.02
without mathematics difficulties feedback, and strategic curriculum General mathematics
reservations ) ; ; .

Setting: 35 classrooms supports. Mathematics content (place value achievement: 0.11

in 12 schools in 1 urban Was sequenced to build addition and

school district in the incrementally across lessons. subtraction,

Midwest region of Students learned strategies to and word

the U.S. solve problems. problem

solving)

Kanive et al. Design: RCT Duration: 15-minute sessions; 1 Business as Whole numbers
(2014) Contrast: Conceptual time per week; 2 weeks usual core computation: 0.29
Meets WWC  understanding Content: Whole numbers mathematics  \yhole numbers word
standards intervention vs. control  Ralevance to Recommendation: instruction probllen.1$/problem
without Participants: 57 grade  Instruction included verbal and/ solving: 0.16
reservations 4 and 5 students with  or visual supports.

mathematics difficulties

Setting: 1 school

in Minnesota'
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Recommendation 1
Outcome domain

Comparison | and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?
Malone et al. Design: RCT Duration: 35-minute sessions; 3 Business as Rational numbers
(2019) Contrast: Fractions times per week; 12 weeks usual core computation: 1.53*
Meets WWC intervention with word  Content: Fractions and decimals Mathematics  Rational numbers
standards problem instruction Relevance to Recommendation: instruction word problems/
without . or decnpal magnitude Instruction included review, problem solving:
reservations instruction vs. control feedback, and strategic 0.39
Participants: 225 supports. Mathematics content Rational numbers
grade 4 students with was sequenced to build magnitude
mathematics difficulties incrementally across lessons. understanding/
Setting: 58 classrooms Students learned strategies to relative magnitude
in 12 schools in 1 solve problems. understanding: 0.48*

school districtt Rational numbers
knowledge: 0.12

Powell and Design: RCT Duration: 10- to 15-minute Businessas  Whole numbers
Driver (2015)  cgntrast: Addition sessions; 3 times per week; usual core computation: 0.34
Meets WWC  tutoring (with or without 8 Weeks mathematics
standards embedded vocabulary  Content: Whole numbers instruction
without component) vs. control  Rejevance to Recommendation:
reservations  paricipants: 98 Instruction included review,

grade 1 students with feedback, and strategic

mathematics difficulties supports. Mathematics content

Setting: 58 classrooms ~ Was sequenced to build

in 18 schools in 2 incrementally across lessons.

school districts in the Students learned strategies to

mid-Atlantic region of  SOlve problems.

the U.S.T
Powell, Design: RCT Duration: 10- to 15-minute Business as Whole numbers
Driver, et al. Contrast: Standard sessions; 3 times per week; usual core computation: 0.23
(2015) equations tutoring or 4 Weeks mathematics  Aigebra and
Meets WWC  combined (standard Content: Whole numbers instruction algebraic reasoning:
standards and nonstandard) Relevance to Recommendation: 0.80"
without equations tutoring Instruction included review,

reservations vs. control feedback, and strategic

Participants: 51 supports. Mathematics content
grade 2 students with was sequenced to build
mathematics difficulties incrementally across lessons.
Students learned strategies to

Setting: 31 classrooms
solve problems.

in 10 schools in 2
school districts in the
mid-Atlantic region of
the U.S.t
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Recommendation 1
Outcome domain

Comparison | and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?

Powell, Design: Cluster QED Duration: Tier 1 portion: 40- to Businessas  Whole numbers
Fuchs,etal.  ontrast: Word- 45-minute sessions; 2 times per usual core computation: 0.80*
(2015) Mintervention or Week; 17 weeks; Tier 2 portion ~ mathematics

Meets WWC calculation intervention (beginning week 4 of the Tier instruction

1 portion): 25- to 30-minute
sessions; 3 times per week

standards with vs. control

reservations  participants: 265
grade 2 students with Content: Whole numbers
mathematics difficulties Relevance to Recommendation:
Setting: 110 classrooms Instruction included review,
in 25 schools in 1 urban feedback, and strategic
school district! supports. Mathematics content
was sequenced to build
incrementally across lessons.
Students learned strategies to
solve problems.
Powell et al. Design: RCT Duration: 22- to 25-minute Business as Whole numbers
(2009) Contrast: Fact retrieval  S€Ssions; 3 times per week; usual core computation: 0.71*
Meets WWC  practice or conceptual 19 Weeks mathematics
standards instruction with fact Content: Whole numbers instruction

without retrieval practice
reservations vs. control

Relevance to Recommendation:
Instruction included review,
Participants: 101 feedback, and strategic

grade 3 students with supports. Mathematics content
mathematics difficulties was sequenced to build
incrementally across lessons.
Students learned strategies to

Setting: 75 classrooms
in 17 schools in

Nashville, TN and solve problems.

Houston, TX'
Swanson Design: RCT Duration: 30-minute sessions; 3 Business as Whole numbers word
(2014) Contrast: Word problem times per week; 8 weeks usual core problems/problem
Meets WWC  instruction—verbal Content: Whole numbers mathematics  solving: 0.04
standards plus visual strategies  Rejevance to Recommendation: instruction General mathematics
without . condition vs. control Instruction included review, achievement: 0.19
reservations

Participants: 33 feedback, and strategic

grade 3 students with supports. Mathematics content
mathematics difficulties was sequenced to build
incrementally across lessons.
Students learned strategies to
solve problems.

Setting: 22 classrooms
in 2 schools in 1 school
district in the southwest
region of the U.S.T
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Outcome domain
and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?
Swanson, Design: RCT Duration: 30-minute sessions; 3 Business as Whole numbers word
Lussier, etal. -onirast: Word problem times per week; 8 weeks usual core proplems/problem
(2013) instruction with heuristic Content: Whole numbers matthertr_latlcs solving: 0.57
Meets WA/C  strategy plus visual Relevance to Recommendation: o Heton General mathematlcs
stgndards schematic diagrams Instruction included review, achievement: 0.62
without vs. control feedback, and strategic
reservations  participants: 38 supports. Mathematics content
grade 3 students with was sequenced to build
mathematics difficulties incrementally across lessons.
Setting: 21 classrooms? Students learned strategies to
solve problems.
Swanson, Design: RCT Duration: 30-minute sessions; 2 Small-group ~ Whole numbers word
Moran, etal.  onirast: Word times per week; 10 weeks Futorir)g probllen.1$/problem
(2013) problem instruction—  Content: Whole numbers in |t°pt'cz solving: 0.39
i selecte
Meets WWC  complete condition Relevance to Recommendation: o the core
standards vs. control (students PN : )
‘ > ) Instruction included review, mathematics
without with mathematics i .
) e feedback, and strategic curriculum
reservations difficulties only) supports. Mathematics content
Participants: 33 was sequenced to build
grade 3 students with incrementally across lessons.
mathematics difficulties =~ Students learned strategies to
Setting: 12 classrooms ~ S©lve problems.
in 4 schools in 2
school districts in the
southwest region of
the U.S.T
Swanson, Design: RCT Duration: 30-minute sessions; 2  Small-group Whole numbers word
Moran, et al. Contrast: Word times per week; 10 weeks ?nstru.ction prob_lems/problem
(2014) problem instruction—  Content: Whole numbers In |t°pt'cz solving: 0.14
i selecte
Meets WWC  complete condition Relevance to Recommendation:  fom the core
standards with vs. control (students PR ; )
! > ) Instruction included review, mathematics
reservations with mathematics ; ,
e feedback, and strategic curriculum
difficulties only) supports. Mathematics content
Participants: 45 was sequenced to build
grade 3 students with incrementally across lessons.
mathematics difficulties Students learned strategies to
Setting: 12 classrooms ~ SOlve problems.
in 4 schools in 2
school districts in the
southwest region of
the U.S.T
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Recommendation 1
Outcome domain

Comparison | and WWC-

Study and Intervention condition condition calculated effect
WWC rating | Study description? description description | size®
Swanson, Design: RCT Duration: 30-minute sessions; 3 The same Whole numbers word
Orosco, etal. ~onirast: Word problem times per week; 8 weeks yvord pr_oblem prot?len."ls/problem
(2014) instruction—material, ~ Content: Whole numbers 'nSiLUCt'O” solving: ~0.01
; as the ;

Meets WWC verbal,_and wsu_a}I Relevance to Recommendation: +ervention Gen_eral mathematics
standarc{s with strategles condltlon.\{s. Instruction included review, condition achievement: 0.69
reservations materials-only condition feedback, and strategic without the

Participants: 29 supports. Mathematics content specific

grade 3 students with was sequenced to build strategy

mathematics difficulties incrementally across Iesgons. instruction

Setting: 18 classrooms Students learned strategies to

in 1 school district solve problems.

in Californiaf
Tournaki Design: RCT Duration: 15-minute sessions; 5 Business as Whole numbers
(2003) Contrast: Minimum- times per week; 8 days usual core computation: 2.30*
Meets WWC  addend strategy Content: Whole numbers _rnattheTancs

; ; instruction
stgndards instruction vs. control Relevance to Recommendation:
without Participants: 28 Instruction included review,
reservations  grade 2 students with  feedback, and strategic

mathematics disabilities supports. Mathematics content

or difficulties was sequenced to build

Setting: 1 urban school incrementally across lessons.

district in New York® Students learned strategies to

solve problems.
Wang et al. Design: RCT Duration: 35-minute sessions; 3 Business as Whole numbers
(2019) Contrast: Fractions times per week; 13 weeks usual core computation: 0.59*
Meets WWC  intervention with word  Content: Whole numbers mathematics  Rational numbers
standards problem instruction and fractions '”ScterCt'o” computation: 1.27*
; ; i and an

without (with or without self- Relevance to Recommendation: school-y Rational numbers
reservations  regulation) vs. control  |nstriction included review, provided word problems/

Participants: 84 . feedback, and strategic intervention problem solving:

grade 3 students with supports. Mathematics content 0.69*

mathematics difficulties was sequenced to build
incrementally across lessons.
Students learned strategies to
solve problems.

Rational numbers
magnitude
understanding/
relative magnitude
understanding: 0.95*

Setting: 29 classrooms
in 8 schools in 1 urban
school district?

Rational numbers
knowledge: 0.85*
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Recommendation 1
Outcome domain

Comparison | and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?

Watt and Design: RCT Duration: 30-minute sessions; 5 Small-group  Algebra and
Therrien times per week; 2 weeks supplemental algebraic reasoning:

Contrast: Pre-teaching
(2016) plus concrete- Content: Fractions
Meets WWC representational-
standards with abstract instructional
reservations sequence Vvs.
supplemental
reading instruction

reading 0.09

) instruction
Relevance to Recommendation:

Instruction included review,
feedback, and strategic
supports. Mathematics content
was sequenced to build
Participants: 32 incrementally across lessons.
grade 6 students with Students learned strategies to
mathematics difficulties solve problems.

Setting: 4 classrooms

in 2 schools
Note: Each row in this table represents a study, defined by the WWC as an examination of the effect of an intervention on a
distinct sample.

aSample size represents the maximum number of participants in the study. In some studies, the number of participants varied
across the outcome measures.

b Effect sizes presented are from the posttest closest to the end of the intervention. For brevity, only the domain average effect
size and statistical significance are reported in this table. For studies that included multiple outcomes in a domain, reported
effect sizes and statistical significance are for the domain and calculated as described in the WWC Procedures Handbook
(version 4.0).

* Significant at p < 0.05.
T Indicates that the information is for the entire study (across all conditions).

Supplemental Findings for Recommendation 1

Supplemental findings (including impacts for follow-up, sub-scale, and distal measures) for 13 studies
are available at the corresponding study pages on the WWC website.!58

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Appendix C | 85



Appendix C

Recommendation 2: Mathematical Language

Teach clear and concise mathematical language and support students’ use of
the language to help students effectively communicate their understanding of
mathematical concepts.

Rationale for a Strong Level of Evidence

The WWC and the expert panel assigned Recommendation 2 a strong level of evidence based on 16
studies.!™ The 16 studies collectively have strong internal validity. Twelve studies meet WWC group
design standards without reservations because they were RCTs with low sample attrition.'$® Four
studies meet WWC group design standards with reservations because they were either compromised
RCTs or RCTs with high sample attrition, but the analytic intervention and comparison groups

in each satisfied the baseline equivalence requirement.'! In addition, the 16 studies demonstrate
strong external validity as their samples collectively included 3,060 students and 182 schools across
multiple states.!62

Across the 16 studies, there were findings in eight of the key outcome domains for this
recommendation (Table C.5). The meta-analytic effect sizes for six of these domains were
statistically significant and positive: counting and cardinality (g = 0.47, p < 0.01), general mathematics
achievement (g = 0.93, p < 0.01), rational numbers computation (g = 1.60, p < 0.01), rational numbers
knowledge (g = 0.52, p < 0.01), rational numbers magnitude understanding/relative magnitude
understanding (g = 0.99, p < 0.01), and whole numbers computation (g = 0.39, p < 0.01). In the whole
numbers magnitude understanding/relative magnitude understanding and algebra and algebraic
reasoning domains, there were not statistically significant effect sizes.

Table C.5. Domain-level effect sizes across the 16 studies supporting Recommendation 2

95%

Number of Confidence

studies (k) interval p Value
Algebra and Algebraic Reasoning 0.23 NA ns
Counting and Cardinality 3 0.47 [0.31-0.63] <0.01
General Mathematics Achievement 4 0.93 [0.81-1.04] <0.01
Rational Numbers Computation 7 1.60 [1.48-1.73] <0.01
Rational Numbers Knowledge 7 0.52 [0.40-0.63] <0.01
Ratlopal Numbers Mag_nltude Understanding/Relative 7 0.99 [0.88—1.11] <001
Magnitude Understanding
Whole Numbers Computation 6 0.39 [0.30-0.49] <0.01
Whole Numbers Magnitude Understanding/Relative 1 ~0.05 NA ns

Magnitude Understanding

Note: All effect sizes were calculated using a fixed-effects meta-analytic effect size across studies except for the algebra
and algebraic reasoning and whole numbers magnitude understanding/relative magnitude understanding domains. These
two domains had findings from just one study each; the effect sizes presented here are the WWC-calculated domain-level
average effect sizes for the individual relevant study for each domain. ns = nonsignificant findings; NA = not applicable;

k = number of studies with at least one outcome in the relevant domain and contributed to the meta-analytic effect size.

a Significant findings are bolded.
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The 16 studies relevant to this recommendation have a preponderance of positive evidence,

strong internal and external validity, and are closely aligned with the practices outlined in the
recommendation. Therefore, the panel and the WWC determined that the recommendation receives
a strong evidence rating. This rating is supported by the strength of the evidence according to the
following criteria:

e Consistency of effects on relevant outcomes. Across the eight relevant domains with findings
from studies that meet WWC standards, six had a statistically significant positive meta-analytic effect
size. The other two domains had uncertain effects (they did not have statistically significant effect
sizes). No domains had statistically significant, negative effect sizes.

» Extent of evidence. The 16 studies related to this recommendation demonstrated positive
effects with a medium to large extent of evidence. Five of the eight relevant domains (counting
and cardinality, rational numbers computation, rational numbers knowledge, rational numbers
magnitude understanding/relative magnitude understanding, and whole numbers computation)
had statistically significant, positive meta-analytic effect sizes, with more than 50 percent of
the meta-analytic weight from studies that meet WWC standards without reservations, and had
samples of more than 350 students and multiple districts and states. These five domains represent a
preponderance of the key outcome domains with findings for this recommendation.

e Relationship between the evidence and recommendation. The 16 studies supporting this
recommendation exhibit a strong relationship between the evidence and recommended practices
because all 16 studies include at least one of the recommended practices as a major component (see
below for more information). Multiple studies supported each How-to Step in the recommendation.

* Relevancy. The 16 studies supporting this recommendation have relevant samples, contexts,
comparisons, and outcomes. The studies included samples of students with, or at risk for
mathematics difficulties in kindergarten through grade 5; examined interventions that were
implemented as a supplement to Tier 1 instruction or in a resource room; and measured outcomes
in relevant domains. The interventions ranged from roughly 8 weeks to 6-7 months in duration.

A Brief Summary of the Studies Providing Evidence for the Recommendation

The 16 studies were directly related to the recommendation, with all studies testing interventions that
included the recommended practices as a major component. All 16 studies included mathematical
language to help boost student understanding of mathematics concepts and procedures. Nine studies
examined interventions that addressed whole-numbers concepts,'¢? six addressed rational-numbers
concepts,'®* and one study addressed both whole-numbers and rational-numbers concepts.!6

Multiple studies related to each of the recommendation’s How-to Steps. In 12 studies,'$% students
were taught a focused set of mathematical vocabulary words and their definitions (How-to Step 1).
Integrating and using mathematical language throughout instruction occurred in 13 studies (How-to
Step 2).1%7 In 14 studies,®® students explained their mathematical thinking and verbalized solution
methods; however, in three of these studies,¢® students were held accountable for high-quality
explanations using precise mathematical language which is the preference of the panel (How-to Step 3).
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Table C.6. Studies providing evidence for Recommendation 2: Teach clear and concise mathematical
language and support students’ use of the language to help students effectively communicate their
understanding of mathematical concepts

Recommendation 2

Study and
WWC rating

Study description?®

Intervention condition
description

Comparison
condition
description

Outcome domain
and WWC-
calculated effect
size®

Bryantetal. Design: Cluster RCT Duration: 25- to 28-minute Businessas  Counting and
(2016) Contrast: Early sessions; 4 times per week; usual core cardinality: 0.86*
Meets WWC  numeracy intervention 23 Weeks mathematics  Genera|
standards with vs. control Content: Whole numbers '”s(terCt'O” mathematics
; and an ; : *

reservations  participants: 71 Relevance to Recommendation: school-y achievement: 0.99

kindergarten students  Students learned mathematical provided

with mathematics vocabulary and instruction was  intarvention

difficulties provided using mathematically

Setting: 32 classrooms ~ Precise terminology.

in 16 schools in urban

school districts in Texas
Clarke et al. Design: RCT Duration: 20-minute sessions; 5 Business as Counting and
(2017) Contrast: Whole times per week; 10 weeks usual core cardinality: 0.38*
Meets WWC  numbers understanding Content: Whole numbers mathematics  General
standards intervention vs. control  Rulevance to Recommendation: instruction mathematics
without Participants: 529 Students learned how to provide achievement: 0.19"
reservations  yindergarten students  verbal explanations of their

with mathematics problem-solving processes.

difficulties

Setting: 69 classrooms

in 14 schools in 4

school districts

in Oregont
Doabler et al. Design: RCT Duration: 20-minute sessions; 5 Business as General
(2016) Contrast: Whole times per week; 10 weeks usual core mathematics
Meets WWC  numbers understanding Content: Whole numbers _mattherpancs achievement: 0.28"

instruction

standards with

reservations

intervention vs. control

Participants: 301
kindergarten students

with mathematics
difficulties

Setting: 36 classrooms

in 9 urban or suburban
schools in 2 school
districts in Boston, MA

Relevance to Recommendation:
Students learned how to provide
verbal explanations of their
problem-solving processes.
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Study and

Intervention condition

Comparison
condition

Appendix C

Outcome domain
and WWC-
calculated effect

WWC rating Study description? description description size®?
Dyson et al. Design: RCT Duration: 30-minute sessions; 3 Businessas  Counting and
(2015) Contrast: Number- times per week; 8 weeks usual core cardinality: 0.63*
Meets WWC  sense intervention with  Content: Whole numbers _matthertr_latlcs Whole numbers
standards number-fact practice or  Rejevance to Recommendation: ';:dr:‘r:“'/o” computation: 0.71*
without number-list practice Students learned mathematical ¢ o).
reservations  vs. control vocabulary and instruction was o ovided
P_articipants: 126 prov!ded usipg mathematically  intervention
kindergarten students  precise terminology.
with mathematics
difficulties
Setting: 4 schools in 2
urban school districts?
Fuchs, Geary, Design: RCT Duration: 30-minute sessions; 3 Business as Whole numbers
et al. (2013) Contrast: Number times per week; 16 weeks usual core computation: 0.63*
Meets WWC  knowledge tutoring Content: Whole numbers ma:he:patlcs Whole numbers
standards (with speeded or non-  Rejevance to Recommendation: b et magnitude
without _ speeded practice) Students learned mathematical und(-?rstandlng/
reservations vs. control vocabulary and how to relative magnlt.ude
Participants: 591 provide verbal explanations understanding:
grade 1 students with of their problem-solving -0.05
mathematics difficulties processes. Instruction was
Setting: 233 provided using mathematically
classrooms in 40 precise terminology.
schools in 1 urban
school district in the
southeast region of
the U.S.T
Fuchs, Design: RCT Duration: 40-minute sessions; 3 Business as Rational numbers
Malone, etal. ,ntrast: Fractions times per week; 13 weeks usual core computation: 1.98*
(2019) magnitude intervention  Content: Whole numbers and mathematics  Rational numbers
Meets WWC  with error analysis fractions :ns(’;r:cr:]tlon magnitude
standards with vs. control Relevance to Recommendation: school—y unde_rstandlng/
reservations  paricipants: 97 grade  Students learned mathematical provided relative magnitude |
4 and 5 students with  vocabulary and how to provide  jntervention understanding: 1.33
mathematics difficulties  verbal explanations of their Rational numbers
Setting: 49 classrooms problem-solving processes while knowledge: 0.11
in 13 schools in 1 urban incorporating the vocabulary
school district in the they learned. Instruction was
southeast region of provided using mathematically
the U St precise terminology.
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Recommendation 2

Comparison

Appendix C

Outcome domain
and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?
Fuchs, Design: RCT Duration: 35-minute sessions; 3 Business as Rational numbers
Malone, etal. ,nirast: Fractions times per week; 12 weeks usual core computation: 1.94*
intervention wi ontent: Fractions X : ational numbers
Meets WWC  instruction in providing  Rejevance to Recommendation: il magnitude
st?gga[ ds explanations vs. control  gy,dents learned mathematical ?;g?rsetar‘:gg:wgt/ do
withou A . ; iv itu
_ Participants: 143 vocabulary and how to provide o .
reservations  grade 4 students with  verbal and written explanations understanding: 1.04
mathematics difficulties  of their problem-solving Rational numbers
Setting: 52 classrooms ~ Processes. Instruction was knowledge: 0.57*
in 14 schools in 1 provided using mathematically
“elroe] dherE precise terminology.
Fuchs et al. Design: RCT Duration: 20- to 30-minute Businessas  Whole numbers
. o sessions; 3 times per week; usual core computation: 0.
(2009) Contrast: Tutoring in i 3ti k | ’ tati 0.56"
Meets WWC  automatic retrieval 16 weeks mathematics  Aigebra and
standards vs. control Content: Whole numbers instruction algebraic reasoning:
without - Participants: 91 Relevance to Recommendation: 0.23
reservations  grade 3 students with  Students learned how to
mathematics difficulties  provide verbal explanations
Setting: 63 classrooms of their problem-solving
in 18 schools in 2 processes and instruction was
school districts in provided using mathematically
Nashville, TN and precise terminology.
Houston, TX'
Fuchs, Design: RCT Duration: 30-minute sessions; 3 Business as Rational numbers
Schumacher, ~gnirast: Fractions times per week; 12 weeks usual core computation: 2.50*
etal. (2013) | ,ngerstanding Content: Fractions m:ttrr:;rt?:rt]lcs Rational numbers
Meets WWC intervention vs. control  Rojevance to Recommendation: ey magnitude _
standards Participants: 259 Students learned mathematical  gchool- understanding/
without grade 4 students with  vocabulary and how to provided relative mag”'t_Ude .
reservations  mathematics difficulties ~ provide verbal explanations intervention understanding: 1.46
Setting: 53 classrooms of their problem-solving Rational numbers
7% e el processes. Instruction was knowledge: 0.92*
provided using mathematically
precise terminology.
Fuchs, Design: RCT Duration: 35-minute sessions; 3 Business as Rational numbers
Schumacher, Contrast: Fractions times per week; 12 weeks usual core computation: 1.34*
etal. (2016)  ntervention with Content: Fractions _mattherpatlcs Rational numbers
; P ; instruction ;
Meets WWC mstr_uc_’uon. in solvmg _ Relevance to Recommendation: 4 any magnitude _
stgndards multiplicative or additive g4,dents learned mathematical chool- undgrstandlng/
without . word problems vocabulary and how to orovided relative magnltlude .
reservations vs. control provide verbal explanations i tervention understanding: 0.80
Participants: 213 of their problem-solving Rational numbers
grade 4 students with processes. Instruction was knowledge: 0.34*
mathematics difficulties  provided using mathematically
Setting: 45 classrooms ~ Precise terminology.
in 14 schoolst
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Recommendation 2

Outcome domain
and WWC-
calculated effect

Comparison
condition

Study and

Intervention condition

WWC rating Study description? description description size®?
Fuchs et al. Design: RCT Duration: 30-minute sessions; 3 Business as Rational numbers
(2014) Contrast: Fractions times per week; 12 weeks usual core computation: 1.33*
Meets WWC  knowledge intervention Content: Fractions mathematics  Rational numbers
standards with fluency activities or ' Relevance to Recommendation: instruction magnitude
without . conceptual activities Students learned mathematical unde_rstandlng/
reservations vs. control vocabulary and how to relative magnltlude .
Participants: 243 provide verbal explanations understanding: 1.08
grade 4 students with of their problem-solving Rational numbers
mathematics difficulties processes. Instruction was knowledge: 0.58*
Setting: 49 classrooms provided using mathematically
in 14 schools in 1 urban Precise terminology.
school district’
Fuchs, Design: RCT Duration: 30-minute sessions; 3 Business as Whole numbers
Seethaler, et o, irast: Number times per week; 15 weeks usual core computation: 0.59*
al. (2019) knowledge intervention  Content: Whole numbers rna:he:patlcs
instruction
Meets WWC  vs. control Relevance to Recommendation:
standards Participants: 196 Students learned the meanings
without grade 1 students with  of mathematical symbols
reservations  mathematics difficulties and how to provide verbal
Setting: 186 explanations of their problem-
classrooms in solving processes.
21 schoolst
Jayanthi et al. Design: RCT Duration: 35-minute sessions; Business as Rational numbers
(2018) Contrast: Small-group 3-4 times per week; 6-7 months usual core computation: 1.07*
Meets WWC  fractions intervention Content: Fractions _mattherpancs Rational numbers
instruction ;
stgndards vs. control Relevance to Recommendation: 4, any magnitude .
without Participants: 186 Students learned mathematical ¢ hoo- understanding/
reservations  grade 5 students with  vocabulary and how to provide provided relative mag”'t_Ude .
mathematics difficulties  verbal and written explanations i ention understanding: 0.94
Setting: 3 school of their problem-sol_ving Rational numberf
districts in the west and Processes. Instruction was knowledge: 0.72
southeast regions of provided using mathematically
the U.S. precise terminology.
Malone et al. Design: RCT Duration: 35-minute sessions; 3 Business as Rational numbers
(2019) Contrast: Fractions times per week; 12 weeks usual core computation: 1.53*
Meets WWC intervention with word  Content: Fractions and decimals _matthertr_latlcs Rational numbers
standards problem instruction Relevance to Recommendation: o Heton magnitude
without . or decnpal magnitude Students learned mathematical unde_rstandmg/
reservations instruction vs. control vocabulary and how to relative magnltlude .
Participants: 225 provide verbal explanations understanding: 0.48
grade 4 students with of their problem-solving Rational numbers
mathematics difficulties processes. Instruction was knowledge: 0.12
Setting: 58 classrooms provided using mathematically
in 12 schools in 1 precise terminology.
school district’
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Recommendation 2
Outcome domain

Comparison |and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?

Powell and Design: RCT Duration: 10- to 15-minute Businessas  Whole numbers
Driver (2015)  ontrast: Addition sessions; 3 times per week; usual core computation: 0.18
Meets WWC  tutoring with embedded 8 Weeks mathematics

standards vocabulary component  Content: Whole numbers instruction

without vs. control

Relevance to Recommendation:

reservations  participants: 63 Students learned mathematical

grade 1 students with vocabulary and how to

mathematics difficulties provide verbal definitions.

Setting: 58 classrooms Ins_tructlon was prowded

in 18 schools in 2 using mathematically

school districts in the ~ Precise terminology.

mid-Atlantic region of

the U.S.T
Smith et al. Design: RCT Duration: 30-minute sessions; Businessas = Whole numbers
(2013) Contrast: Intensive 4-5 times per week; 12 weeks usual core computation: 0.14*
Meets WWC  one-to-one tutoringin ~ Content: Whole numbers mathematics  Ggneral
standards with arithmetical knowledge  Rgjevance to Recommendation: instruction mathematics

reservations vs. control achievement: 1.82*

Students learned to provide
Participants: 775 verbal explanations of their
grade 1 students with problem-solving processes.
mathematics difficulties

Setting: 20 schools in
5 school districts in
2 states’

Note: Each row in this table represents a study, defined by the WWC as an examination of the effect of an intervention on a
distinct sample.

aSample size represents the maximum number of participants in the study. In some studies, the number of participants varied
across the outcome measures.

b Effect sizes from presented are from the posttest closest to the end of the intervention. For brevity, only the domain average
effect size and statistical significance are reported in this table. For studies that included multiple outcomes in a domain,
reported effect sizes and statistical significance are for the domain and calculated as described in the WWC Procedures
Handbook (version 4.0).

* Significant at p < 0.05.
T Indicates that the information is for the entire study (across all conditions).

Supplemental Findings for Recommendation 2

Supplemental findings (including impacts for follow-up, sub-scale, and distal measures) for four
studies are available at the corresponding study pages on the WWC website.!™

From the multiple contrast studies, one study included a contrast between two treatment conditions
that assessed whether teaching vocabulary definitions within an intervention focused on addition
computation impacted computation performance.!” Because both treatments integrated the use of
these mathematics vocabulary words into each lesson (How-to Step 2), this contrast is only looking at
the value added by providing separate instruction on these word meanings (How-to Step 1). Impacts for
whole numbers computation were not statistically significant and therefore inconclusive (g = -0.32).
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Recommendation 3: Representations

Use a well-chosen set of concrete and semi-concrete representations to support
students’ learning of mathematical concepts and procedures.

Rationale for a Strong Level of Evidence

The WWC and the expert panel assigned Recommendation 3 a strong level of evidence based on 28
studies.'” Together the studies have strong internal validity. Nineteen studies meet WWC group design
standards without reservations because they were RCTs with low sample attrition.'”® Nine studies meet
WWC group design standards with reservations because they were either compromised RCTs, RCTs with
high sample attrition, or QEDs, but the analytic intervention and comparison groups in each satisfied
the baseline equivalence requirement.” In addition, the 28 studies demonstrate strong external validity
as their samples collectively included 6,272 students and 404 schools across multiple states.'”

Across the 28 studies, there were findings in nine of the relevant domains for this recommendation
(Table C.7). The meta-analytic effect sizes for eight domains were statistically significant and positive:
algebra and algebraic reasoning (g = 0.48, p < 0.05), counting and cardinality (g = 0.34, p < 0.01), general
mathematics achievement (g = 0.64, p < 0.01), rational numbers computation (g = 1.46, p < 0.01), rational
numbers knowledge (g = 0.58, p < 0.01), rational numbers magnitude understanding/relative magnitude
understanding (g = 0.99, p < 0.01), whole numbers computation (g = 0.43, p < 0.01), and whole numbers
knowledge (g = 0.28, p < 0.05). In the whole numbers magnitude understanding/relative magnitude
understanding domain, there was not a statistically significant effect size.

Table C.7. Domain-level effect sizes across the 28 studies supporting Recommendation 3

95%
Number of Confidence

Domain studies (k) | Effect size® | interval

Algebra and Algebraic Reasoning 2 0.48 [0.01-0.95] <0.05
Counting and Cardinality 5 0.34 [0.21-0.47] <0.01
General Mathematics Achievement 9 0.64 [0.56-0.71] <0.01
Rational Numbers Computation 10 1.46 [1.35-1.57] <0.01
Rational Numbers Knowledge 10 0.58 [0.48-0.69] <0.01
I\R/Iaat;;]riltildgquJ’r;]Zeerrztl\a/llsgirrl]léude Understanding/Relative 9 0.99 [0.88-1.09] <0.01
Whole Numbers Computation 1" 0.43 [0.34-0.51] <0.01
Whole Numbers Knowledge 2 0.28 [0.06-0.50] <0.05
Whole Numbers Magnitude Understanding/Relative 3 0.05 [~0.09-0.18] ns

Magnitude Understanding

Note: All effect sizes were calculated using a fixed-effects meta-analytic effect size across studies. ns = nonsignificant findings;
k = number of studies with at least one outcome in the relevant domain and contributed to the meta-analytic effect size.

a Significant findings are bolded.
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The 28 studies relevant to this recommendation have a preponderance of positive evidence,

strong internal and external validity, and are closely aligned with the practices outlined in the
recommendation. Therefore, the WWC and the panel determined that the recommendation receives
a strong evidence rating. This rating is supported by the strength of the evidence according to the
following criteria:

e Consistency of effects on relevant outcomes. Of the nine relevant domains with findings from
studies that meet WWC standards, eight domains had statistically significant, positive meta-analytic
effect sizes. The other domain had uncertain effects (it did not have a statistically significant meta-
analytic effect size). No domains had statistically significant, negative effect sizes.

» Extent of evidence. The 28 studies related to this recommendation demonstrated positive
effects with a medium to large extent of evidence. Five of the nine relevant domains (counting
and cardinality, rational numbers computation, rational numbers knowledge, rational numbers
magnitude understanding/relative magnitude understanding, and whole numbers computation)
had statistically significant, positive meta-analytic effect sizes, with more than 50 percent of
the meta-analytic weight from studies that meet WWC standards without reservations, and had
samples of more than 350 students and multiple districts and states. These five domains represent a
preponderance of the relevant domains with findings for this recommendation.

e Relationship between the evidence and recommendation. The studies supporting this
recommendation exhibit a strong relationship between the evidence and recommended practices
because all 28 studies include at least one of the recommended practices as a major component (see
below for more information).

* Relevancy. The 28 studies supporting this recommendation have relevant samples, contexts,
comparisons, and outcomes. The studies included samples of students with, or at risk for,
mathematics difficulties in kindergarten through grade 6; examined interventions that were
implemented as a supplement to Tier 1 instruction or in a resource room; and measured outcomes
in relevant domains. The interventions ranged from roughly 2 weeks to 6-7 months in duration.

A Brief Summary of the Studies Providing Evidence for the Recommendation

The 28 studies were directly related to the recommendation, with all studies testing interventions that
included the recommended practices as a major component. All 28 studies used three-dimensional,
concrete representations (e.g., connecting cubes, fraction tiles, manipulatives) and two-dimensional,
semi-concrete representations (e.g., visual diagrams, figures, pictures). In eight studies, number lines
were the only semi-concrete representation that was used.'”® We discuss number lines in greater detail
in Recommendation 4. Seventeen studies examined interventions that addressed whole-number
concepts,'”” nine studies addressed rational number concepts,'” and two studies addressed both.'”®

Multiple studies related to most of the recommendation’s How-to Steps, while one How-to Step is
based on the panel’s expertise. The panel provides advice on how to select representations based on
the concept being taught (How-to Step 1). In all 28 studies, representations were used to help students
visualize the mathematics they were learning. In 25 studies, teachers connected concrete and/or
semi-concrete representations to the abstract representation or mathematical notation (How-to Step
2).180 Students used concrete and/or semi-concrete representations as a “thinking tool” to model the
mathematics they were learning in 17 studies (How-to Step 3).1® In 11 studies, the intervention revisited
the use of representations periodically to reinforce and deepen student learning (How-to Step 4).!82
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Table C.8. Studies providing evidence for Recommendation 3: Use a well-chosen set of concrete and semi-
concrete representations to support students’ learning of mathematical concepts and procedures

Recommendation 3

Outcome domain

Comparison | and WWC-
Study and Intervention condition condition calculated effect
WWC rating | Study description? description description | size®
Barbieri et al. Design: RCT Duration: 45-minute sessions; 5 Business as Rational numbers
(2019) Contrast: Eractions times per week; 6 weeks usual core computation: 0.17
Meets WWC intervention vs. control  Content: Fractions ma:herpatlcs Rational numbers
; instruction . *
standards with  paicipants: 51 Relevance to Recommendation: knowledge: 1.09
reservations  grade 6 students with  Students learned to connect
mathematics difficulties concrete and/or semi-concrete
Setting: 7 classrooms ~ fépresentations to
in 2 schools in the abstract representations.
northeast region of
the U.S.
Bryantetal. Design: Cluster RCT Duration: 25- to 28-minute Business as Counting and
(2016) Contrast: Early sessions; 4 times per week; usual core cardinality: 0.86*
Meets WWC  numeracy intervention ~ 23 Weeks mathematics  General
standards with vs. control Content: Whole numbers ms(tjructlon mathematics
; and an ; . *
reservations  participants: 71 Relevance to Recommendation: school-y achievement: 0.99
kindergarten students ~ Students connected concrete provided
Mth mgthemahcs and/or sem!-concrete intervention
difficulties representations to
Setting: 32 classrooms abstract representations.
in 16 schools in urban
school districts in Texas
Bryantetal. Design: RCT Duration: 25-minute sessions; 4 Business as General
(2011) Contrast: Early times per week; 19 weeks usual core mathematics
Meets WWC  numeracy tutoring Content: Whole numbers matthertr_latlcs achievement: 0.50
instruction
standards vs. control Relevance to Recommendation:
without Participants: 203 Students connected concrete
reservations  grade 1 students with  and/or semi-concrete
mathematics difficulties representations to
Setting: 50 classrooms abstract representations.
in 10 schools in 1
school district in Texas
Clarke et al. Design: RCT Duration: 20-minute sessions; 5 Businessas  Counting and
(2017) Contrast: Whole times per week; 10 weeks usual core cardinality: 0.38*
Meets WWC  numbers understanding Content: Whole numbers mathematics  General
standards intervention vs. control  Rulevance to Recommendation: instruction mat_hematics. .
without Participants: 529 Students used concrete and/or achievement: 0.19
reservations  yindergarten students  semi-concrete representations
with mathematics to model mathematical thinking.
difficulties
Setting: 69 classrooms
in 14 schools in 4 school
districts in Oregon’
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Recommendation 3
Outcome domain

Comparison | and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?
Clarke et al. Design: RCT Duration: 30-minute sessions; 3 Businessas  Counting and
(2014) Contrast: Whole times per week; 20 weeks usual core cardinality: 0.14
Meets WWC  numbers understanding Content: Whole numbers mathematics  \yhole numbers
standards intervention vs. control  Rgajevance to Recommendation: |nns(tjrucr:]t|on knowledge: 0.82*
without Participants: 88 Students connected concrete :choil—y General
reservations  grade 1 students with  and/or semi-concrete provided mathematics

mathematics difficulties representations to abstract intervention achievement: 0.11

Setting: 9 schools in representations.

2 suburban school

districts in the Pacific

Northwest region of

the U.S.
Doabler et al. Design: RCT Duration: 20-minute sessions; 5 Business as General
(2016) Contrast: Whole times per week; 10 weeks usual core mathematics
Meets WWC  numbers understanding Content: Whole numbers mathematics  achievement: 0.28
standards with  intervention vs. control  Relevance to Recommendation: instruction
reservations  participants: 301 Students used concrete and/or

kindergarten students ~ semi-concrete representations

with mathematics to model mathematical thinking.

difficulties

Setting: 36 classrooms

in 9 urban and

suburban schools in

2 school districts in

Boston, MA
Dyson et al. Design: RCT Duration: 30-minute sessions; 3 Business as Counting and
(2015) Contrast: Number times per week; 8 weeks usual core cardinality: 0.63*
Meets WWC  sense intervention with  Content: Whole numbers mathematics  \yhole numbers
standards number-fact practice of Ralevance to Recommendation: '”ScterCt'on computation: 0.71*
without number-list practice Students connected concrete ggho?_y
reservations vs. control and/or semi-concrete ded

. ) provide

Participants: 126 representations to abstract intervention

kindergarten students  representations and learned

with mathematics to use representations to

difficulties model mathematical thinking.

Instruction reduced emphasis
on concrete and semi-concrete
representations as students
began to understand

abstract representations.

Setting: 4 schools in 2
urban school districts®
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Recommendation 3

Study and

Intervention condition

Comparison
condition

Appendix C

Outcome domain
and WWC-
calculated effect

WWC rating Study description? description description size®?
Dyson et al. Design: RCT Duration: 45-minute sessions; 5 Business as  Rational numbers
(2018) Contrast: Fraction sense IMmes per week; 6 weeks usual core computation: 0.48*
Meets WWC intervention vs. control  Content: Fractions _mattherpatlcs Rational numbers
instruction ;
standards Participants: 52 Relevance to Recommendation:  gnq any magnitude
without grade 6 students with  Students learned to connect school- understanding/
reservations  mathematics difficulties  concrete and/or semi-concrete rovided relative magnitude
_ _ representations to P , understanding: 0.90*
Setting: 2 schools in the P . intervention )
northeast region of abstract representations. Rational numbers
the U.S. knowledge: 0.99*
Fien et al. Design: RCT Duration: 15-minute sessions; 4 Business as Counting and
(2016) Contrast: Whole-number times per week; 8 weeks usual core cardinality: 0.08
Meets WWC  concepts intervention ~ Content: Whole numbers _r:::rhi:r_'::cs Whole numbers
instructi ;
standards vs. control Relevance to Recommendation:  gng any magnitude
without Participants: 238 Using a computer-based school- understanding/
reservations  grade 1 students with ~ program, students connected provided relative mag”'t_Ude
mathematics difficulties ~ semi-concrete representations  i1tervention understanding: 0.07
Setting: 26 classrooms in to abstract representations. Whole numbers
9 schools in 2 suburban knowledge: 0.09"
school districts in Eugene
and Portland, OR
Fuchs et al. Design: RCT Duration: 40-minute sessions; 3 Business as Whole numbers
(2005) Contrast: Preventive times per week; 16 weeks usual core computation: 0.23
Meets WWC  mathematics tutoring Content: Whole numbers _matthertr)atlcs General
instruction ;
stgndards vs. control Relevance to Recommendation: mat_hematlcs. .
without - Participants: 127 Students connected concrete achievement: 0.38
reservations  grade 1 students with  and/or semi-concrete
mathematics difficulties  representations to abstract
Setting: 41 classrooms representations and learned to
in 10 schools in 1 urban Us€ representations to model
school district in the mathematical thinking.
southeast region of
the U.S.
Fuchs, Geary, Design: RCT Duration: 30-minute sessions; 3 Business as Whole numbers
et al. (2013) Contrast: Number times per week; 16 weeks usual core computation: 0.63*
Meets WWC  knowledge tutoring (with Content: Whole numbers _matthertr_]atlcs Whole numbers
standards speeded or non-speeded Releyance to Recommendation: Inisiirioaieli] magnitude
without _ practice) vs. control Students connected concrete und(-?rstandlng/
reservations  paricipants: 591 and/or semi-concrete relative magm?ude
grade 1 students with  representations to abstract understanding: -0.05
mathematics difficulties  representations and learned to
Setting: 233 classrooms  US€ representations to model
in 40 schools in 1 urban Mathematical thinking.
school district in the
southeast region of
the U.S.T
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Comparison

Appendix C

Outcome domain
and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?
Fuchs, Design: RCT Duration: 40-minute sessions; 3 Business as Rational numbers
Malone, etal. - nirast: Fractions times per week; 13 weeks usual core computation: 1.72*
(2019) magnitude intervention  Content: Whole numbers mathematics  Rational numbers
Meets WWC  (with or without error  and fractions InS(terCtIOI‘l magnitude
standards with analysis) vs. control Relevance to Recommendation: zcrzlho?)rl]—y understanding/
reservations  participants: 143 grade ~ Students connected concrete provided relative ma:qmt(ude .
4 and 5 students with  and/or semi-concrete intervention understanding: 1.35
mathematics difficulties representations to abstract Rational numbers
Setting: 49 classrooms representations. Instruction knowledge: 0.05
in 13 schools in 1 urban "educed emphasis on
school district in the concrete and semi-concrete
southeast region of representations as students
the U.S.t began to understand
abstract representations.
Fuchs, Design: RCT Duration: 35-minute sessions; 3 Business as Rational numbers
Malone, etal. ,nirast: Fractions times per week; 12 weeks usual core computation: 1.79*
(2016) intervention with Content: Fractions _matthertr_latlcs Rational numbers
; P P instruction ;
Meets WWC mstrucho_n in prowdmg Relevance to Recommendation: 4 any magnitude _
stgndards explanations or solving  gt,dents connected concrete chool- undgrstandmg/
without . word problems and/or semi-concrete orovided relative ma_gnlt[ude .
reservations vs. control representations to abstract i tervention understanding: 0.93
Participants: 212 representations and learned Rational numbers
grade 4 students with to use representations to knowledge: 0.86*
mathematics difficulties model mathematical thinking.
Setting: 52 classrooms Instruction reduced e_mphasis
in 14 schools in 1 on concrete and semi-concrete
school districtt representations as students
began to understand
abstract representations.
Fuchs, Design: RCT Duration: 15- to 18-minute Tutoring Whole numbers
Powell, etal.  ontrast: Fact retrieval  S€Ssions; 3 times per week; in wo_r_d— _ computation: 0.08
(2008) with procedural 15 weeks identification  \whole numbers
Meets WWC computation and Content: Whole numbers skills magnitude
standards with cor_nputgtional _ Relevance to Recommendation: undgrstanding/
reservations fastlmahon tutoring vs.  gtudents connected concrete relative ma:qmt(ude .
wrelevgnt cglntroll and/or semi-concrete understanding: 0.82
(word-identification representations to abstract General
skill tutoring) representations and learned mathematics
Participants: 66 to use representations to achievement: 0.16
grade 3 students with model mathematical thinking.
mathematics difficulties  Instruction reduced emphasis
Setting: 80 classrooms ~ ©N concrete and semi-concrete
in 18 schools in representations as students
Nashville, TN and began to understand_
Houston, TXt abstract representations.
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Outcome domain
and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?
Fuchs, Design: RCT Duration: 30-minute sessions; 3 Business as Rational numbers
Schumacher, cgntrast: Fractions times per week; 12 weeks usual core computation: 2.50*
etal. (2013) | nderstanding Content: Fractions mathematics  Rational numbers
Meets WWC  intervention vs. control  Rejevance to Recommendation: ::;r:ﬁt'on magnitude
standards Participants: 259 Students connected concrete school—y understanding/
without de 4 students with  and/or semi-concrete - relative magnitude
) grade provided ina: *
reservations  mathematics difficulties  representations to abstract intervention understanding: 1.46
Setting: 53 classrooms representations. Instruction Rational numbers
in 13 schoolst reduced emphasis on knowledge: 0.92*
concrete and semi-concrete
representations as students
began to understand
abstract representations.
Fuchs, Design: RCT Duration: 35-minute sessions; 3 Business as Rational numbers
Schumacher, cgnirast: Fractions sessions per week; 12 weeks usual core computation: 1.34*
etal. (2016)  jhtervention with Content: Fractions mathematics  Rational numbers
Meets WA/C instruction in solving  Relevance to Recommendation: ::ér:cr;]tlon magnitude
stgndards multiplicative or additive Students connected concrete school-y und(-?rstandlng/
without . word problems and/or semi-concrete orovided relative ma_gmtude .
reservations vs. control representations to abstract i tervention understanding: 0.80
Participants: 213 representations and learned Rational numbers
grade 4 students with to use representations to knowledge: 0.34*
mathematics difficulties model mathematical thinking.
Setting: 45 classrooms Instruction reduced emphasis
in 14 schoolst on concrete and semi-concrete
representations as students
began to understand
abstract representations.
Fuchs et al. Design: RCT Duration: 30-minute sessions; 3 Business as Rational numbers
(2014) Contrast: Fractions times per week; 12 weeks usual core computation: 1.33*
Meets WWC  knowledge intervention ~Content: Fractions mathematics  Rational numbers
standards with fluency activities or Re|evance to Recommendation: instruction magnitude
without _ conceptual activities Students connected concrete und(-?rstandlng/
reservations vs. control and/or semi-concrete relative ma_gmtude .
Participants: 243 representations to abstract understanding: 1.08
grade 4 students with representations and learned Rational numbers
mathematics difficulties to use representations to knowledge: 0.58*
Setting: 49 classrooms model mathematical thinking.
in 14 schools in 1 urban Instruction reduced emphasis
school districtt on concrete and semi-concrete
representations as students
began to understand
abstract representations.
WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Appendix C | 99



Recommendation 3

Study and

Intervention condition

Comparison
condition

Appendix C

Outcome domain
and WWC-
calculated effect

WWC rating Study description? description description size®?
Fuchs, Design: RCT Duration: 30-minute sessions; 3 Business as Whole numbers
Seethaler, et Contrast: Number times per week; 15 weeks usual core computation: 0.59*
al. (2019) knowledge intervention  Content: Whole numbers _matthertr_latlcs
instruction
Meets WWC  vs. control Relevance to Recommendation:
standards Participants: 196 Students connected concrete
without grade 1 students with  and/or semi-concrete
reservations  mathematics difficulties  representations to
Setting: 186 abstract representations.
classrooms in
21 schools'
Gersten et al. Design: Cluster RCT Duration: 40-minute sessions; Business as General
(2015) Contrast: Number 3-4 times per week; 17 weeks usual core mathematics
Meets WWC  operations intervention ~ Content: Whole numbers ma:hertpatlcs achievement: 0.34"
; instruction
standards with vs. control Relevance to Recommendation:
reservations  participants: 881 Students connected concrete
grade 1 students with and/or semi-concrete
mathematics difficulties representations to
Setting: 76 schools in 4 abstract representations.
urban school districts in
4 states in the south-
central and southwest
regions of the U.S.
Jayanthi et al. Design: RCT Duration: 35-minute sessions; Business as Rational numbers
(2018) Contrast: Small-group 3-4 times per week; 6-7 months  usual core computation: 1.07*
Meets WWC  fractions intervention Content: Fractions _matthertr)ancs Rational numbers
instruction ;
standards vs. control Relevance to Recommendation: gng any magnitude
without Participants: 186 Students connected concrete school- understanding/
reservations  grade 5 students with  and/or semi-concrete : relative magnitude
o TS - provided understanding: 0.94*
mathematics difficulties representations to abstract intervention g0
Setting: 3 school representations and learned Rational numbers
districts in the west and {0 use representations to knowledge: 0.72*
southeast regions of model mathematical thinking.
the U.S. Instruction reduced emphasis
on concrete and semi-concrete
representations as students
began to understand
abstract representations.
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Appendix C

Outcome domain
and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?
Kanive et al.  Design: RCT Duration: 15-minute sessions; 1  Business as Whole numbers
(2014) Contrast: Conceptual time per week; 2 weeks usual core computation: 0.29
Meets WWC  understanding Content: Whole numbers _matthertr_latlcs
; ; instruction
stgndards intervention vs. control  Rajevance to Recommendation:
. articipants: rade udents learned how to use
without Participants: 57 grade  Students learned how t
reservations 4 and 5 students with  representations to model
mathematics difficulties mathematical thinking.
Setting: 1 school
in Minnesota®
Malone et al. Design: RCT Duration: 35-minute sessions; 3 Business as Rational numbers
(2019) Contrast: Fractions times per week; 12 weeks usual core computation: 1.53*
Meets WWC intervention with word  Content: Fractions and decimals rna:he:patlcs Rational numbers
standards problem instruction Relevance to Recommendation: o Hcron magnitude
without . or demmal magnitude Students connected concrete und(-?rstandlng/
reservations instruction vs. control and/or semi-concrete relative ma_gnltcude .
Participants: 225 representations to abstract understanding: 0.48
grade 4 students with representations and learned Rational numbers
mathematics difficulties  to use representations to knowledge: 0.12
Setting: 58 classrooms model mathematical thinking.
in 12 schools in 1 Instruction reduced emphasis
school districtt on concrete and semi-concrete
representations as students
began to understand
abstract representations.
Powell and Design: RCT Duration: 10- to 15-minute Businessas  Whole numbers
Driver (2015)  cgntrast: Addition sessions; 3 times per week; usual core computation: 0.34
Meets WWC  tutoring (with or without 8 Weeks mathematics
standards embedded vocabulary ~ Content: Whole numbers instruction
without component) vs. control  Rojevance to Recommendation:
reservations  paricipants: 98 Students connected concrete
grade 1 students with and/or semi-concrete
mathematics difficulties representations to abstract
Setting: 58 classrooms representations and learned to
in 18 schools in 2 use representations to model
school districts in the ~ Mathematical thinking.
mid-Atlantic region of
the U.S.T
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Recommendation 3
Outcome domain

Comparison | and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?

Powell, Design: RCT Duration: 10- to 15-minute Business as Whole numbers
Driver, et al. Contrast: Standard sessions; 3 times per week; usual core computation: 0.23
(2015) equations tutoring or 4 weeks mathematics  Aigebra and

Meets WWC  combined (standard Content: Whole numbers instruction algebraic reasoning:
standards and nonstandard) Relevance to Recommendation: 0.80*

without equations tutoring Students connected concrete

reservations vs. control and/or semi-concrete

Participants: 51 representations to abstract
grade 2 students with representations and learned to
mathematics difficulties use representations to model

Setting: 31 classrooms mathematical thinking.

in 10 schools in 2
school districts in the
mid-Atlantic region of

the U.S.T
Powell, Design: Cluster QED Duration: Tier 1 portion: 40- to Business as Whole numbers
Fuchs,etal.  cgntrast: Calculation 45-minute sessions; 2 times per usual core computation: 1.19*
(2015) intervention vs. control week; 17 weeks; Tier 2 portion mathematics
Meets WWC . _ (beginning week 4 of the Tier instruction
standards with  2micipants: 174 1 portion): 25- to 30-minute

grade 2 students with  goqgjons: 3 times per week

reservations  mathematics difficulties
) Content: Whole numbers
Setting: 110 classrooms .
in 25 schools in 1 urban Reélevance to Recommendation:
school districtt Students connected concrete
and/or semi-concrete
representations to abstract
representations and learned to
use representations to model
mathematical thinking.
Smith et al. Design: RCT Duration: 30-minute sessions; Business as Whole numbers
(2013) Contrast: Intensive 4-5 times per week; 12 weeks usual core computation: 0.14*
Meets WWC  one-to-one tutoringin ~ Content: Whole numbers mathematics  Ggneral
standards with arithmetical knowledge  Rgjevance to Recommendation: instruction mathematics

reservations vs. control achievement: 1.82*

Students connected concrete
Participants: 775 and/or semi-concrete

grade 1 students with representations to
mathematics difficulties  abstract representations

Setting: 20 elementary
schools in 5 school
districts in 2 states’
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Study and
WWC rating

Study description?

Intervention condition
description

Comparison
condition
description

Appendix C

Outcome domain
and WWC-
calculated effect
size®

Wang et al. Design: RCT Duration: 35-minute sessions; 3 Businessas  Whole numbers
(2019) Contrast: Fractions times per week; 13 weeks usual core computation: 0.59*
Meets WWC intervention with word ~ Content: Whole numbers mathematics  Rational numbers
standards problem instruction and fractions 'ns(terCt'O” computation: 1.27*
; ; ; and an
without (with or without self- Relevance to Recommendation: school—y Rational numbers
reservations  regulation) vs. control  gy,dents connected concrete provided magnitude
Participants: 84 and/or semi-concrete intervention understanding/
grade 3 students with representations to abstract relative magnitude
mathematics difficulties representations and learned to understanding: 0.95*
Setting: 29 classrooms ~ US€ representations to model Rational numbers
in 8 schools in 1 urban  Mathematical thinking. knowledge: 0.85*
school district?
Watt and Design: RCT Duration: 30-minute sessions; 5 Small-group  Algebra and
Therrien Contrast: Pre-teaching times per week; 2 weeks supp_lemental algebraic reasoning:
(2016) plus concrete- Content: Fractions _reatdlngt]_ 0.09
; instruction
Meets WWC  representational- Relevance to Recommendation:
standarc{s with abstract instructional Students connected concrete
reservations sequence vs. and/or semi-concrete

supplemental
reading instruction

Participants: 32
grade 6 students with

mathematics difficulties

Setting: 4 classrooms
in 2 schools

representations to abstract
representations and learned

to use representations to
model mathematical thinking.
Instruction reduced emphasis
on concrete and semi-concrete
representations as students
began to understand

abstract representations.

Note: Each row in this table represents a study, defined by the WWC as an examination of the effect of an intervention on a

distinct sample.

aSample size represents the maximum number of participants in the study. In some studies, the number of participants varied
across the outcome measures.
b Effect sizes presented are from the posttest closest to the end of the intervention. For brevity, only the domain average effect
size and statistical significance are reported in this table. For studies that included multiple outcomes in a domain, reported
effect sizes and statistical significance are for the domain and calculated as described in the WWC Procedures Handbook

(version 4.0).

* Significant at p < 0.05.
T Indicates that the information is for the entire study (across all conditions).

Supplemental Findings for Recommendation 3

Supplemental findings (including impacts for follow-up, sub-scale, and distal measures) for eight
studies are available at the corresponding study pages on the WWC website.!83
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Recommendation 4: Number Lines

Use the number line to facilitate the learning of mathematical concepts and
procedures, build understanding of grade-level material, and prepare students for
advanced mathematics.

Rationale for a Strong Level of Evidence

The WWC and the expert panel assigned Recommendation 4 a strong level of evidence based on 14
studies.!® Together, these studies have strong internal validity. Eleven studies meet WWC group design
standards without reservations because they were RCTs with low sample attrition.!®3 Three studies
meet WWC group design standards with reservations because they were either compromised RCTs or
RCTs with high sample attrition, but the analytic intervention and comparison groups in each satisfied
the baseline equivalence requirement.!®¢ In addition, the 14 studies demonstrate strong external
validity as their samples collectively included 3,331 students and 246 schools across multiple states.!®?

Across the 14 studies, there were findings in 6 key outcome domains for this recommendation

(Table C.9). Five of these domains had statistically significant, positive effect sizes: general
mathematics achievement (g = 0.34, p < 0.01), rational numbers computation (g = 1.46, p < 0.01),
rational numbers knowledge (g = 0.62, p < 0.01), rational numbers magnitude understanding/relative
magnitude understanding (g = 1.00, p < 0.01), and whole numbers computation (g = 0.62, p < 0.01). The
other domain (whole numbers magnitude understanding/relative magnitude understanding) did not
have a statistically significant effect size.

Table C.9. Domain-level effect sizes across the 14 studies supporting Recommendation 4

95%
Number of Confidence
studies (k) interval p Value
General Mathematics Achievement 1 0.34 NA <0.01
Rational Numbers Computation 10 1.46 [1.35-1.58] <0.01
Rational Numbers Knowledge 10 0.62 [0.51-0.72] <0.01

Rational Numbers Magnitude Understanding/Relative
Magnitude Understanding

Whole Numbers Computation 4 0.62 [0.48-0.75] <0.01

Whole Numbers Magnitude Understanding/ Relative
Magnitude Understanding

9 1.00 [0.89-1.11] <0.01

1 -0.05 NA ns

Note: All effect sizes were calculated using a fixed-effects meta-analytic effect size across studies except for the general
mathematics achievement and whole numbers magnitude understanding/relative magnitude understanding domains. These
two domains had findings from just one study each; the effect sizes presented here are the WWC-calculated domain-level
average effect sizes for the individual relevant study for each domain. ns = nonsignificant findings; NA = not applicable;

k = number of studies with at least one outcome in the relevant domain and contributed to the meta-analytic effect size.

a Significant findings are bolded.
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The 14 studies relevant to this recommendation have a preponderance of positive evidence on relevant
outcomes, strong internal and external validity, and are closely aligned with the practices outlined

in the recommendation. Therefore, the WWC and the panel determined that the recommendation
receives a strong evidence rating. This rating is supported by the strength of the evidence according
to the following criteria:

» Consistency of effects on relevant outcomes. Five of the six relevant outcome domains with
findings had statistically significant, positive effect sizes. The sixth domain had uncertain effects (it
did not have a statistically significant effect size). No domains had statistically significant, negative
effect sizes.

» Extent of evidence. The 14 studies related to this recommendation demonstrated positive effects
with a medium to large extent of evidence. Four of the six relevant domains (rational numbers
computation, rational numbers knowledge, rational numbers magnitude understanding/relative
magnitude understanding, and whole numbers computation) had statistically significant, positive
meta-analytic effect sizes, with more than 50 percent of the meta-analytic weight from studies
that meet WWC standards without reservations, and had samples of more than 350 students and
multiple districts and states. These four domains represent a preponderance of the key outcome
domains with findings for this recommendation.

e Relationship between the evidence and recommendation. The 14 studies supporting this
recommendation exhibit a strong relationship between the evidence and recommended practices
because all 14 studies include at least one of the recommended practices as a major component (see
below for more information). Multiple studies supported each How-to Step in the recommendation.

* Relevancy. The 14 studies supporting this recommendation have relevant samples, contexts,
comparisons, and outcomes. All studies include samples of students with, or at-risk for, mathematics
difficulties in grades 1 through 6; examined interventions that were implemented as a supplement
to Tier 1 instruction or in a resource room; and measured outcomes in relevant domains. The
interventions ranged from roughly 6 weeks to 6-7 months in duration.

A Brief Summary of the Studies Providing Evidence for the Recommendation

The 14 studies were directly related to the recommendation, with all studies testing interventions that
included the recommended practices as a major component. All 14 studies used three-dimensional,
concrete representations (e.g., connecting cubes, fraction tiles) or semi-concrete representations
(e.g., visual diagrams, figures, pictures) to help students understand how number lines work and
represent numerical magnitude. Four studies examined interventions that addressed whole-numbers
concepts,'®® eight addressed rational-numbers concepts,'®® and two studies addressed both.°

Multiple studies related to each of the recommendation’s How-to Steps. In 13 studies, teachers used
number lines to represent numbers and their magnitude (How-to Step 1).!*! Students were taught to
estimate and compare the relative magnitude of numbers using number lines in 10 studies (How-to
Step 2).192 In 2 studies, number lines were used to model mathematical operations (How-to Step 3).!%

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Appendix C | 105



Appendix C

Table C.10. Studies providing evidence for Recommendation 4: Use the number line to facilitate the
learning of mathematical concepts and procedures, build understanding of grade-level material, and
prepare students for advanced mathematics

Recommendation 4

Comparison

Outcome domain
and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description?® description description size®?
Barbieri et al. Design: RCT Duration: 45-minute sessions; 5 Business as Rational numbers
(2019) Contrast: Fractions times per week; 6 weeks usual core computation: 0.17
Meets WWC intervention vs. control  Content: Fractions matthertr_latlcs Rational numbers
; instruction : *

standards with  paicipants: 51 Relevance to Recommendation: knowledge: 1.09
reservations  grade 6 students with ~ Students used a number

mathematics difficulties line to represent and

Setting: 7 classrooms ~ ¢ompare numbers.

in 2 schools in the

northeast region of

the U.S.
Dyson et al. Design: RCT Duration: 45-minute sessions; 5 Business as Rational numbers
(2018) Contrast: Fraction times per week; 6 weeks usual core computation: 0.48*
Meets WWC  sense intervention Content: Fractions ma:heTatlcs Rational numbers

instruction ;

standards vs. control Relevance to Recommendation: 4nd gny magnitude
without Participants: 52 Students used a number school- understanding/
reservations  grade 6 students with  line to represent and provided relative ma_gmiuude X

mathematics difficulties compare numbers. intervention und.erstandmg. 0.90

Setting: 2 schools in Rational nu.mberf

the northeast region of knowledge: 0.99

the U.S.
Fuchs, Geary, Design: RCT Duration: 30-minute sessions; 3 Businessas  Whole numbers
et al. (2013) Contrast: Number times per week; 16 weeks usual core computation: 0.63*
Meets WWC  knowledge tutoring Content: Whole numbers _mattherpancs Whole numbers
standards (with speeded or non-  Rejevance to Recommendation: i totloin] magnitude
without ' speeded practice) Students represented numbers undgrstandlng/
reservations vs. control on a number line. relative magmtude

Participants: 591 understanding: —0.05

grade 1 students with

mathematics difficulties

Setting: 233

classrooms in 40

schools in 1 urban

school district in the

southeast region of

the U.S.1
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Outcome domain
and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?
Fuchs, Design: RCT Duration: 40-minute sessions; 3 Business as Rational numbers
Malone, et Contrast: Fractions times per week; 13 weeks usual core computation: 1.72*
al. (2019) magnitude intervention  Content: Whole numbers mathematics  Rational numbers
Meets WWC  (yith or without error and fractions instruction magnitude
standards with 551y sis) vs. control Relevance to Recommendation: and any understanding/
reservations o * school- relative magnitude
Participants: 143 grade Students used a number provided 9 ) .
4 and 5 students with  line to represent and intervention understanding: 1.35
mathematics difficulties compare numbers. Rational numbers
Setting: 49 classrooms knowledge: 0.05
in 13 schools in 1 urban
school district in the
southeast region of
the U.S.T
Fuchs, Design: RCT Duration: 35-minute sessions; 3 Business as Rational numbers
Malone, et al. . ; times per week; 12 weeks usual core computation: 1.79*
Contrast: Fractions g
(2016) intervention with Content: Fractions mathematics  Rational numbers
Meets WWC instruction in providing  Rejevance to Recommendation: ms;(Iructlon magnitude
standards explanations or solving  Students used a number zgho?)rl]-y understanding/
without _ word problems line to represent and orovided relative ma_gnljtude .
reservations VS. c.o.ntrol compare numbers. i tervention undlerstandlng. 0.93
Participants: 212 Rational numbers
grade 4 students with knowledge: 0.86*
mathematics difficulties
Setting: 52 classrooms
in 14 schools in 1
school district®
Fuchs, Design: RCT Duration: 30-minute sessions; 3 Business as Rational numbers
Schumacher, Contrast: Fractions times per week; 12 weeks usual core computation: 2.50*
etal. (2013) | nderstanding Content: Fractions _matthertr)ancs Rational numbers
; ; instruction ;
Meets WWC  intervention vs. control  Ralevance to Recommendation: and any magnitude .
standards Participants: 259 Students used a number school- understanding/
without grade 4 students with  line to represent and provided relative ma?”'FUde .
reservations  mathematics difficulties compare numbers. intervention und.erstandlng. 1.46
Setting: 53 classrooms Rational numberf
in 13 schools® knowledge: 0.92
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Outcome domain
and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?
Fuchs, Design: RCT Duration: 35-minute sessions; 3 Business as Rational numbers
Schumacher, Contrast: Fractions times per week; 12 weeks usual core computation: 1.34*
etal. (2016)  jntervention with Content: Fractions mathematics  Rational numbers
Meets WWC instruction in solving Relevance to Recommendation: instruction magnitude
standards multiplicative or additive g4,dents used a number :cr:]go?)rl]—y understanding/
without . word problems line to represent and orovided relative ma_gnlt[ude )
reservations vs. control compare numbers. i tervention understanding: 0.80
Participants: 213 Rational numbers
grade 4 students with knowledge: 0.34*
mathematics difficulties
Setting: 45 classrooms
in 14 schoolst
Fuchs et al. Design: RCT Duration: 30-minute sessions; 3 Business as Rational numbers
(2014) Contrast: Fractions times per week; 12 weeks usual core computation: 1.33*
Meets WWC  knowledge intervention ~Content: Fractions mathematics  Rational numbers
standards with fluency activities or Relevance to Recommendation: instruction magnitude
without . conceptual activities Students used a number und(-?rstandlng/
reservations vs. control line to represent and relative ma_gnltcude .
Participants: 243 compare numbers. understanding: 1.08
grade 4 students with Rational numbers
mathematics difficulties knowledge: 0.58*
Setting: 49 classrooms
in 14 schools in 1 urban
school district
Fuchs, Design: RCT Duration: 30-minute sessions; 3 Business as Whole numbers
Seethaler, et Contrast: Number times per week; 15 weeks usual core computation: 0.59*
al. (2019) knowledge intervention  Content: Whole numbers _matthertr_]atlcs
instruction
Meets WWC  vs. control Relevance to Recommendation:
standards Participants: 196 Students represented numbers
without - grade 1 students with  on a number line.
reservations  mathematics difficulties
Setting: 186
classrooms in
21 schools’
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Outcome domain
and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?
Gersten et al. Design: Cluster RCT Duration: 40-minute sessions; Business as General
(2015) Contrast: Number 3-4 times per week; 17 weeks usual core Mathematics
Meets WWC  operations intervention ~ Content: Whole numbers _matthertr_latlcs Achievement: 0.34*
; instruction
standards with  vs. control Relevance to Recommendation:
reservations  participants: 881 Students represented numbers
grade 1 students with on a number line.
mathematics difficulties
Setting: 76 schools in 4
urban school districts in
4 states in the south-
central and southwest
regions of the U.S.
Jayanthi et al. Design: RCT Duration: 35-minute sessions; Business as Rational numbers
(2018) Contrast: Small-group 3-4 times per week; 6-7 months usual core computation: 1.07*
Meets WWC  fractions intervention Content: Fractions ma:he:patlcs Rational numbers
instruction :
standards vs. control Relevance to Recommendation: 4n gny magnitude
without Participants: 186 Students used a number line school- understanding/
reservations  grade 5 students with  to represent and compare provided relative ma_gmj(ude .
mathematics difficulties numbers. Students also learned  j1arvention understanding: 0.94
Setting: 3 school to represent operations using Rational numbers
districts in the west and number lines. knowledge: 0.72*
southeast regions of
the U.S.
Malone et al. Design: RCT Duration: 35-minute sessions; 3 Business as Rational numbers
(2019) Contrast: Fractions times per week; 12 weeks usual core computation: 1.55*
Meets WWC intervention with Content: Fractions and decimals _matthertr)ancs Rational numbers
standards decimal magnitude Relevance to Recommendation: o octon magnitude
without ' instruction vs. control Students used a number unde_rstandlng/
reservations  participants: 152 line to represent and relative ma?”'FUde .
grade 4 students with  compare numbers. understanding: 0.41
mathematics difficulties Rational numbers
Setting: 58 classrooms knowledge: 0.28
in 12 schools in 1
school districtt
Powell etal. Design: RCT Duration: 22- to 25-minute Businessas  Whole numbers
(2009) Contrast: Conceptual sessions; 3 times per week; usual core computation: 0.62*
Meets WWC  fact retrieval instruction 19 Weeks mathematics
standards with practice vs. control Content: Whole numbers instruction
without Participants: 68 Relevance to Recommendation:
reservations  grade 3 students with  Students learned to represent
mathematics difficulties operations using number lines.
Setting: 75 classrooms
in 17 schools in
Nashville, TN and
Houston, TXt
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Recommendation 4
Outcome domain

Comparison | and WWC-

Study and Intervention condition condition calculated effect

WWC rating Study description? description description size®?

Wang et al. Design: RCT Duration: 35-minute sessions; 3 Businessas  Whole numbers

(2019) Contrast: Fractions times per week; 13 weeks usual core computation: 0.59*

Meets WWC intervention with word  Content: Whole numbers mathematics  Rational numbers

standards problem instruction and fractions 'ns(terCt'O” computation: 1.27*

; ; ; and an

without (with or without self- Relevance to Recommendation: school—y Rational numbers

reservations regulation) vs. control Students used a number orovided magnitude
Participants: 84 line to represent and intervention understanding/
grade 3 students with compare numbers. relative magnitude
mathematics difficulties understanding: 0.95*
Setting: 29 classrooms Rational numbers
in 8 schools in 1 urban knowledge: 0.85*

school district’
Note: Each row in this table represents a study, defined by the WWC as an examination of the effect of an intervention on a
distinct sample.

aSample size represents the maximum number of participants in the study. In some studies, the number of participants varied
across the outcome measures.

b Effect sizes presented are from the posttest closest to the end of the intervention. For brevity, only the domain average effect
size and statistical significance are reported in this table. For studies that included multiple outcomes in a domain, reported
effect sizes and statistical significance are for the domain and calculated as described in the WWC Procedures Handbook
(version 4.0).

* Significant at p < 0.05.
T Indicates that the information is for the entire study (across all conditions).

Supplemental Findings for Recommendation 4

Supplemental findings (including impacts for follow-up, sub-scale, and distal measures) for three
studies are available at the corresponding study pages on the WWC website.!94
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Recommendation 5: Word Problems

Provide deliberate instruction on word problems to deepen students’ mathematical
understanding and support their capacity to apply mathematical ideas.

Rationale for a Strong Level of Evidence

The WWC and the expert panel assigned Recommendation 5 a strong level of evidence based

on 18 studies that meet WWC standards and had outcomes in the relevant domains for this
recommendation.!'®s The studies collectively have strong internal validity. Fifteen studies meet WWC
group design standards without reservations because they were RCTs with low sample attrition.'96
Three studies meet WWC group design standards with reservations because they were either
compromised RCTs or RCTs with high sample attrition, but the analytic intervention and comparison
groups in each satisfied the baseline equivalence requirement.'¥” In addition, the 18 studies have strong
external validity as their samples collectively include 1,751 students and 153 schools.!%®

There were two key outcome domains for this recommendation (Table C.11). Across the 18 studies, the
fixed-effects meta-analytic effect size was statistically significant and positive for both domains: rational
numbers word problems/problem solving (g = 0.93, p < 0.01) and whole numbers word problems/
problem solving (g = 0.54, p < 0.01).

Table C.11. Domain-level effect sizes across the 18 studies supporting Recommendation 5

95%
Number of | Effect Confidence
Domain studies (k) interval
Rational Numbers Word Problems/Problem Solving 4 0.93 [0.74—1.11] <0.01
Whole Numbers Word Problems/Problem Solving 14 0.54 [0.43-0.65] <0.01

Note: All effect sizes were calculated using a fixed-effects meta-analytic effect size across studies. k = number of studies with
at least one outcome in the relevant domain and contributed to the meta-analytic effect size.

a Significant findings are bolded.

The 18 studies relevant to this recommendation have a preponderance of positive evidence,

strong internal and external validity, and are closely aligned with the practices outlined in the
recommendation. Therefore, the WWC and the panel determined that the recommendation receives
a strong evidence rating. This rating is supported by the strength of the evidence according to the
following criteria:

» Consistency of effects on relevant outcomes. Of the two relevant domains with findings for this
recommendation, both have a significant, positive meta-analytic effect size. Neither domain has a
negative, statistically significant meta-analytic effect size.

« Extent of evidence. The 18 studies supporting this recommendation demonstrated positive effects
with a medium to large extent of evidence. One of the two relevant domains (whole numbers word
problems/problem solving) had a statistically significant, positive meta-analytic effect size, with
more than 50 percent of the meta-analytic weight from studies that meet WWC standards without
reservations, and had a sample of more than 350 students and multiple districts and states. This
domain represents half of the relevant domains for the recommendation.
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» Relationship between the evidence and recommendation. The 18 studies supporting this
recommendation exhibit a strong relationship between the evidence and recommended practices
because all 18 studies include at least one of the recommended practices as a major component (see
below for more information).

» Relevancy. The 18 studies supporting this recommendation have relevant samples, contexts,
comparisons, and outcomes. All studies have samples of students with, or at-risk for mathematics
difficulties in grades 1 through 5; examined interventions that were implemented as a supplement
to Tier 1 instruction or in a resource room; and measured outcomes in relevant domains. The
interventions ranged from roughly 3 weeks to 16 weeks in duration.

A Brief Summary of the Studies Providing Evidence for the Recommendation

The 18 studies were directly related to the recommendation, with all studies testing interventions

that included the recommended practices as a major component. In most of the studies solving

word problems was the focus of the entire intervention, while in four studies,'® word problems

were considered a major component because they were included in every lesson as part of a multi-
component intervention that also focused on other mathematics concepts. Fourteen studies examined
interventions that addressed whole-numbers concepts,2°° three studies that addressed rational-
numbers concepts,2?! and one study that addressed both.202

Multiple studies related to each of the recommendation’s How-to Steps. In twelve studies,?°® students
were taught to identify word problem types based on the underlying mathematical structure (How-to
Step 1) and to apply a solution strategy based on that word problem type (How-to Step 2). This
approach is referred to in the research as schema-based instruction. In these twelve studies, students’
understanding of each problem type was expanded by presenting problem information differently,
changing which quantity was unknown, or including problems with more than one step (How-to Step
3). Additionally, in seven of these studies,?** instruction on difficult language used in word problems
was incorporated into the intervention (How-to Step 4).

The remaining six studies used other approaches for teaching students to comprehend and solve word
problems that are included in How-to Step 3.2°° One study taught students to identify the operation
and to restate the problem in their own words.2°¢ Two studies looked at restating the problem and
identifying relevant and irrelevant information.2°” Three studies looked at use of cognitive strategies to
understand and set up solutions.2?® Thirteen studies included a mix of previously learned and newly
learned problems throughout the intervention (How-to Step 5).20°
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Table C.12. Studies providing evidence for Recommendation 5: Provide deliberate instruction on
word problems to deepen students’ mathematical understanding and support their capacity to apply
mathematical ideas

Recommendation 5

Comparison

Outcome domain
and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description?® description description size®?
Darch et al. Design: RCT Duration: 30-minute sessions; Instruction Whole numbers
(1984) Contrast: Explicit 11-19 sessions total based on word problems/
Meets WWC  instruction (with or Content: Whole numbers materials probiem solving:
standards without extended Relevance to Recommendation: Sevelfoped 1.43
; ; - from four
without practice) vs. Students learned to discriminate pocq|
reservations basal instruction between word problem
(with or without operations and solve them. prc:jgrzr;?, |
extended practice) ElnlelElefelutelnts
- ] practice
Participants: 73 _ lessons for
grade 4 stgden_ts_ W|tr_1 some students
mathematics difficulties
Setting: 6 classrooms
in 1 school district
in Oregon
Fuchs, Design: RCT Duration: 20- to 30-minute Business as Whole numbers
Fuchs,etal.  ~gntrast: Word problem sessions, 3 times per week; usual core word problems/
(2008) tutoring in Tier 2 13 weeks mathematics  problem solving:
Meets WWC  (with or without word Content: Whole numbers instruction, 0.95%
standards problem intervention Relevance to Recommendation: and word
without in Tier 1) vs. noword gy dents learned to identify problern
reservations  problem tutoring in Tier o4 oroblems based on ms:tru?tlon as
2 (with or without word  4,6ir ynderlying mathematical ip:]a tro tci;orr]e
problem intervention in gt cture and apply a solution SHUCHO
Tier 1) y for some
method based on the type of students
Participants: 243 word problem.
grade 3 students with
mathematics difficulties
Setting: 120
classrooms in 1 urban
school district in the
southeast region of
the U.S.T
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Study and

Intervention condition

Comparison
condition

Appendix C

Outcome domain
and WWC-
calculated effect

WWC rating Study description? description description size®?
Fuchs, Design: RCT Duration: 35-minute sessions; 3 Business as Rational numbers
Malone, etal. ,nirast: Fractions times per week; 12 weeks usual core word problems/
(2016) intervention with Content: Fractions mathematics  problem solving:
Meets WWC instruction in solving Relevance to Recommendation: instruction 1.19
stgndards multiplicative word Students learned to identify
without . problems vs. control word problems based on
reservations  participants: 139 their underlying mathematical

grade 4 students with structure and apply a solution

mathematics difficulties method based on the type of

Setting: 52 classrooms ~ Word problem.

in 14 schools in 1

school district’
Fuchs et al. Design: RCT Duration: 20- to 30-minute Businessas = Whole numbers
(2009) Contrast: Tutoring in sessions; 3 times per week; usual core word problerr)s/_
Meets WWC  solving word problems 16 weeks _matherr_1at|cs problem solving:
standards vs. control Content: Whole numbers instruction 0.57
without Participants: 89 Relevance to Recommendation:
reservations  grade 3 students with  Students learned to identify

mathematics difficulties word problems based on

Setting: 63 classrooms their underlying mathemati_cal

in 18 schools in 2 structure and apply a solution

school districts in method based on the type of

Nashville, TN and word problem.

Houston, TX'
Fuchs et al. Design: RCT Duration: 20- to 30-minute Business as Whole numbers
(2010) Contrast: Word problem sessions, 3 times per week; usual core word problems/
Meets WWC instruction (with or 16 weeks _matherr_1at|cs problem solving:
standards without strategic Content: Whole numbers instruction 0.52
without - counting practice) Relevance to Recommendation:
reservations  vs. control Students learned to identify

Participants: 150 word problems based on

grade 3 students with their underlying mathematical

mathematics difficulties  structure and apply a solution

Setting: 31 schools in method based on the type of

2 urban school districts  Word problem.

in Nashville, TN and

Houston, TX*
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Outcome domain
and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?
Fuchs, Design: RCT Duration: 35-minute sessions; 3 Business as Rational numbers
Schumacher, Contrast: Fractions times per week; 12 weeks usual core word problems/
etal. (2016)  jntervention with Content: Fractions ma:hertnatlcs ﬁ’rgglem solving:
; o ; instruction )
Meets WWC instruction in solving Relevance to Recommendation: 54 any
stgndards multiplicative word Students learned to identify <chool-
without ' problems vs. control word problems based on orovided
reservations  participants: 142 . their underlying mathematical  {ptervention
grade 4 students with structure and apply a solution
mathematics difficulties method based on the type of
Setting: 45 classrooms ~ Word problem.
in 14 schools'
Fuchs, Design: RCT Duration: 20- to 30-minute Business as Whole numbers
Seethaler,et - trast: Tutoring in sessions; 3 times per week; usual core word problems/
al. (2008) solving word problems 12 weeks mathematics  problem solving:
Meets WWC  vs. control Content: Whole numbers instruction 0.97*
standards with  participants: 35 Relevance to Recommendation:
reservations  grade 3 students with  Students learned to identify
mathematics difficulties word problems based on
Setting: 18 classrooms their underlying mathematical
in 1 urban school structure and apply a solution
district in the southeast Method based on the type of
region of the U.S. word problem.
Fuchs, Design: RCT Duration: 30-minute sessions; 3 Business as Whole numbers
Seethaler,et o trast: Word problem sessions per week; 15 weeks usual core word problems/
al. (2019) intervention (with or Content: Whole numbers _ma:herpahcs Brzglem solving:
; instruction )
Meets WWC  without language Relevance to Recommendation:  gng any
stgndards instruction) vs. control gt ,dents learned to identify <chool-
without Participants: 299 word problems based on provided
reservations grade 1 stgden_ts_ witr_] their underlying mathemati_cal intervention
mathematics difficulties  structure and apply a solution
Setting: 186 method based on the type of
classrooms in word problem.
21 schoolsf
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Study and
WWC rating

Jitendra,
Dupuis, et al.
(2013)

Meets WWC
standards
without
reservations

Study description?
Design: RCT

Contrast: Word problem
intervention vs. control

Participants: 109
grade 3 students with

mathematics difficulties

Setting: 28 classrooms
in 9 schools in 1 large
urban school district in
the Midwest region of
the U.S.

Intervention condition
description

Duration: 30-minute sessions, 5
times per week; 12 weeks

Content: Whole numbers

Relevance to Recommendation:

Students learned to identify
word problems based on
their underlying mathematical
structure and apply a solution
method based on the type of
word problem.

Comparison
condition
description

Small-group
tutoring in
topics selected
from the core
mathematics
curriculum
(place value,
whole numbers
addition and
subtraction
computation
strategies, and
word problem

Appendix C

Outcome domain
and WWC-
calculated effect
size®

Whole numbers
word problems/
problem solving:
0.46*

solving)
Jitendra et al. Design: RCT Duration: 40- to 45-minute Instruction Whole numbers
(1998) Contrast: Word problem sessions; 17-20 sessions total based on word problems/
Meets WWC  instruction vs. control  Content: Whole numbers abasal problem solving:
standards o _ . mathematics  0.63
¢ Participants: 34 Relevance to Recommendation: program
without students in grades Students learned to identify
reservations  o_g \ith mathematics  word problems based on
disabilities or difficulties their underlying mathematical
Setting: 4 classrooms structure and apply a solution
in 4 schools in method based on the type of
the northeast and word problem.
southeast regions of
the U.S.
Jitendra, Design: RCT Duration: 30-minute sessions; 5 Small-group Whole numbers
Rodriguez, et - ntrast: Word problem times per week; 12 weeks tutoring word problems/
al. (2013) intervention vs. control  Content: Whole numbers in topics problem solving:
Meets WWC o _ . selected 0.02*
Participants: 136 Relevance to Recommendation: ¢,m the core
standards grade 3 students with  Students learned to identify mathematics
without ’ mathematics difficulties word problems based on curriculurm
reservations Setting: 35 classrooms  their underlying mathematical 156 value,
in 12 schools in 1 urban Structure and apply a solution addition and
school district in the method based on the type of subtraction,
Midwest region of word problem. and word
the U.S. problem
solving)
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Study and

Intervention condition

Comparison
condition

Appendix C

Outcome domain
and WWC-
calculated effect

WWC rating Study description? description description size®?
Malone et al. Design: RCT Duration: 35-minute sessions; 3 Business as Rational numbers
(2019) Contrast: Fractions times per week; 12 weeks usual core word problems/
Meets WWC  intervention with Content: Fractions mathematics probiem solving:
standards instruction in additive  Rgjevance to Recommendation: instruction 0.69
without word problems Students learned to identify
reservations vs. control word problems based on

Participants: 149 their underlying mathematical

grade 4 students with structure and apply a solution

mathematics difficulties method based on the type of

Setting: 58 classrooms ~ Word problem.

in 12 schools in 1

school district in a large

U.S. city®
Swanson Design: RCT Duration: 30-minute sessions; 3 Businessas  Whole numbers
(2014) Contrast: Word problem times per week; 8 weeks usual core word problems/
Meets WWC  instruction—verbal Content: Whole numbers mathematics  problem solving: 0.04
standards plus visual strategies  Ralevance to Recommendation: instruction
without _ condition vs. control Students learned to identify
reservations  paicipants: 33 relevant and irrelevant

grade 3 students with information and determine what

mathematics difficulties operation was needed.

Setting: 22 classrooms

in 2 schools in 1 school

district in the southwest

region of the U.S.1
Swanson, Design: RCT Duration: 30-minute sessions; 3 Business as Whole numbers
Lussier, etal. ~gntrast: Word problem times per week; 8 weeks usual core word problems/
(2013) instruction with heuristic Content: Whole numbers mathematics  problem solving: 0.57
Meets WWC  strategy plus visual Relevance to Recommendation: instruction
st?gda{ ds schematlcl diagrams Students learned to identify
without vs. contro relevant and irrelevant
reservations  participants: 38 information and determine what

grade 3 students with operation was needed.

mathematics difficulties

Setting: 21 classrooms?

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Appendix C | 117



Recommendation 5

Comparison

Appendix C

Outcome domain
and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?
Swanson, Design: RCT Duration: 30-minute sessions; 2 Small-group ~ Whole numbers
Moran, etal.  onirast: Word times per week; 10 weeks Futoriljg word probler.ns/.
(2013) problem instruction - Content: Whole numbers i |t°pt'cz problem solving: 0.39
i selecte
Meets WWC  complete condition Relevance to Recommendation: o the core
standards vs. control (students Students learned to restate mathematics
without with mathematics .
] e (paraphrase) the word problems curriculum
reservations  difficulties only) and identify and restate relevant
Participants: 33 and irrelevant information from
grade 3 students with the problem.
mathematics difficulties
Setting: 12 classrooms
in 4 schools in 2
school districts in the
southwest region of
the U.S.1
Swanson, Design: RCT Duration: 30-minute sessions; 2  Small-group Whole numbers
Moran, etal.  ~gntrast: Word times per week; 10 weeks instruction word problems/
(2014) problem instruction - Content: Whole numbers In |t°pt'cz problem solving: 0.14
I selecte
Meets WWC  complete condition Relevance to Recommendation:  fom the core
standards with vs. control (students )
' > ) Students learned to restate mathematics
reservations V\{|tr_1 ma_lthematlcs (paraphrase) the word problems curriculum
difficulties only) and identify and restate relevant
Participants: 45 and irrelevant information from
grade 3 students with the problem.
mathematics difficulties
Setting: 12 classrooms
in 4 schools in 2
school districts in the
southwest region of
the U.S.T
Swanson, Design: RCT Duration: 30-minute sessions; 3 The same Whole numbers
Orosco, et al. Contrast: Word problem times per week; 8 weeks yvord pr_oblem word problerr_13/.
(2014) instruction - material, Content: Whole numbers '”SE[LUCt'on pgogzem solving:
; as the -0.
Meets WWC  verbal, and visual Relevance to Recommendation: ;«ervention
standard; with strategles condltlonlv.s. Students learned to identify condition
reservations materials-only condition relevant and irrelevant T (e
Participants: 29 information and determine what specific
grade 3 students with operation was needed. strategy
mathematics difficulties instruction
Setting: 18 classrooms
in 1 school district
in California®
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Recommendation 5
Outcome domain

Comparison | and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?
Wang et al. Design: RCT Duration: 35-minute sessions; 3 Business as  Rational numbers
(2019) Contrast: Fractions times per week; 13 weeks usual core word problems/
Meets WWC intervention with word  Content: Whole numbers mathematics probiem solving:
standards problem instruction and fractions instruction 0.69
without (with or without self- Relevance to Recommendation: and any
reservations regulation) vs. control Students learned to identify scho_c()jl-d

provide

Participants: 84 word problems based on intervention
grade 3 students with their underlying mathematical
mathematics difficulties  structure and apply a solution
method based on the type of

Setting: 29 classrooms
word problem.

in 8 schools in 1 urban
school districtt

Note: Each row in this table represents a study, defined by the WWC as an examination of the effect of an intervention on a
distinct sample.

aSample size represents the maximum number of participants in the study. In some studies, the number of participants varied
across the outcome measures.

b Effect sizes presented here are from the posttest closest to the end of the intervention. For brevity, only the domain average
effect size and statistical significance are reported in this table. For studies that included multiple outcomes in a domain,
reported effect sizes and statistical significance are for the domain and calculated as described in the WWC Procedures
Handbook (version 4.0).

* Significant at p < 0.05.
T Indicates that the information is for the entire study (across all conditions).

Supplemental Findings for Recommendation 5

Supplemental findings (including impacts for follow-up, sub-scale, and distal measures) for four
studies are available at the corresponding study pages on the WWC website.?®

Three multiple contrasts studies included treatment-versus-treatment contrasts that were reviewed
to provide supplemental support for some of the How-to Steps in this recommendation.?' In one
study,?? the contrast looked at whether embedding word problem language instruction improved
word-problem performance. Findings demonstrated a significant and positive effect (g = 0.47). In
two studies,? the contrast looked at whether teaching students a strategy for identifying relevant
information in a word problem improved performance, compared to students who were only taught
to restate the word problem before solving it. Findings were not significant in either study and are
therefore inconclusive (g = 0.38 and g = 0.07).
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Recommendation 6: Timed Activities

Regularly include timed activities to build students’ retrieval of basic facts and fluent
use of critical steps for more complex mathematics.

Rationale for a Strong Level of Evidence

The WWC and the expert panel assigned Recommendation 6 a strong level of evidence based on

27 studies.?** Collectively, the studies have strong internal validity. Twenty-one studies meet WWC
group design standards without reservations because they were RCTs with low sample attrition.?>

Six studies meet WWC group design standards with reservations because they were either not as
well-implemented RCTs, RCTs with high sample attrition, or QEDs, but the analytic intervention

and comparison groups in each satisfied the baseline equivalence requirement.?¢ In addition, the 27
studies demonstrate strong external validity as their samples collectively included 4,336 students and
403 schools.?”

Across the 27 studies, there were findings in nine of the key outcome domains for this
recommendation (Table C.13). The effect sizes for all nine of these domains were statistically
significant and positive: algebra and algebraic reasoning (g = 0.55, p < 0.01), counting and cardinality
(g =0.27, p < 0.05), general mathematics achievement (g = 0.35, p < 0.01), rational numbers
computation (g =1.55, p < 0.01), rational numbers knowledge (g = 0.57, p < 0.01), rational numbers
magnitude understanding/relative magnitude understanding (g = 0.97, p < 0.01), whole numbers
computation (g = 0.64, p < 0.01), whole numbers knowledge (g = 0.09, p < 0.05) and whole numbers
magnitude understanding/relative magnitude understanding (g = 0.26, p < 0.01).

Table C.13. Domain-level effect sizes across the 27 studies supporting Recommendation 6

95%

Number of Confidence

studies (k) interval p Value
Algebra and Algebraic Reasoning 3 0.55 [0.29-0.81] <0.01
Counting and Cardinality 2 0.27 [0.04-0.49] <0.05
General Mathematics Achievement 5 0.35 [0.24-0.47] <0.01
Rational Numbers Computation 9 1.55 [1.42-1.67] <0.01
Rational Numbers Knowledge 9 0.57 [0.46-0.68] <0.01
I\Rﬂzt;}ri\tildgutzr:]t()jzrrs;tl\;:gir:;ude Understanding/Relative 8 0.97 [0.86-1.09] <0.01
Whole Numbers Computation 16 0.64 [0.54-0.74] <0.01
Whole Numbers Knowledge 1 0.09 NA <0.05
Whole Numbers Magnitude Understanding/ Relative 3 0.26 [0.11-0.41] <0.01

Magnitude Understanding

Note: All effect sizes were calculated using a fixed-effects meta-analytic effect size across studies except for the whole numbers
knowledge domain. This domain had findings from just one study; the effect size presented here is the WWC-calculated
domain-level average effect size for the individual relevant study. NA = not applicable; k = number of studies with at least one
outcome in the relevant domain and contributed to the meta-analytic effect size.

aSignificant findings are bolded.
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The 27 studies relevant to this recommendation have a preponderance of positive evidence,

strong internal and external validity, and are closely aligned with the practices outlined in the
recommendation. Therefore, the WWC and the panel determined that the recommendation receives
a strong evidence rating. This rating is supported by the strength of the evidence according to the
following criteria:

» Consistency of effects on relevant outcomes. Across the nine relevant domains with findings
from studies that meet WWC standards, all have a statistically significant positive meta-analytic effect
size. No domains have statistically significant, negative effect sizes.

» Extent of evidence. The 27 studies related to this recommendation demonstrated positive effects
with a medium to large extent of evidence. Five of the nine relevant domains (rational numbers
computation, rational numbers knowledge, rational numbers magnitude understanding/relative
magnitude understanding, whole numbers computation, whole numbers magnitude understanding/
relative magnitude understanding) had statistically significant, positive meta-analytic effect sizes, with
more than 50 percent of the meta-analytic weight from studies that meet WWC standards without
reservations, and had samples of more than 350 students and multiple districts and states. These five
domains represent a preponderance of the relevant domains with findings for this recommendation.

* Relationship between the evidence and recommendation. The 27 studies supporting this
recommendation exhibit a strong relationship between the evidence and recommended practices
because all 27 studies include at least one of the recommended practices as a major component (see
below for more information).

e Relevancy. The 27 studies supporting this recommendation have relevant samples, contexts,
comparisons, and outcomes. The studies included samples of students with, or at-risk for,
mathematics difficulties in kindergarten through grade 6; examined interventions that were
implemented as a supplement to Tier 1 instruction or in a resource room; and measured outcomes
in relevant domains. The interventions ranged from roughly 8 days to 19 weeks in duration. Most
studies had interventions of substantial length, as 22 studies’ interventions lasted at least 8 weeks.?®

A Brief Summary of the Studies Providing Evidence for the Recommendation

The 27 studies were directly related to the recommendation, with all studies testing interventions that
included the recommended practices as a major component. Eighteen studies examined interventions
that addressed whole-numbers concepts,?? seven addressed rational-numbers concepts,??® and two
focused on both whole-number and rational-numbers concepts.??!

All the studies included timed fluency activities within intervention. Eighteen studies focused on
fluency of mathematics facts (sometimes called number combinations),??? five studies focused on
fluent retrieval of other important mathematical information material (e.g., fractions equivalent to
one-half),?2? and four studies focused on both.?2* Two studies where the intervention focused only on
fractions concepts,?? fluency activities focused on whole numbers basic mathematics facts. This was
the only part of the lesson not focused on fractions.

In 19 studies,??¢ students were taught an efficient strategy for solving a problem that helped them solve
fluency-building activities (How-to Step 3). Students tracked their progress in 17 studies (How-to Step
4).227 In 26 studies,??® students received immediate feedback from the teacher or computer (How-to
Step 5). The first and second How-to Steps advise teachers on how to select fluency-building topics and
how to choose the activity and materials for implementation. These steps are based on panel advice.

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Appendix C | 121



Appendix C

Table C.14. Studies providing evidence for Recommendation 6: Regularly include timed activities to build
students’ retrieval of basic facts and fluent use of critical steps for more complex mathematics

Recommendation 6

Comparison

Outcome domain
and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description?® description description size®?
Barbieri et al. Design: RCT Duration: 45-minute sessions; 5 Business as Rational numbers
(2019) Contrast: Fractions times per week; 6 weeks usual core computation: 0.17
Meets WWC intervention vs. control  Content: Fractions matthertr_latlcs Rational numbers
; instruction : *
standards with  paicipants: 51 Relevance to Recommendation: knowledge: 1.09
reservations  grade 6 students with  Students participated in
mathematics difficulties  activities to support their fluency
Setting: 7 classrooms fjevelo_pment and _rece|ved
in 2 schools in the immediate corrective feedback.
northeast region of
the U.S.
Bryantetal. Design: RCT Duration: 25-minute sessions; 4 Businessas  General
(2011) Contrast: Early times per week; 19 weeks usual core mathematics
Meets WWC  numeracy tutoring Content: Whole numbers ma:he:qatlcs achievement: 0.50
instruction
standards vs. control Relevance to Recommendation:
without Participants: 203 Students learned strategies
reservations  grade 1 students with  to support their fluency
mathematics difficulties development.
Setting: 50 classrooms
in 10 schools in 1
school district in Texas
Dyson et al. Design: RCT Duration: 30-minute sessions. 3 Business as Counting and
(2015) Contrast: Number times per week; 8 weeks usual core cardinality: 0.82*
Meets WWC  sense intervention with  Content: Whole numbers mathematics  \yhole numbers
standards number-fact practice Relevance to Recommendation: instruction computation: 0.69*
without vs. control Students learned strategies
reservations  participants: 86 to support their fluency
kindergarten students  development and received
with mathematics corrective feedback.
difficulties
Setting: 4 schools in 2
school districtst
Dyson et al. Design: RCT Duration: 45-minute sessions; 5 Business as Rational numbers
(2018) Contrast: Fraction times per week; 6 weeks usual core computation: 0.48*
Meets WWC  sense intervention Content: Fractions matthertr_latlcs Rational numbers
instruction ;
stgndards vs. control Relevance to Recommendation: g any magnitude .
without Participants: 52 Students participated in school- understanding/
reservations  grade 6 students with  activities to support their fluency provided relative ma'ganude .
mathematics difficulties ~development and received intervention understanding: 0.90
Setting: 2 schools in immediate corrective feedback. Rational numbers
the northeast region of knowledge: 0.99"
the U.S.
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Appendix C

Outcome domain
and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?
Fien et al. Design: RCT Duration: 15-minute sessions; 4 Business as Counting and
(2016) . . times per week; 8 weeks usual core cardinality: 0.08

Contrast: Whole
Meets WWC  number concepts Content: Whole numbers _matthertr_latlcs Whole numbers

; ; instruction ;
stgndards intervention vs. control Relevance to Recommendation: and any magnitude _
without Participants: 238 Using a computer-based school- understanding/
reservations  grade 1 students with  program, students participated provided relative mag”“_Ude

mathematics difficulties  in activities to support their intervention understanding: 0.07

Setting: 26 classrooms fluency development and Whole numbers

in 9 schools in 2 received corrective feedback. knowledge: 0.09*

suburban school

districts in Eugene and

Portland, OR
Fuchs et al. Design: RCT Duration: 40-minute sessions; 3 Businessas  Whole numbers
(2005) Contrast: Preventive times per week; 16 weeks usual core computation: 0.23
Meets WWC  mathematics tutoring ~ Content: Whole numbers rna:he:patlcs General

instruction ;

st_andards vs. control Relevance to Recommendation: mat_hematlcs. .
without Participants: 127 Using a computer-based achievement: 0.38
reservations  grade 1 students with  program, students participated

mathematics difficulties in activities to support their

Setting: 41 classrooms ~ flueéncy development

in 10 schools in 1 urban and received immediate

school district in the corrective feedback.

southeast region of

the U.S.
Fuchs et al. Design: RCT Duration: 10-minute sessions; 3 Computer- Whole numbers
(2006) Contrast: Computer- times per week; 18 weeks assisted computation: 0.39
Meets WWC  assisted instruction Content: Whole numbers '(r(‘:S;\rIL)’Ct_'O’_]l

oAt similar
stgndards for. numper combination | pajevance to Recommendation: e A
without skill vs. irrelevant control ; N !
. : Using a computer-based condition but

reservations (com_put.er—as&slted program, students participated  tocused on

spelling instruction) in activities to support their presenting

Participants: 33 fluency development spelling

grade 1 stgden_ts_ with and regeived immediate words instead

mathematics difficulties corrective feedback. of number

Setting: 9 classrooms combinations

in 3 schools in 1 urban

school district
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Comparison

Appendix C

Outcome domain
and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?
Fuchs, Geary, Design: RCT Duration: 30-minute sessions; 3 Business as Whole numbers
et al. (2013) Contrast: Number times per week; 16 weeks usual core computation: 0.78*
Meets WWC  knowledge tutoring with Content: Whole numbers _matthertr_latlcs Whole numbers
standards speeded practice Relevance to Recommendation: o Heton magnitude
without vs. control Students learned strategies understanding/
reservations  participants: 401 to support their fluency relative ma:qmt(ude .
grade 1 students with  development and received understanding: 0.29
mathematics difficulties immediate corrective feedback.
Setting: 233 Students trackgd their progress
classrooms in 40 and worked to improve their
schools in 1 urban scores each lesson.
school district in the
southeast region of
the U.S.T
Fuchs, Design: RCT Duration: 40-minute sessions; 3 Business as Rational numbers
Malone, etal. ,ntrast: Fractions times per week; 13 weeks usual core computation: 1.72*
(2019) magnitude intervention  Content: Whole numbers mathematics  Rational numbers
Meets WWC  (with or without error  and fractions ms;(Iructlon magnitude
standards with analysis) vs. control Relevance to Recommendation: zgho?)rl]-y understanding/
reservations  participants: 143 grade  Students learned strategies provided relative ma_gnljtude .
4 and 5 students with  to support their fluency intervention undlerstandmg. 1.35
mathematics difficulties development and received Rational numbers
Setting: 49 classrooms immediate correctivel feedback. knowledge: 0.05
in 13 schools in 1 urban Students tracked their progress
school district in the and worked to improve their
southeast region of scores each lesson.
the U.S.T
Fuchs, Design: RCT Duration: 35-minute sessions; 3 Business as Rational numbers
Malone, etal. ,ntrast: Fractions times per week; 12 weeks usual core computation: 1.79*
(2016) intervention with Content: Fractions _matthertr)ancs Rational numbers
; P P instruction ;
Meets WWC mstructpn in prowdmg Relevance to Recommendation: 4 any magnitude .
stgndards explanations or solving  gt,dents learned strategies to <chool. unde_rstandlng/
without ' word problems support their fluency skills and orovided relative magm?ude .
reservations vs. control received immediate corrective i tervention understanding: 0.93
Participants: 212 feedback. Students tracked their Rational numbers
grade 4 students with progress and worked to improve knowledge: 0.86*
mathematics difficulties  their scores each lesson.
Setting: 52 classrooms
in 14 schools in 1
school district"
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Outcome domain
and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?
Fuchs, Design: RCT Duration: 15- to 18-minute Tutoring Whole numbers
Powell, etal. - nirast: Fact retrieval  S€SSions; 3 times per week; in word- computation: 0.08
(2008) with procedural 15 weeks identification  \yhole numbers
Meets WWC computation and Content: Whole numbers skills magnitude
standards with cor_nputgtional _ Relevance to Recommendation: undgrstanding/
reservations estl_matlon tutoring Students learned strategies relative ma_gnlt[ude .

VS. |rrellevar_1t. coptrol to support their fluency understanding: 0.82

(word-identification development and received General

skill tutoring) immediate corrective feedback. mathematics

Participants: 66 Students tracked their progress achievement: 0.16

grade 3 students with and worked to improve their

mathematics difficulties scores each lesson. Fluency

Setting: 80 classrooms activities were both_ computer-

in 18 schools in based and with an instructor.

Nashville, TN and

Houston, TX*
Fuchs et al. Design: RCT Duration: 20- to 30-minute Business as Whole numbers
(2009) Contrast: Tutoring in sessions; 3 times per week; usual core computation: 0.56*
Meets WWC  automatic retrieval 16 weeks mathematics  Aigebra and
standards vs. control Content: Whole numbers instruction algebraic reasoning:
without Participants: 91 Relevance to Recommendation: 0.23
reservations  grade 3 students with  Students learned strategies

mathematics difficulties  to support their fluency

Setting: 63 classrooms ~development and received

in 18 schools in 2 immediate corrective feedback.

school districts in Students tracked and graphed

Nashville. TN and their progress. Fluency activities

Houston ,TXT were both computer-based and

' with an instructor.

Fuchs et al. Design: RCT Duration: 20- to 30-minute Business as Whole numbers
(2010) Contrast: Word sessions; 3 times per week; usual core computation: 0.76*
Meets WWC  problem instruction 16 weeks mathematics  Aigebra and
standards with strategic counting  Content: Whole numbers instruction algebraic reasoning:
without _ practice vs. control Relevance to Recommendation: 0.76*
reservations  participants: 101 Students learned strategies

grade 3 students with to support their fluency

mathematics difficulties development and received

Setting: 84 classrooms corrective feedback. Students

in 31 schools in 2 tracked their progress and

urban school districts worked to improve their scores

in Nashville, TN.and ~ ©ach lesson.

Houston, TX'
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Study and
WWC rating

Fuchs,
Schumacher,
et al. (2013)

Meets WWC
standards
without
reservations

Fuchs,
Schumacher,
et al. (2016)

Meets WWC
standards
without
reservations

Fuchs et al.
(2014)

Meets WWC
standards
without
reservations

Fuchs,
Seethaler, et
al. (2008)

Meets WWC

standards with

Study description?
Design: RCT

Contrast: Fractions
understanding
intervention vs. control

Participants: 259
grade 4 students with

mathematics difficulties

Setting: 53 classrooms
in 13 schoolst

Design: RCT

Contrast: Fractions
intervention with
instruction in solving
multiplicative or additive
word problems

vs. control

Participants: 213
grade 4 students with

mathematics difficulties

Setting: 45 classrooms
in 14 schoolst

Design: RCT

Contrast: Fractions
knowledge intervention
with fluency building
activities vs. control

Participants: 164
grade 4 students with

mathematics difficulties

Setting: 49 classrooms
in 14 schools in 1 urban
school districtt

Design: RCT

Contrast: Tutoring in
solving word problems
vs. control

Participants: 35

Intervention condition
description

Duration: 30-minute sessions; 3
times per week; 12 weeks

Content: Fractions

Relevance to Recommendation:
Students learned strategies

to support their fluency
development and received
immediate corrective feedback.
Students tracked their progress
and worked to improve their
scores each lesson.

Duration: 35-minute sessions; 3
sessions per week; 12 weeks

Content: Fractions

Relevance to Recommendation:
Students learned strategies

to support their fluency
development and received
immediate corrective feedback.
Students tracked their progress
and worked to improve their
scores each lesson.

Duration: 30-minute sessions; 3
times per week; 12 weeks

Content: Fractions

Relevance to Recommendation:
Students learned strategies

to support their fluency
development and received
immediate corrective feedback.
Students tracked their progress
and worked to improve their
scores each lesson.

Duration: 20- to 30-minute
sessions; 3 times per week;
12 weeks

Content: Whole numbers

Relevance to Recommendation:

Comparison
condition
description

Business as
usual core
mathematics
instruction
and any
school-
provided
intervention

Business as
usual core
mathematics
instruction
and any
school-
provided
intervention

Business as
usual core
mathematics
instruction

Business as
usual core
mathematics
instruction

Appendix C

Outcome domain
and WWC-
calculated effect
size®

Rational numbers
computation: 2.50*

Rational numbers
magnitude
understanding/
relative magnitude
understanding: 1.46*

Rational numbers
knowledge: 0.92*

Rational numbers
computation: 1.34*

Rational numbers
magnitude
understanding/
relative magnitude
understanding: 0.80*

Rational numbers
knowledge: 0.34*

Rational numbers
computation: 1.44*

Rational numbers
magnitude
understanding/
relative magnitude
understanding: 0.96*

Rational numbers
knowledge: 0.64*

Whole numbers
computation: 0.49

General
mathematics
achievement: 0.19

reservations  grade 3 students with  Students participated in
mathematics difficulties  activities to support their fluency
Setting: 18 classrooms development. Stgdents tracked
in 1 urban school and graphed their progress and
district in the southeast received corrective feedback.
region of the U.S.
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Comparison

Appendix C

Outcome domain
and WWC-

udy an ntervention condition condition calculated effec
Stud d Int ti diti diti Iculated effect
WWC rating Study description? description description size®?
Fuchs, Design: RCT Duration: 30-minute sessions; 3 Business as Whole numbers
Seethaler, et Contrast: Number times per week; 15 weeks usual core computation: 0.59*
al. (2019) knowledge intervention  Content: Whole numbers _matthertr_latlcs
instruction
Meets WWC  vs. control Relevance to Recommendation:
standards Participants: 196 Students learned strategies
without grade 1 students with  to support their fluency
reservations  mathematics difficulties development and received
Setting: 186 immediate corrective feedback.
classrooms in Students tracked and graphed
21 schools’ their progress and worked
to improve their scores
each lesson.
ersten et al. esign: Cluster uration: 40-minute sessions; usiness as enera
Gersten et al. Design: Cluster RCT Duration: 40-minut i Busi G I
(2015) Contrast: Number 3-4 times per week; 17 weeks usual core mathematics
Meets WWC  operations intervention ~ Content: Whole numbers _matthertr_latlcs achievement: 0.34*
. instruction
standards with vs. control Relevance to Recommendation:
reservations  participants: 881 Students participated in
grade 1 students with activities to support their fluency
mathematics difficulties development and received
Setting: 76 schools in 4 immediate corrective feedback.
urban school districts in
4 states in the south-
central and southwest
regions of the U.S.
Kanive etal.  Design: RCT Duration: 15-minute sessions; 1 Businessas = Whole numbers
(2014) Contrast: Computer- time per week; 2 weeks usual core computation: 0.50
Meets WWC  based practice Content: Whole numbers rna:he:patlcs
instruction
standards vs. control Relevance to Recommendation:
without Participants: 56 grade  Using a computer-based
reservations 4 and 5 students with ~ program, students participated
mathematics difficulties in activities to support their
Setting: 1 school fluer!cy developr_nent and
in Minnesotar received corrective feedback.
Malone et al. Design: RCT Duration: 35-minute sessions; 3 Business as Rational numbers
(2019) Contrast: Fractions times per week; 12 weeks usual core computation: 1.53*
Meets WWC intervention with word  Content: Fractions, decimals _mattherpancs Rational numbers
standards problem instruction Relevance to Recommendation: o octon magnitude
without ' or decwpal magnitude Students learned strategies unde_rstandlng/
reservations instruction vs. control to support their fluency relative ma_gm?ude .
Participants: 225 development and received understanding: 0.48
grade 4 students with immediate corrective feedback. Rational numbers
mathematics difficulties  Students tracked their progress knowledge: 0.12
Setting: 58 classrooms and workedhtlo improve their
in 12 schools in 1 Scores each lesson.
school district®
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Recommendation 6
Outcome domain

Comparison | and WWC-

Study and Intervention condition condition calculated effect
WWC rating Study description? description description size®?

Powell and Design: RCT Duration: 10- to 15-minute Businessas  Whole numbers
Driver (2015)  ontrast: Addition sessions; 3 times per week; usual core computation: 0.34
Meets WWC  tutoring (with or without 8 Weeks mathematics

standards embedded vocabulary  Content: Whole numbers instruction

without component) vs. control  Rejevance to Recommendation:

reservations  paricipants: 98 Students learned strategies

grade 1 students with to support their fluency

mathematics difficulties development and received

Setting: 58 classrooms immediate corrective feedback.

in 18 schools in 2 Students also tracked and

school districts inthe ~ 9raphed their progress.

mid-Atlantic region of

the U.S.T
Powell, Design: RCT Duration: 10- to 15-minute Business as Whole numbers
Driver, et al. Contrast: Standard sessions; 3 times per week; usual core computation: 0.23
(2015) equations tutoring or 4 Weeks mathematics  Aigebra and
Meets WWC  combined (standard Content: Whole numbers instruction algebraic reasoning:
standards and nonstandard) Relevance to Recommendation: 0.80"
without equations tutoring Students learned strategies
reservations vs. control to support their fluency

Participants: 51 development and received

grade 2 students with immediate corrective feedback.

mathematics difficulties Students also tracked and

Setting: 31 classrooms  9raphed their progress.

in 10 schools in 2

school districts in the

mid-Atlantic region of

the U.S.1
Powell, Design: Cluster QED Duration: Tier 1 portion: 40- to Business as Whole numbers
Fuchs,etal.  cgntrast: Calculation 45-minute sessions; 2 times per usual core computation: 1.19*
(2015) intervention vs. control  Week; 17 weeks; Tier 2 portion ~ mathematics

L (beginning week 4 of the Tier instruction

ggs:;gr/vfith Participants: 174 1 portion): 25- to 30-minute

grade 2 students with

) o Y sessions; 3 times per week
mathematics difficulties

reservations

) Content: Whole numbers
Setting: 110 classrooms

in 25 schools in 1 urban
school districtt

Relevance to Recommendation:
Students learned strategies

to support their fluency
development and received
immediate corrective feedback.
Students also tracked and
graphed their progress.
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Study and
WWC rating

Powell et al.
(2009)

Meets WWC
standards
without
reservations

Tournaki, N.
(2003)

Meets WWC
standards
without
reservations

Wang et al.
(2019)

Meets WWC
standards
without
reservations

Study description?
Design: RCT
Contrast: Conceptual

fact retrieval instruction
with practice vs. control

Participants: 63
grade 3 students with

mathematics difficulties
Setting: 75 classrooms

in 17 schools in
Nashville, TN and
Houston, TXt

Design: RCT

Contrast: Minimum-
addend strategy
instruction vs. control

Participants: 28
grade 2 students with

mathematics disabilities

or difficulties

Setting: 1 urban school

district in New York*
Design: RCT

Contrast: Fractions
intervention with word
problem instruction
(with or without self-
regulation) vs. control

Participants: 84
grade 3 students with

mathematics difficulties
Setting: 29 classrooms

in 8 schools in 1 urban
school districtt

Intervention condition
description

Duration: 22- to 25-minute
sessions; 3 times per week;
15 weeks

Content: Whole numbers

Relevance to Recommendation:
Students learned strategies

to support their fluency
development and received
corrective feedback. Students
also tracked and graphed their
progress. Fluency activities
were both computer-based and
with an instructor.

Duration: 15-minute sessions; 5
times per week; 8 days

Content: Whole numbers

Relevance to Recommendation:
Students learned a strategy

to support their fluency
development and received
immediate corrective feedback.

Duration: 35-minute sessions; 3
times per week; 13 weeks

Content: Whole numbers
and fractions

Relevance to Recommendation:
Students learned strategies

to support their fluency
development and received
immediate corrective feedback.
Students tracked their progress
and worked to improve their
scores each lesson.

Comparison
condition
description

Business as
usual core
mathematics
instruction

Business as
usual core
mathematics
instruction

Business as
usual core
mathematics
instruction
and any
school-
provided
intervention

Appendix C

Outcome domain
and WWC-
calculated effect
size®

Whole numbers
computation: 0.62*

Whole numbers
computation: 2.30*

Whole numbers
computation: 0.59*

Rational numbers
computation: 1.27*

Rational numbers
magnitude
understanding/
relative magnitude
understanding: 0.95*

Rational numbers
knowledge: 0.85*

Note: Each row in this table represents a study, defined by the WWC as an examination of the effect of an intervention on a

distinct sample.

aSample size represents the maximum number of participants in the study. In some studies, the number of participants varied
across the outcome measures.
b Effect sizes presented here are from the posttest closest to the end of the intervention. For brevity, only the domain average
effect size and statistical significance are reported in this table. For studies that included multiple outcomes in a domain,

reported effect sizes and statistical significance are for the domain and calculated as described in the WWC Procedures

Handbook (version 4.0).
* Significant at p < 0.05.
T Indicates that the information is for the entire study (across all conditions).
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Supplemental Findings for Recommendation 6

Supplemental findings (including impacts for follow-up, sub-scale, and distal measures) for seven
studies are available at the corresponding study pages on the WWC website.?2?

Six studies included a contrast between two treatment conditions. In two studies, one treatment
condition focused on strategy development for fluency activities related to mathematics facts, while
the other treatment did not support students in developing or using a strategy (How-to Step 3). In one
study,° a large significant effect was found for whole numbers computation, (g = 1.48*). In the other
study,?! findings were positive but not significant for the same domain (g = 0.37).

In three studies, one treatment included a timed fluency activity and the other treatment was identical
except for being an untimed activity, which is highly relevant to the recommendation because it
contrasts timed activities with those that are untimed. All impacts were positive, however not all were
statistically significant across domains. In one study,?? impacts for counting and cardinality were
significant, (g = 0.42*) but nonsignificant for whole numbers computation (g = 0.09). In the second
study,?* findings were significant for whole numbers computation (g = 0.36*). In the third study,?*
findings were positive but not significant (g = 0.20).

One study focused on number line concepts related to building fluency in number combinations
during other parts of the intervention and the other treatment condition did not.?* This contrast
addressed the value added of linking a specific concept to the fluency activity. These findings were
inconclusive for whole numbers computation (g = 0.06).
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Appendix D: About the Panel and Key WWC Staff

Panel

Lynn S. Fuchs, Ph.D. (Panel Chair), is Professor of Special Education and the Family Endowed
Chair of Psychoeducational Assessment, Department of Special Education, Peabody College of
Vanderbilt University; Alexander Heard Distinguished Service Professor at Vanderbilt University; and
Professor of Pediatrics at Vanderbilt University Medical Center. She has conducted programmatic
research on instructional methods for improving the mathematics outcomes of students at risk for
and with learning disabilities, on assessment methods for enhancing instructional planning, and

on the cognitive and linguistic characteristics associated with mathematics development. She has
published more than 500 empirical studies in peer-reviewed journals, sits on the editorial boards of
a variety of journals, and has been identified as one of the most frequently cited researchers in the
social sciences. She has received a variety of awards to acknowledge her research accomplishments
that have enhanced mathematics outcomes for children with and without disabilities. This includes the
American Educational Research Association’s Distinguished Contributions to Research in Education
Award and the Council for Exceptional Children’s Career Research Award.

Nicole Bucka, M.A., is a Multi-Tiered Systems of Support (MTSS) Specialist for the State of Rhode
Island’s BRIDGE-RI (Bridging Research, Implementation, & Data to Guide Education in Rhode Island).
Targeting mathematics as a statewide need in 2012, she noted the lack of implementation guidance
and recruited five middle schools to pilot implementation of the recommendations in the original
IES practice guide, Assisting Students Struggling with Mathematics: Response to Intervention (Rt) for
Elementary and Middle Schools. Based on the lessons learned from this collaboration, she developed
training, tools, and implementation guidance to support scale-up. She brings a diverse skill set to the
work, in part because of the many roles she has held in her education career: English teacher, English
language development teacher, special educator and department chair, Response to Intervention
district coordinator, and social-emotional facilitator. She has also served as a coach for the National
Center on Intensive Intervention and as a senior advisor for the Office of Special Education Programs
(OSEP)-funded PROGRESS Center, and has presented at national conferences on issues related to
intensive intervention, MTSS in mathematics, and academic vocabulary.

Ben Clarke, Ph.D., is an Associate Professor in the School Psychology Program and the Associate
Director of the Center on Teaching and Learning at the University of Oregon. His research focuses
broadly on the development of students’ mathematical thinking and how school systems can support
all students’ mathematical learning needs. He has led multiple federal grants from the Institute of
Education Sciences, Office of Special Education Programs, and the National Science Foundation to
develop and test the efficacy of mathematics intervention programs spanning the spectrum of grades
K-6 in both traditional and technology-based formats. Also, he has designed and validated screening
and progress monitoring assessments in the area of early mathematics and number sense. He has
published more than 40 articles and 10 book chapters in the area of mathematics instruction and
assessment. He has contributed to the development of multi-tiered instructional models, including
the IES practice guide Assisting Students Struggling with Mathematics: Response to Intervention (Rtl) for
Elementary and Middle Schools. He was a practicing school psychologist for three years, where he led
district efforts to implement response to intervention and multi-tier instructional models.
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Barbara Dougherty, Ph.D., is the director of the Curriculum Research and Development Group for
the College of Education at the University of Hawai’i. Her work focuses on mathematics education for
students who struggle, specifically on improving algebraic concepts and skills. She is the co-Principle
Investigator (co-PI) on an IES development and innovation grant to develop grade 3 intervention
materials related to multiplicative relationships. Her previous IES funding was to develop MTSS
modules for middle grades and to construct screening and progress monitoring assessments. She was
a K-12 special education teacher for more than 10 years and taught mathematics in K-12 for over 18
years. Much of her educational research has been conducted in classrooms while collaborating with
practitioners to develop curriculum and professional development materials.

Nancy Jordan, Ph.D., is Dean Family Endowed Chair and Professor of Education at the University

of Delaware. Her research focuses on how children learn mathematics and why so many struggle.

She has received numerous grants to fund her research, including ones from the National Institute of
Child Health and Human Development, IES, and the Spencer Foundation. Notably, she was PI of the
Center for Improving Learning of Fractions (funded by IES), where she studied the development of
grade 3-6 students at-risk for failure in mathematics. She is the author of many highly cited journal
articles on children’s mathematics. She has also developed number sense screeners and interventions
for at-risk learners. She is a fellow of the American Educational Research Association and the
Association for Psychological Science. She was the recipient of the 2020 Kauffman-Hallahan-Pullin
Distinguished Researcher Award of the Council for Exceptional Children. Recently, she served as Chair
of the Governing Board of the Mathematical Cognition and Learning Society. She also served on the
Committee on Early Childhood Mathematics of the National Research Council of the National Academies
and as an expert panel member for the IES practice guide on teaching math to young children.

Karen Karp, Ed.D., is a Professor in the School of Education at Johns Hopkins University. Previously,
she was a Professor of Mathematics Education at the University of Louisville, where she received the
Distinguished Teaching Award and the Distinguished Service Award for a Career of Service. She is

the co-author of the most widely used methods textbook on teaching mathematics in K-8 education—
Elementary and Middle School Mathematics: Teaching Developmentally. She has also authored or
co-authored 45 journal articles and more than 30 books in mathematics education, including subjects
such as teaching and learning in mathematics, creating a school-wide mathematics pact, student-
centered mathematics, and ways to inspire girls to think mathematically. She served on the board

of directors of the National Council of Teachers of Mathematics (NCTM) and was president of the
Association of Mathematics Teacher Educators (AMTE). She served as a co-PI with Russell Gersten on
a grant funded by NSF, the goal of which was to bring teams of mathematics educators and special
educators together to combine efforts in producing research on MTSS in mathematics.

John Woodward, Ph.D., is currently Distinguished Professor Emeritus and past Dean of the School of
Education at the University of Puget Sound in Tacoma, Washington. The majority of his research since
1989 has focused on mathematics education for low-achieving and special education students. He has
published over 80 peer-reviewed articles in professional education journals, as well as 15 book chapters.
His research is cited in considerable detail in the recent Instructional Practices Report from the National
Mathematics Panel (2008) and the IES practice guide Assisting Students Struggling with Mathematics:
Response to Intervention (RtI) for Elementary and Middle Schools (2009). He also chaired the IES practice
guide Improving Mathematical Problem Solving in Grades 4 through 8 (2012). In addition to conducting
research, he is the senior author of a widely used mathematics intervention curriculum for middle-grade
students. He is also the senior author of professional development materials based on the Common Core
Standards. He has presented on issues in mathematics education in the U.S., Canada, Germany, Australia,
Japan, Korea, and the People’s Republic of China.
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Key WWC Staff

Madhavi Jayanthi, Ed.D., research director at Instructional Research Group (IRG), served as project
director for this practice guide. She also participated in various capacities in developing four other
practice guides on a range of topics (English learners, response to intervention in mathematics,
mathematical problem solving, and dropout prevention). Jayanthi served as a co-PI of several multi-
site RCTs funded by National Center for Education Research, National Center on Education and the
Economy, and National Science Foundation. She currently serves as a co-PI for an OSEP-funded study
focused on building algebraic reasoning for at-risk middle school students. Jayanthi is certified in WWC
4.1 group design standards. Her research interests include examining effective instructional practices
in mathematics and reading for struggling learners.

Russell Gersten, Ph.D., executive director at IRG and professor emeritus of educational research at
the University of Oregon, served as the principal investigator. Gersten developed the very first practice
guide and created the concept of “roadblocks” in practice guides. He led, as either the panel chair or
PI, the teams that developed five practice guides. Gersten has played a considerable role in the WWC
virtually since its inception. He was senior author of a meta-analysis of mathematics interventions

for students with learning disabilities published in the Review of Educational Research, and he has
authored over 160 articles in scholarly journals, including major pieces on screening and intervention
in MTSS in mathematics, and the role of the number line and number sense in interventions.

Rebecca Newman-Gonchar, Ph.D., senior research associate at IRG, served as a recommendation
writer. She has contributed to six practice guides on a range of topics, including the first practice
guide focused on English learners, response to intervention in mathematics, response to intervention
in reading, and mathematical problem-solving; and two practice guide updates focused on English
learners and dropout prevention. She served as a co-PI for two research syntheses—one focused on
studies of mathematics professional development and one on reading interventions for struggling
students—and she is currently serving as a co-PI for an NSF-funded meta-analysis of rational number
interventions for struggling students. Newman-Gonchar is certified in 4.1 group design standards.

Robin F. Schumacher, Ph.D., senior research associate at IRG, served as a recommendation writer.
She is a certified WWC reviewer in 4.1 group design standards. She has reviewed studies using WWC
group design standards for several topic areas and projects. She recently co-authored a professional
learning community (PLC) guide based on the recommendations from the practice guide focused on
mathematical problem-solving. She serves as co-PI for an NSF-funded meta-analysis of rational number
interventions and for an OSEP-funded project on improving algebraic reasoning of middle school
students with mathematics learning disabilities. Her research focuses on developing and implementing
mathematics intervention as part of MTSS across grades K-8.

Julia Lyskawa, M.P.P., researcher at Mathematica, served as the project lead for the Mathematica
subcontract with IRG. She has worked in various capacities on three practice guides on a range of
topics (secondary writing, algebra knowledge, and teaching math to young children). Lyskawa oversaw
implementation of the WWC’s dissemination strategy for practice guides and other products, created
supplemental resources to support each practice guide, and promoted practice guides at conferences
and through webinars and social media. She created the concept of practice guide summaries and

has written several for numerous practice guides. She is a certified WWC reviewer in the version 4.1
group design standards and has conducted reviews and reconciliations across a range of topic areas for
practice guides and intervention reports.
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Betsy Keating, M.P.P., researcher at Mathematica, served as the evidence coordinator for this
practice guide. She served as the deputy practice lead and deputy evidence lead on two practice
guides that focused on algebra knowledge and foundational reading. Keating co-authored Tips for
Supporting Reading Skills at Home, a supplemental product providing tips for parents or caregivers
drawn from the evidence-based classroom practices in the foundational reading practice guide.
Keating is certified in version 4.1 group design standards and version 4.1 single-case design standards.

Seth Morgan, M.A., systems analyst at Mathematica, served as the deputy evidence lead for this
practice guide. Morgan has been a certified WWC reviewer since 2014, reviewing group design studies
under multiple topic areas. He co-authored the WWC-OREGANO Literacy Fact Sheet, a supplemental IES
product providing a brief overview of key WWC activities and findings under the topic area. Morgan is
certified in version 4.1 group design standards and in version 4.1 single-case design standards.

Kelly Haymond, M.A., research associate at IRG, served as a deputy evidence coordinator. As a
certified WWC reviewer since 2008, Haymond has reviewed group design studies for eight practice
guides, three topic areas, two REL research digests, and two meta-analyses. She is currently certified
in 4.1 group design and RDD evidence standards. For the updated English learner practice guide, she
served as the evidence lead, overseeing reviews of more than 70 studies. Her research interests include
universal screening measures and advanced quantitative methods and have yielded publications in
peer-reviewed journals such as Journal of Educational Psychology, Exceptional Children, and Elementary
School Journal.
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Practice guide panels are composed of individuals who are nationally recognized experts on the topics
about which they are making recommendations. The Institute of Education Sciences (IES) expects the
experts to be involved professionally in a variety of other matters that might relate to their work as a
panelist. Panel members are asked to disclose these professional activities and institute deliberative
processes that encourage critical examination of their views as they relate to the content of the
practice guide. The potential influence of the panel members’ professional activities is further muted
by the requirement that they ground their recommendations in evidence that is documented in the
practice guide. In addition, before all practice guides are published, they undergo an independent
external peer review focusing on whether the evidence related to the recommendations in the guide
has been presented appropriately.

The professional activities reported by each panel or staff member that appear to be most closely
associated with the panel recommendations are noted below.
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Dr. Lynn S. Fuchs (Chair) co-authored articles that were reviewed and used for evidence for this
practice guide. She developed the interventions that were examined in articles that contributed to
evidence.

Dr. John Woodward was the one of the developers of the TransMath® curricula, which is
commercially available. An adapted version of TransMath® was examined in one study that contributes
to the evidence.

Dr. Nancy C. Jordan co-authored articles that were reviewed and used for evidence for this practice
guide. She developed the interventions that were examined in articles that contributed to evidence.

Dr. Barbara Dougherty co-authored articles referenced in this guide.
Dr. Karen Karp co-authored articles referenced in this guide.

Dr. Ben Clarke co-authored articles that were reviewed and used for evidence for this practice guide.
He developed the interventions that were examined in articles that contributed to evidence. He is
eligible to receive royalties from the University of Oregon’s distribution and licensing of certain ROOTS-
based works. The ROOTS intervention was reviewed for this practice guide.

Staff

Dr. Russell Gersten co-authored articles that were reviewed and used for evidence for this practice
guide.

Dr. Madhavi Jayanthi co-authored articles that were reviewed and used for evidence for this
practice guide.

Dr. Robin F. Schumacher co-authored articles that were reviewed and used for evidence for this
practice guide. She played a role in the development of some interventions that were examined in
articles that contributed to evidence.

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | AppendixE | 135



References

Barbieri, C. A., Rodrigues, J., Dyson, N., & Jordan, N. C. (2019). Improving fraction
understanding in sixth graders with mathematics difficulties: Effects of a number line
approach combined with cognitive learning strategies. Journal of Educational Psychology,
112(3), 628-648. https://eric.ed.gov/?id=ED595952

Baroody, A. ]., Bajwa, N. P., & Eiland, M. (2009). Why can’t Johnny remember the basic facts?
Developmental Disabilities Research Reviews, 15(1), 69-79. https://eric.ed.gov/?id=EJ859019

Baroody, A. J., Eiland, M. D., Purpura, D. ]., & Reid, E. E. (2012). Fostering at-risk kindergarten
children’s number sense. Cognition and Instruction, 30(4), 435-470. https://eric.
ed.gov/?id=E]J982662

Batty, G. D., Kivimdki, M., & Deary, I. J. (2010). Intelligence, education, and mortality. British Medical
Journal, 340, 989-990. https://doi.org/10.1136/bmj.c563

Bay-Williams, J. M., & Livers, S. (2009). Supporting math vocabulary acquisition. Teaching Children
Mathematics, 16(4), 238-245. https://eric.ed.gov/?id=E]J862806

Beck, I. L., McKeown, M. G., & Kucan, L. (2002). Bringing words to life: Robust vocabulary instruction.
Guilford Press.

Beirne-Smith, M. (1991). Peer tutoring in arithmetic for children with learning disabilities. Exceptional
Children, 57(4), 330-337. https://eric.ed.gov/?id=EJ425681

Berkeley, S., Scanlon, D., Bailey, T. R., Sutton, J. C., & Sacco, D. M. (2020). A snapshot of RTI
implementation a decade later: New picture, same story. Journal of Learning Disabilities. Advance
online publication. https://eric.ed.gov/?id=EJ1263303

Bryant, B. R., Bryant, D. P., Roberts, G., & Fall, A.-M. (2016). Effects of an early numeracy
intervention on struggling kindergarteners’ mathematics performance. International
Journal for Research in Learning Disabilities, 3(1), 29-45. https://eric.ed.gov/?id=EJ1155717

Bryant, D. P., Bryant, B. R., Roberts, G., Vaughn, S., Pfannenstiel, K. H., Porterfield, J., &
Gersten, R. (2011). Early numeracy intervention program for first-grade students with
mathematics difficulties. Exceptional Children, 78(1), 7-23. https://eric.ed.gov/?id=EJ939950

Bryant, D. P., Goodwin, M., Bryant, B. R., & Higgins, K. (2003). Vocabulary instruction for students
with learning disabilities: A review of the research. Learning Disability Quarterly, 26(2), 117-128.
https://eric.ed.gov/?id=E]J676157

Bush, S. B., Karp, K. S., & Dougherty, B. (2020). The math pact, middle school: Achieving instructional
coherence within and across grades. Corwin.

Capraro, M. M., & Joffrion, H. (2006). Algebraic equations: Can middle-school students meaningfully
translate from words to mathematical symbols? Reading Psychology, 27(2-3), 147-164. https://eric.
ed.gov/?id=E]737448

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | References | 136


https://eric.ed.gov/?id=ED595952
https://eric.ed.gov/?id=EJ859019
https://doi.org/10.1136/bmj.c563
https://eric.ed.gov/?id=EJ862806
https://eric.ed.gov/?id=EJ425681
https://eric.ed.gov/?id=EJ1263303
https://eric.ed.gov/?id=EJ1155717
https://eric.ed.gov/?id=EJ939950
https://eric.ed.gov/?id=EJ676157
https://eric.ed.gov/?id=EJ982662
https://eric.ed.gov/?id=EJ737448

References

Carlisle, J. F., Kenney, C. K., & Vereb, A. (2013). Vocabulary instruction for students at risk for reading
disabilities: Promising approaches for learning from texts. In D. C. Chard, B. G. Cook, & M. G.
Tankersley (Eds.), Research-based strategies for improving outcomes in academics (pp. 47-60).
Pearson.

Carpenter, T. P., Fennema, E., Franke, M. L., Levi, L., & Empson, S. B. (1999). Children’s mathematics:
Cognitively guided instruction. Heinemann.

Chi, M. T., Siler, S. A., Jeong, H., Yamauchi, T., & Hausmann, R. G. (2001). Learning from human
tutoring. Cognitive Science, 25(4), 471-533. https://doi.org/10.1207/s15516709c0g2504 1

Clarke, B., Doabler, C. T., Kosty, D., Kurtz-Nelson, E., Smolkowski, K., Fien, H., & Turtura, J.
(2017). Testing the efficacy of a kindergarten mathematics intervention by small group size.
AERA Open, 3(2), 1-16. https://eric.ed.gov/?id=E]J1194151

Clarke, B., Doabler, C. T., Nelson, N. J., & Shanley, C. (2015). Effective instructional strategies for
kindergarten and first-grade students at risk in mathematics. Intervention in School and Clinic, 50(5),
257-265. https://eric.ed.gov/?id=EJ1055946

Clarke, B., Doabler, C. T., Smolkowski, K., Kurtz-Nelson, E., Fien, H., Baker, S. K., & Kosty, D. (2016).
Testing the immediate and long-term efficacy of a tier 2 kindergarten mathematics intervention.
Journal of Research on Educational Effectiveness, 9(4), 607-634. https://eric.ed.gov/?id=ED567814

Clarke, B., Doabler, C. T., Strand Cary, M., Kosty, D., Baker, S., Fien, H., & Smolkowski, K.
(2014). Preliminary evaluation of a tier 2 mathematics intervention for first-grade students:
Using a theory of change to guide formative evaluation activities. School Psychology Review,
43(2), 160-178. https://eric.ed.gov/?id=EJ1142175

Cooper, G., & Sweller, ]J. (1987). Effects of schema acquisition and rule automation on mathematical
problem-solving transfer. Journal of Educational Psychology, 79(4), 347-362.

Darch, C., Carnine, D., & Gersten, R. (1984). Explicit instruction in mathematics problem
solving. Journal of Educational Research, 77(6), 351-359. https://eric.ed.gov/?id=E]J303598

Doabler, C. T., Baker, S. K., Kosty, D. B., Smolkowski, K., Clarke, B., Miller, S. J., & Fien, H. (2015).
Examining the association between explicit mathematics instruction and student mathematics
achievement. The Elementary School Journal, 115(3), 303-333. https://eric.ed.gov/?id=EJ1060204

Doabler, C. T., Clarke, B., Kosty, D. B., Kurtz-Nelson, E., Fien, H., Smolkowski, K., & Baker, S.
K. (2016). Testing the efficacy of a tier 2 mathematics intervention. Exceptional Children,
83(1), 92-110. https://eric.ed.gov/?id=EJ1116305

Dunston, P. J., & Tyminski, A. M. (2013). What’s the big deal about vocabulary? Mathematics Teaching in
the Middle school, 19(1), 38-45. https://eric.ed.gov/?id=EJ1026045

Dyson, N., Jordan, N. C., Beliakoff, A., & Hassinger-Das, B. (2015). A kindergarten number-
sense intervention with contrasting practice conditions for low-achieving children. Journal
for Research in Mathematics Education, 46(3), 331-370. https://eric.ed.gov/?id=EJ1088271

Dyson, N. L., Jordan, N. C., Rodrigues, J., Barbieri, C., & Rinne, L. (2018). A fraction sense
intervention for sixth graders with or at risk for mathematics difficulties. Remedial and
Special Education. Advance online publication. https://eric.ed.gov/?id=ED603994

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | References | 137


https://doi.org/10.1207/s15516709cog2504_1
https://eric.ed.gov/?id=EJ1194151
https://eric.ed.gov/?id=EJ1055946
https://eric.ed.gov/?id=ED567814
https://eric.ed.gov/?id=EJ1142175
https://eric.ed.gov/?id=EJ303598
https://eric.ed.gov/?id=EJ1060204
https://eric.ed.gov/?id=EJ1116305
https://eric.ed.gov/?id=EJ1026045
https://eric.ed.gov/?id=EJ1088271
https://eric.ed.gov/?id=ED603994

References

Fien, H., Doabler, C. T., Nelson, N. J., Kosty, D. B., Clarke, B., & Baker, S. K. (2016). An
examination of the promise of the NumberShire Level 1 gaming intervention for improving
student mathematics outcomes. Journal of Research on Educational Effectiveness, 9(4), 635-
661. https://eric.ed.gov/?id=ED576652

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(3), 493-513. https://eric.ed.gov/?id=E]J734286

Fuchs, L. S., & Fuchs, D. (2001). Principles for the prevention and intervention of mathematics
difficulties. Learning Disabilities Research & Practice, 16(2), 85-95. https://eric.ed.gov/?id=EJ630961

Fuchs, L. S., Fuchs, D., & Compton, D. L. (2013). Intervention effects for students with comorbid forms
of learning disability: Understanding the needs of nonresponders. Journal of Learning Disabilities,
46(6), 534-548. https://eric.ed.gov/?id=EJ1019713

Fuchs, L. S., Fuchs, D., Craddock, C., Hollenbeck, K. N., & Hamlett, C. L. (2008). Effects of
small-group tutoring with and without validated classroom instruction on at-risk students’
math problem solving: Are two tiers of prevention better than one? Journal of Educational
Psychology, 100(3), 491-509. https://eric.ed.gov/?id=EJ807859

Fuchs, L. S., Fuchs, D., Hamlett, C. L., Powell, S. R., Capizzi, A. M., & Seethaler, P. M. (2006).
The effects of computer-assisted instruction on number combination skill in at-risk first
graders. Journal of Learning Disabilities, 39(5), 467-475. https://eric.ed.gov/?id=E]J757979

Fuchs, L. S., Geary, D. C., Compton, D. L., Fuchs, D., Schatschneider, C., Hamlett, C. L.,
DeSelms, J., Seethaler, P. M., Wilson, J., Craddock, C. F., Bryant, J. D., Luther, K., & Changas,
P. (2013). Effects of first-grade number knowledge tutoring with contrasting forms of
practice. Journal of Educational Psychology, 105(1), 58-77. https://eric.ed.gov/?id=EJ1006608

Fuchs, L. S., Malone, A. S., Preacher, K. J., Fuchs, D., Wang, A. Y., & Pachmayr, R. (2019).
Effects of fourth- and fifth-grade Super Solvers intervention on fraction magnitude
understanding and calculation skill: A research report. Vanderbilt University.

Fuchs, L. S., Malone, A. S., Schumacher, R. F., Namkung, J., Hamlett, C. L., Jordan, N.
C., Siegler, R. S., Gersten, R., & Changas, P. (2016). Supported self-explaining during
fraction intervention. Journal of Educational Psychology, 108(4), 493-508. https://eric.
ed.gov/?id=EJ1099301

Fuchs, L. S., Powell, S. R., Hamlett, C. L., Fuchs, D., Cirino, P. T., & Fletcher, J. M. (2008).
Remediating computational deficits at third grade: A randomized field trial. Journal of
Research on Educational Effectiveness, 1(1), 2-32. https://eric.ed.gov/?id=E]J873872

Fuchs, L. S., Powell, S. R., Seethaler, P. M., Cirino, P. T., Fletcher, J. M., Fuchs, D., & Hamlett,
C. L. (2010). The effects of strategic counting instruction, with and without deliberate
practice, on number combination skill among students with mathematics difficulties.
Learning and Individual Differences, 20(2), 89-100. https://eric.ed.gov/?id=E]J872585

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | References | 138


https://eric.ed.gov/?id=ED576652
https://eric.ed.gov/?id=EJ734286
https://eric.ed.gov/?id=EJ630961
https://eric.ed.gov/?id=EJ1019713
https://eric.ed.gov/?id=EJ807859
https://eric.ed.gov/?id=EJ757979
https://eric.ed.gov/?id=EJ1006608
https://eric.ed.gov/?id=EJ873872
https://eric.ed.gov/?id=EJ872585
https://eric.ed.gov/?id=EJ1099301

References

Fuchs, L. S., Powell, S. R., Seethaler, P. M., Cirino, P. T., Fletcher, J. M., Fuchs, D., Hamlett, C.
L., & Zumeta, R. O. (2009). Remediating number combination and word problem deficits
among students with mathematics difficulties: A randomized control trial. Journal of
Educational Psychology, 101(3), 561-576. https://eric.ed.gov/?id=EJ861181

Fuchs, L. S., Schumacher, R. F., Long, J., Namkung, J., Hamlett, C. L., Cirino, P. T.,
Jordan, N. C,, Siegler, R., Gersten, R., & Changas, P. (2013). Improving at-risk learners’
understanding of fractions. Journal of Educational Psychology, 105(3), 683-700. https://eric.
ed.gov/?id=EJ1054396

Fuchs, L. S., Schumacher, R. F., Long, J., Namkung, J., Malone, A. S., Wang, A., Hamlett, C.
L., Jordan, N. C., Siegler, R. S., & Changas, P. (2016). Effects of intervention to improve
at-risk fourth graders’ understanding, calculations, and word problems with fractions. The
Elementary School Journal, 116(4), 625-651. https://eric.ed.gov/?id=EJ1103953

Fuchs, L. S., Schumacher, R. F., Sterba, S. K., Long, J., Namkung, J., Malone, A., Hamlett, C.
L., Jordan, N. C., Gersten, R., Siegler, R. S., & Changas, P. (2014). Does working memory
moderate the effects of fraction intervention? An aptitude-treatment interaction. Journal of
Educational Psychology, 106(2), 499-514. https://eric.ed.gov/?id=EJ1054465

Fuchs, L. S., Seethaler, P. M., Powell, S. R., Fuchs, D., Hamlett, C. L., & Fletcher, J. M. (2008).
Effects of preventative tutoring on the mathematical problem solving of third-grade
students with math and reading difficulties. Exceptional Children, 74(2), 155-173. https://eric.
ed.gov/?id=E]J817525

Fuchs, L. S., Seethaler, P. M., Sterba, S. K., Craddock, C., Fuchs, D., Compton, D. L., Geary, D.
C., & Changas, P. (2019). Schema-based word-problem intervention with and without embedded
language comprehension instruction. Vanderbilt University.

Fuson, K. C. (2009). Avoiding misinterpretations of Piaget and Vygotsky: Mathematical teaching
without learning, learning without teaching, or helpful learning-path teaching? Cognitive
Development, 24(4), 343-361. https://eric.ed.gov/?id=EJ863546

Fyfe, E. R., Rittle-Johnson, B., & DeCaro, M. S. (2012). The effects of feedback during exploratory
mathematics problem solving: Prior knowledge matters. Journal of Educational Psychology, 104(4),
1094-1108. https://eric.ed.gov/?id=EJ994029

Geary, D. C., Boykin, A. W., Embretson, S., Reyna, V., Siegler, R., Berch, D. B., & Graban, ]J. (2008).
Chapter 4: Report of the task group on learning processes. U.S. Department of Education. https://
www2.ed.gov/about/bdscomm/list/mathpanel/reports.html

Geary, D. C., Hoard, M. K., Byrd-Craven, J., Nugent, L., & Numtee, C. (2007). Cognitive mechanisms
underlying achievement deficits in children with mathematical learning disability. Child
Development, 78(4), 1343-1359. https://eric.ed.gov/?id=EJ769869

Geary, D. C., Hoard, M. K., Nugent, L., & Bailey, D. H. (2012). Mathematical cognition deficits in
children with learning disabilities and persistent low achievement: A five-year prospective study.
Journal of Educational Psychology, 104(1), 206-223. https://doi.org/10.1037/a0025398

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | References | 139


https://eric.ed.gov/?id=EJ861181
https://eric.ed.gov/?id=EJ1103953
https://eric.ed.gov/?id=EJ1054465
https://eric.ed.gov/?id=EJ863546
https://eric.ed.gov/?id=EJ994029
https://eric.ed.gov/?id=EJ769869
https://doi.org/10.1037/a0025398
https://eric.ed.gov/?id=EJ1054396
https://eric.ed.gov/?id=EJ817525
https://www2.ed.gov/about/bdscomm/list/mathpanel/reports.html

References

Gersten, R., Beckmann, S., Clarke, B., Foegen, A., Marsh, L., Star, J. R., & Witzel, B. (2009). Assisting
students struggling with mathematics: Response to Intervention (RtI) for elementary and middle schools
(NCEE 2009-4060). National Center for Education Evaluation and Regional Assistance, Institute of
Education Sciences, U.S. Department of Education. https://eric.ed.gov/?id=ED504995

Gersten, R., Rolfhus, E., Clarke, B., Decker, L. E., Wilkins, C., & Dimino, J. (2015). Intervention
for first graders with limited number knowledge: Large-scale replication of a randomized
controlled trial. American Educational Research Journal, 52(3), 516-546. https://eric.
ed.gov/?id=EJ1063565

Goerss, B. L., Beck, I. L., & Mckeown, M. G. (1999). Increasing remedial students’ ability to derive word
meaning from context. Reading Psychology, 20(2), 151-175. https://eric.ed.gov/?id=EJ585426

Hedges, L. V., & Vevea, ]J. L. 1998). Fixed-and random-effects models in meta-analysis. Psychological
Methods, 3(4), 486-504.

Jayanthi, M., Gersten, R., Spallone, S., Dimino, J., Schumacher, R., Smolkowski, K., Karp, K., &
Haymond, K. (2018). Impact of a tier 2 fractions intervention on 5th grade students’ fractions
achievement: A technical report. Instructional Research Group.

Jitendra, A. K., Dupuis, D. N., Rodriguez, M. C., Zaslofsky, A. F., Slater, S., Cozine-Corroy, K., &
Church, C. (2013). A randomized controlled trial of the impact of schema-based instruction
on mathematical outcomes for third-grade students with mathematics difficulties.
Elementary School Journal, 114(2), 252-276. https://eric.ed.gov/?id=EJ1015539

Jitendra, A. K., Griffin, C. C., McGoey, K., Gardill, M. C., Bhat, P., & Riley, T. (1998). Effects
of mathematical word problem solving by students at risk or with mild disabilities. The
Journal of Educational Research, 91(6), 345-355. https://eric.ed.gov/?id=E]J571133

Jitendra, A. K., Nelson, G., Pulles, S. M., Kiss, A. J., & Houseworth, J. (2016). Is mathematical
representation of problems an evidence-based strategy for students with mathematics difficulties?
Exceptional Children, 83(1), 8-25. https://eric.ed.gov/?id=E]J1116300

Jitendra, A. K., Rodriguez, M., Kanive, R., Huang, J.-P., Church, C., Corroy, K. A., & Zaslofsky,
A. (2013). Impact of small-group tutoring interventions on the mathematical problem
solving and achievement of third-grade students with mathematics difficulties. Learning
Disability Quarterly, 36(1), 21-35. https://eric.ed.gov/?id=EJ]995666

Jordan, N. C., Hanich, L. B., & Kaplan, D. (2003). Arithmetic fact mastery in young children: A
longitudinal investigation. Journal of Experimental Child Psychology, 85(2), 103-119. https://eric.
ed.gov/?id=EJ673603

Kanive, R., Nelson, P. M., Burns, M. K., & Ysseldyke, J. (2014). Comparison of the effects of
computer-based practice and conceptual understanding interventions on mathematics fact
retention and generalization. Journal of Educational Research, 107(2), 83-89. https://eric.
ed.gov/?id=EJ1028446

Karp, K. S., Bush, S. B., & Dougherty, B. ]J. (2014). 13 rules that expire. Teaching Children Mathematics,
21(1), 18-25. https://eric.ed.gov/?id=EJ1040283

Karp, K. S., Bush, S. B., & Dougherty, B. ]J. (2019). Avoiding the ineffective keyword strategy. Teaching
Children Mathematics, 25(7), 428-435. https://eric.ed.gov/?id=EJ1217255

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | References | 140


https://eric.ed.gov/?id=ED504995
https://eric.ed.gov/?id=EJ585426
https://eric.ed.gov/?id=EJ1015539
https://eric.ed.gov/?id=EJ571133
https://eric.ed.gov/?id=EJ1116300
https://eric.ed.gov/?id=EJ995666
https://eric.ed.gov/?id=EJ1040283
https://eric.ed.gov/?id=EJ1217255
https://eric.ed.gov/?id=EJ1063565
https://eric.ed.gov/?id=EJ673603
https://eric.ed.gov/?id=EJ1028446

References

Karp, K. S., Dougherty, B., & Bush, S. B. (2020). The math pact, elementary: Achieving instructional
coherence within and across grades. Corwin.

Keijzer, R., & Terwel, J. (2003). Learning for mathematical insight: A longitudinal comparative study on
modelling. Learning and Instruction, 13(3), 285-304. https://eric.ed.gov/?id=E]J672363

Ketterlin-Geller, L. R., Chard, D. ]., & Fien, H. (2008). Making connections in mathematics: Conceptual
mathematics intervention for low-performing students. Remedial and Special Education, 29(1), 33-45.
https://eric.ed.gov/?id=EJ796940

Lannin, J., van Garderen, D., & Kamuru, J. (2020). Building a strong conception of the number
line. Mathematics Teacher: Learning & Teaching PK-12, 113(1), 18-24. https://doi.org/10.5951/
MTLT.2019.0061

Malone, A. S., Fuchs, L. S., Sterba, S. K., Fuchs, D., & Foreman-Murray, L. (2019). Does an
integrated focus on fractions and decimals improve at-risk students’ rational number
magnitude performance? Contemporary Educational Psychology, 59. Advance online
publication. https://eric.ed.gov/?id=ED595127

Monroe, E. E., & Orme, M. P. (2002). Developing mathematical vocabulary. Preventing School Failure:
Alternative Education for Children and Youth, 46(3), 139-142. https://eric.ed.gov/?id=EJ648803

Moreno, R. (2004). Decreasing cognitive load for novice students: Effects of explanatory versus
corrective feedback in discovery-based multimedia. Instructional Science, 32(1-2), 99-113. https://
eric.ed.gov/?id=EJ732333

National Assessment of Educational Progress [NAEP]. (2019). The national report card: 2019 NAEP
mathematics assessment. https://www.nationsreportcard.gov/highlights/mathematics/2019/

National Council of Teachers of Mathematics (NCTM). (2006). Curriculum focal points
for prekindergarten through grade 8 mathematics: A quest for coherence. https://eric.
ed.gov/?id=ED495271

National Governors Association Center for Best Practices (NGA Center), & Council of Chief State
School Officers (CCSSO). (2010). Common Core State Standards for Mathematics. http://www.
corestandards.org/Math

Pierce, M. E., & Fontaine, L. M. (2009). Designing vocabulary instruction in mathematics. The Reading
Teacher, 63(3), 239-243. https://eric.ed.gov/?id=E]J862139

Powell, S. R., & Driver, M. K. (2015). The influence of mathematics vocabulary instruction
embedded within addition tutoring for first-grade students with mathematics difficulty.
Learning Disability Quarterly, 38(4), 221-233. https://eric.ed.gov/?id=EJ1075501

Powell, S. R., Driver, M. K., & Julian, T. E. (2015). The effect of tutoring with nonstandard
equations for students with mathematics difficulty. Journal of Learning Disabilities, 48(5),
523-534. https://eric.ed.gov/?id=EJ1070884

Powell, S. R., Fuchs, L. S., Cirino, P. T., Fuchs, D., Compton, D. L., & Changas, P. C. (2015).
Effects of a multitier support system on calculation, word problem, and prealgebraic
performance among at-risk learners. Exceptional Children, 81(4), 443-470. https://eric.
ed.gov/?id=EJ1065063

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | References | 141


https://eric.ed.gov/?id=EJ672363
https://eric.ed.gov/?id=EJ796940
https://eric.ed.gov/?id=ED595127
https://eric.ed.gov/?id=EJ648803
https://www.nationsreportcard.gov/highlights/mathematics/2019
https://eric.ed.gov/?id=EJ862139
https://eric.ed.gov/?id=EJ1075501
https://eric.ed.gov/?id=EJ1070884
https://doi.org/10.5951/MTLT.2019.0061
https://eric.ed.gov/?id=EJ732333
https://eric.ed.gov/?id=ED495271
http://www.corestandards.org/Math
https://eric.ed.gov/?id=EJ1065063

References

Powell, S. R., Fuchs, L. S., Fuchs, D., Cirino, P. T., & Fletcher, J. M. (2009). Effects of fact
retrieval tutoring on third-grade students with math difficulties with and without
reading difficulties. Learning Disabilities Research & Practice, 24(1), 1-11. https://eric.
ed.gov/?id=EJ827128

Quilici, J. L., & Mayer, R. E. (1996). Role of examples in how students learn to categorize statistics
word problems. Journal of Educational Psychology, 88(1), 144-161. https://doi.org/10.1037/0022-
0663.88.1.144

Rittle-Johnson, B., Siegler, R. S., & Alibali, M. W. (2001). Developing conceptual understanding and
procedural skill in mathematics: An iterative process. Journal of Educational Psychology, 93(2),
346-362. https://eric.ed.gov/?id=EJ638748

Roberts, N. S., & Truxaw, M. P. (2013). For ELLs: Vocabulary beyond the definitions. The Mathematics
Teacher, 107(1), 28-34. https://eric.ed.gov/?id=EJ1033139

Sawyer, R. K. (Ed.). (2006). The Cambridge handbook of the learning sciences. Cambridge University Press.

Schneider, M., Grabner, R. H., & Paetsch, J. (2009). Mental number line, number line estimation, and
mathematical achievement: their interrelations in grades 5 and 6. Journal of Educational Psychology,
101(2), 359-372. https://eric.ed.gov/?id=EJ835033

Schumacher, R. F., Jayanthi, M., Gersten, R., Dimino, J., Spallone, S., & Haymond, K. S. (2018). Using
the number line to promote understanding of fractions for struggling fifth graders: A formative pilot
study. Learning Disabilities Research & Practice, 33(4), 192-206. https://eric.ed.gov/?id=EJ1196106

Siegler, R. S., Thompson, C. A., & Schneider, M. (2011). An integrated theory of whole number and
fractions development. Cognitive Psychology, 62(4), 273-296. https://eric.ed.gov/?id=EJ925604

Smith, T. M., Cobb, P., Farran, D. C., Cordray, D. S., & Munter, C. (2013). Evaluating math
recovery: Assessing the causal impact of a diagnostic tutoring program on student
achievement. American Educational Research Journal, 50(2), 397-428. https://eric.
ed.gov/?id=EJ1005742

Steedly, K., Dragoo, K., Arafeh, S., & Luke, S. D. (2008). Effective mathematics instruction. Evidence for
Education, 3(1), 2-11. National Dissemination Center for Children with Disabilities. https://files.eric.
ed.gov/fulltext/ED572704.pdf

Swanson, H. L. (2014). Does cognitive strategy training on word problems compensate
for working memory capacity in children with math difficulties? Journal of Educational
Psychology, 106(3), 831-848. https://eric.ed.gov/?id=EJ1054473

Swanson, H. L., Lussier, C., & Orosco, M. (2013). Effects of cognitive strategy interventions
and cognitive moderators on word problem solving in children at risk for problem
solving difficulties. Learning Disabilities Research & Practice, 28(4), 170-183. https://eric.
ed.gov/?id=EJ1026699

Swanson, H. L., Moran, A. S., Bocian, K., Lussier, C., & Zheng, X. (2013). Generative strategies,
working memory, and word problem solving accuracy in children at risk for math
disabilities. Learning Disability Quarterly, 36(4), 203-214. https://eric.ed.gov/?id=EJ1019728

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | References | 142


https://eric.ed.gov/?id=EJ638748
https://eric.ed.gov/?id=EJ1033139
https://eric.ed.gov/?id=EJ835033
https://eric.ed.gov/?id=EJ1196106
https://eric.ed.gov/?id=EJ925604
https://eric.ed.gov/?id=EJ1005742
https://eric.ed.gov/?id=EJ1005742
https://files.eric.ed.gov/fulltext/ED572704.pdf
https://files.eric.ed.gov/fulltext/ED572704.pdf
https://eric.ed.gov/?id=EJ1054473
https://eric.ed.gov/?id=EJ1019728
https://eric.ed.gov/?id=EJ827128
https://doi.org/10.1037/0022-0663.88.1.144
https://eric.ed.gov/?id=EJ1026699

References

Swanson, H. L., Moran, A., Lussier, C., & Fung, W. (2014). The effect of explicit and direct
generative strategy training and working memory on word problem-solving accuracy in
children at risk for math difficulties. Learning Disability Quarterly, 37(2), 111-122. https://eric.
ed.gov/?id=EJ1022817

Swanson, H. L., Orosco, M. J., & Lussier, C. M. (2014). The effects of mathematics strategy
instruction for children with serious problem-solving difficulties. Exceptional Children,
80(2), 149-168. https://eric.ed.gov/?id=EJ1048482

Terrill, M. C., Scruggs, T. E., & Mastropieri, M. A. (2004). SAT vocabulary instruction for high school
students with learning disabilities. Intervention in School and Clinic, 39(5), 288-294. https://eric.
ed.gov/?id=EJ693676

Tournaki, N. (2003). The differential effects of teaching addition through strategy instruction
versus drill and practice to students with and without learning disabilities. Journal of
Learning Disabilities, 36(5), 449-458. https://eric.ed.gov/?id=E]J676182

Wang, A. Y., Fuchs, L. S., Preacher, K. J., Fuchs, D., Malone, A. S., & Pachmayr, R. (2019).
Effects of Super Solvers fractions intervention for at-risk third graders: A research report.
Vanderbilt University.

Watt, S. J., & Therrien, W. J. (2016). Examining a preteaching framework to improve fraction
computation outcomes among struggling learners. Preventing School Failure, 60(4), 311-319.
https://eric.ed.gov/?id=EJ1110067

Wilson, C. L., & Sindelar, P. T. (1991). Direct instruction in math word problems: Students with learning
disabilities. Exceptional Children, 57(6), 512-519. https://eric.ed.gov/?id=EJ428599

Witzel, B. S. (2005). Using CRA to teach algebra to students with math difficulties in inclusive settings.
Learning Disabilities: A Contemporary Journal, 3(2), 49-60. https://eric.ed.gov/?id=EJ797683

Witzel, B. S., Mercer, C. D., & Miller, M. D. (2003). Teaching algebra to students with learning
difficulties: An investigation of an explicit instruction model. Learning Disabilities Research &
Practice, 18(2), 121-131. https://eric.ed.gov/?id=EJ669603

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | References | 143


https://eric.ed.gov/?id=EJ1048482
https://eric.ed.gov/?id=EJ676182
https://eric.ed.gov/?id=EJ1110067
https://eric.ed.gov/?id=EJ428599
https://eric.ed.gov/?id=EJ797683
https://eric.ed.gov/?id=EJ669603
https://eric.ed.gov/?id=EJ1022817
https://eric.ed.gov/?id=EJ693676

! NAEP, 2019.

2 The latest amendment and reauthorization of the ESEA is referred to as the Every Student Succeeds
Act (ESSA).

3 Gersten, Beckmann, et al., 20009.

4 Berkeley et al., 2020.

5 Gersten, Beckmann, et al., 2009.

6 Clarke et al., 2015; Steedly et al., 2008.

7 Steedly et al., 2008.

8 Steedly et al., 2008.

9 Fien et al., 2016.

10 Barbieri et al., 2019; Steedly et al., 2008.

11 Barbieri et al., 2019; Bryant et al., 2011; Bryant et al., 2016; Clarke et al., 2014; Clarke et al.,
2017; Darch et al., 1984; Doabler et al., 2016; Dyson et al., 2015; Dyson et al., 2018; Fien et
al., 2016; Fuchs et al., 2005; Fuchs et al., 2006; Fuchs et al., 2009; Fuchs et al., 2010; Fuchs
et al., 2014; Fuchs, Fuchs, et al., 2008; Fuchs, Geary, et al., 2013; Fuchs, Malone, et al., 2016;
Fuchs, Malone, et al., 2019; Fuchs, Powell, et al., 2008; Fuchs, Schumacher, et al., 2013;
Fuchs, Schumacher, et al., 2016; Fuchs, Seethaler, et al., 2008; Fuchs, Seethaler, et al., 2019;
Gersten et al., 2015; Jayanthi et al., 2018; Jitendra et al., 1998; Jitendra, Dupuis, et al., 2013;
Jitendra, Rodriguez, et al., 2013; Kanive et al., 2014; Malone et al., 2019; Powell et al., 2009;
Powell & Driver, 2015; Powell, Driver, et al., 2015; Powell, Fuchs, et al., 2015; Swanson, 2014;
Swanson, Lussier, et al., 2013; Swanson, Moran, et al., 2013; Swanson, Moran, et al., 2014;
Swanson, Orosco, et al., 2014; Tournaki, 2003; Wang et al., 2019; Watt & Therrien, 2016.

2 Bryant et al., 2011; Clarke et al., 2014; Clarke et al., 2017; Darch et al., 1984; Dyson et al., 2015;
Dyson et al., 2018; Fien et al., 2016; Fuchs et al., 2005; Fuchs et al., 2006; Fuchs et al., 2009;
Fuchs et al., 2010; Fuchs et al., 2014; Fuchs, Fuchs, et al., 2008; Fuchs, Geary, et al., 2013;
Fuchs, Malone, et al., 2019; Fuchs, Schumacher, et al., 2013; Fuchs, Schumacher, et al., 2016;
Fuchs, Seethaler, et al., 2019; Jayanthi et al., 2018; Jitendra et al., 1998; Jitendra, Dupuis, et
al., 2013; Jitendra, Rodriguez, et al., 2013; Kanive et al., 2014; Malone et al., 2019; Powell
et al., 2009; Powell & Driver, 2015; Powell, Driver, et al., 2015; Swanson, 2014; Swanson,
Lussier, et al., 2013; Swanson, Moran, et al., 2013; Tournaki, 2003; Wang et al., 2019.

3 Barbieri et al., 2019; Bryant et al., 2016; Doabler et al., 2016; Fuchs, Malone, et al., 2019;
Fuchs, Powell, et al., 2008; Fuchs, Seethaler, et al., 2008; Gersten et al., 2015; Powell,
Fuchs, et al., 2015; Swanson, Moran, et al., 2014; Swanson, Orosco, et al., 2014; Watt &
Therrien, 2016.

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Notes | 144



Notes

14 (Clarke et al., 2015; Fuchs, Malone, et al., 2019; Sawyer, 2006; Steedly et al., 2008.
15 Schumacher et al., 2018.
16 Fuchs, Malone, et al., 2019; Watt & Therrien, 2016.

7 Barbieri et al., 2019; Clarke, Doabler, Smolkowski, Kurtz-Nelson, et al., 2016; Darch et al., 1984;
Dyson et al., 2015; Fuchs, Seethaler, et al., 2019.

18 Doabler et al., 2015; Fuchs, Seethaler, et al., 2019; Gersten, Beckmann, et al., 2009; Jayanthi et
al., 2018; Steedly et al., 2008.

19 Clarke et al., 2015.
20 Clarke et al., 2015; Fyfe et al., 2012; Gersten et al., 2015; Moreno, 2004.
2t Fuchs, Malone, et al., 2019; Watt & Therrien, 2016.

2 Bay-Williams & Livers, 2009; Capraro & Joffrion, 2006; Dunston & Tyminski, 2013; Monroe & Orme,
2002; Powell & Driver, 2015.

2 Bay-Williams & Livers, 2009; Capraro & Joffrion, 2006; Monroe & Orme, 2002; Powell &
Driver, 2015.

2 Bay-Williams & Livers, 2009; Capraro & Joffrion, 2006; Dunston & Tyminski, 2013; Monroe & Orme,
2002; Powell & Driver, 2015.

%5 Bay-Williams & Livers, 2009; Capraro & Joffrion, 2006; Monroe & Orme, 2002; Powell &
Driver, 2015.

26 Bay-Williams & Livers, 2009; Capraro & Joffrion, 2006; Powell & Driver, 2015.

27 Bay-Williams & Livers, 2009; Monroe & Orme, 2002; Pierce & Fontaine, 2009; Powell &
Driver, 2015.

2 Clarke et al., 2017; Dunston & Tyminski, 2013; Fuchs & Fuchs, 2001; Monroe & Orme, 2002.
® Dunston & Tyminski, 2013; Fuchs & Fuchs, 2001.

30 NCTM, 2000; National Governors Association Center for Best Practices & Council of Chief State
School Officers, 2010.

31 Baroody et al., 2009; Dunston & Tyminski, 2013; Powell & Driver, 2015.

32 Bryant et al., 2016; Clarke et al., 2017; Doabler et al., 2016; Dyson et al., 2015; Fuchs et
al., 2009; Fuchs et al., 2014; Fuchs, Geary, et al., 2013; Fuchs, Malone, et al., 2019; Fuchs,
Malone, et al., 2016; Fuchs, Schumacher, et al., 2013; Fuchs, Schumacher, et al., 2016; Fuchs,
Seethaler, et al., 2019; Jayanthi et al., 2018; Malone et al., 2019; Powell & Driver, 2015; Smith
et al., 2013.

3 Clarke et al., 2017; Dyson et al., 2015; Fuchs et al., 2009; Fuchs et al., 2014; Fuchs, Geary, et
al., 2013; Fuchs, Malone, et al., 2016; Fuchs, Schumacher, et al., 2013; Fuchs, Schumacher,
et al., 2016; Fuchs, Seethaler, et al., 2019; Jayanthi et al., 2018; Malone et al., 2019; Powell &
Driver, 2015.

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Notes | 145



Notes

34 Bryant et al., 2016; Doabler et al., 2016; Fuchs, Malone, et al., 2019; Smith et al., 2013.
35 Bryant et al., 2003.

36 Bay-Williams & Livers, 2009; Bryant et al., 2003; Powell & Driver, 2015.

37 Bay-Williams & Livers, 2009.

38 Beck et al., 2002; Pierce & Fontaine, 2009; Powell & Driver, 2015.

39 Dunston & Tyminski, 2013; Roberts & Truxaw, 2013.

40 Bay-Williams & Livers, 2009; Bryant et al., 2003; Dunston & Tyminski, 2013; Monroe & Orme, 2002;
Pierce & Fontaine, 2009; Powell & Driver, 2015.

41 Bay-Williams & Livers, 2009; Monroe & Orme, 2002.
42 Bush et al., 2020; Karp et al., 2020.

43 Bush et al., 2020; Karp et al., 2020.

44 Adapted from Karp et al., 2014.

45 Bay-Williams & Livers, 2009; Bryant et al., 2003; Carlisle et al., 2013; Dunston & Tyminski, 2013;
Goerss et al., 1999; Powell & Driver, 2015; Terrill et al., 2004.

46 Bay-Williams & Livers, 2009; Bryant et al., 2003; Dunston & Tyminski, 2013; Fuchs et al., 2019;
Powell & Driver, 2015.

47 Bay-Williams & Livers, 2009; Dunston & Tyminski, 2013; Pierce & Fontaine, 2009; Roberts &
Truxaw, 2013.

48 Bay-Williams & Livers, 2009; Clarke et al., 2017; Fuchs, Malone, et al., 2019.
49 Bay-Williams & Livers, 2009; Fuchs, Malone, et al., 2019.

50 Fuchs, Seethaler, et al., 2019.

51 Roberts & Truxaw, 2013.

52 Bush et al., 2020; Karp et al., 2020.

53 Baroody et al., 2009; Powell & Driver, 2015.

54 Bryant et al., 2011; Fuchs, Fuchs, et al., 2008; Jitendra et al., 2016.

55 Barbieri et al., 2019; Bryant et al., 2011; Bryant et al., 2016; Clarke et al., 2014; Clarke et al.,
2017; Doabler et al., 2016; Dyson et al., 2015; Dyson et al., 2018; Fien et al., 2016; Fuchs et
al., 2005; Fuchs et al., 2014; Fuchs, Geary, et al., 2013; Fuchs, Malone, et al., 2019; Fuchs,
Malone, et al., 2016; Fuchs, Powell, et al., 2008; Fuchs, Schumacher, et al., 2013; Fuchs,
Schumacher, et al., 2016; Fuchs, Seethaler, et al., 2019; Gersten et al., 2015; Jayanthi et al.,
2018; Kanive et al., 2014; Malone et al., 2019; Powell & Driver, 2015; Powell, Driver, et al.,
2015; Powell, Fuchs, et al., 2015; Smith et al., 2013; Wang et al., 2019; Watt & Therrien, 2016.

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Notes | 146



Notes

56 Bryant et al., 2011; Clarke et al., 2014; Clarke et al., 2017; Dyson et al., 2015; Dyson et al.,
2018; Fien et al., 2016; Fuchs et al., 2005; Fuchs et al., 2014; Fuchs, Geary, et al., 2013;
Fuchs, Malone, et al., 2016; Fuchs, Schumacher, et al., 2013; Fuchs, Schumacher, et al., 2016;
Fuchs, Seethaler, et al., 2019; Jayanthi et al., 2018; Kanive et al., 2014; Malone et al., 2019;
Powell & Driver, 2015; Powell, Driver, et al., 2015; Wang et al., 2019.

57 Barbieri et al., 2019; Bryant et al., 2016; Doabler et al., 2016; Fuchs, Malone, et al., 2019;
Fuchs, Powell, et al., 2008; Gersten et al., 2015; Powell, Fuchs, et al., 2015; Smith et al.,
2013; Watt & Therrien, 2016.

58 Jitendra et al., 2016; Witzel, 2005.

59 Witzel, 2005.

60 Jitendra et al., 2016.

61 Jitendra et al., 2016; Witzel, 2005.

62 Jitendra et al., 2016; Witzel, 2005; Witzel et al., 2003.
63 Dyson et al., 2015; Fuchs, Malone, et al., 2019.

64 Chi et al., 2001.

65 Witzel, 2005; Witzel et al., 2003.

66 Witzel et al., 2003.

67 Jitendra et al., 2016.

68 Jitendra et al., 2016.

69 Watt & Therrien, 2016.

70 Jitendra et al., 2016.

" Bush et al., 2020; Karp et al., 2020.

2 Bush et al., 2020; Karp et al., 2020.

3 Fuchs, Schumacher, et al., 2016; Geary et al., 2008; Lannin et al., 2020; Rittle-Johnson et al., 2001.
™ Barbieri et al., 2019; Jayanthi et al., 2018.

5 Dyson et al., 2018; Geary et al., 2008; Lannin et al., 2020; National Governors Association
Center for Best Practices & Council of Chief State School Officers, 2010.

76 National Governors Association Center for Best Practices & Council of Chief State School Officers,
2010 (Standard: 3.MD.a.1).

77 National Governors Association Center for Best Practices & Council of Chief State School Officers,
2010 (Standard: 5.G.a.l).

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Notes | 147



Notes

78 National Governors Association Center for Best Practices & Council of Chief State School Officers,
2010 (Standards: 2.MD.d.9; 3.MD.b.4; 4.MD.b.4; 5.MD.b.2).

7 National Governors Association Center for Best Practices & Council of Chief State School Officers,
2010 (Standard: 4.MD.a.2).

80 National Governors Association Center for Best Practices & Council of Chief State School Officers,
2010 (Standard: 5.G.a.1)

81 Dyson et al., 2018; Lannin et al., 2020.

82 Geary et al., 2008; Keijzer & Terwel, 2003; Lannin et al., 2020; Schneider et al., 2009; Siegler et
al., 2011.

83 Geary et al., 2008; Lannin et al., 2020.

84 Barbieri et al., 2019; Dyson et al., 2018; Fuchs et al., 2014; Fuchs, Geary, et al., 2013; Fuchs,
Malone, et al., 2019; Fuchs, Malone, et al., 2016; Fuchs, Schumacher, et al., 2013; Fuchs,
Schumacher, et al., 2016; Fuchs, Seethaler, et al., 2019; Gersten et al., 2015; Jayanthi et al.,
2018; Malone et al., 2019; Powell et al., 2009; Wang et al., 2019.

8 Dyson et al., 2018; Fuchs et al., 2014; Fuchs, Geary, et al., 2013; Fuchs, Malone, et al., 2016;
Fuchs, Schumacher, et al., 2013; Fuchs, Schumacher, et al., 2016; Fuchs, Seethaler, et al.,
2019; Jayanthi et al., 2018; Malone et al., 2019; Powell et al., 2009; Wang et al., 2019.

86 Barbieri et al., 2019; Fuchs, Malone, et al., 2019; Gersten et al., 2015.
87 Fuson, 20009.

88 Lannin et al., 2020.

89 Barbieri et al., 2019.

90 Barbieri et al., 2019; Dyson et al., 2018.

91 Geary et al., 2008.

92 Barbieri et al., 2019.

93 Lannin et al., 2020.

94 Geary et al., 2008; Lannin et al., 2020; Rittle-Johnson et al., 2001.
9 Geary et al., 2008.

96 Geary et al., 2008.

97 Geary et al., 2008.

98 Geary et al., 2008.

9 Geary et al., 2008.

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Notes | 148



Notes

100 T annin et al., 2020.

101 Fuchs, Seethaler, et al., 2019; Jitendra, Dupuis, et al., 2013; Powell, Fuchs, et al., 2015.
102 Batty et al., 2010.

103 Jitendra, Dupuis, et al., 2013.

104 powell, Fuchs, et al., 2015.

105 Fuchs et al., 2009.

106 Fuchs, Seethaler, et al., 2008; Jitendra et al., 1998; Jitendra, Dupuis, et al., 2013; Swanson,
Orosco, et al., 2014.

107 Darch et al., 1984; Fuchs, et al., 2009; Fuchs et al., 2010; Fuchs, Fuchs, et al., 2008;
Fuchs, Malone, et al., 2016; Fuchs, Schumacher, et al., 2016; Fuchs, Seethaler, et al., 2008;
Fuchs, Seethaler, et al., 2019; Jitendra et al., 1998; Jitendra, Dupuis, et al., 2013; Jitendra,
Rodriguez, et al., 2013; Swanson, 2014; Swanson, Lussier, et al., 2013; Swanson, Moran, et
al., 2013; Swanson, Moran, et al., 2014; Swanson, Orosco, et al., 2014; Wang et al., 2019;
Malone et al., 2019.

108 Darch et al., 1984; Fuchs et al., 2009; Fuchs et al., 2010; Fuchs, Fuchs, et al., 2008; Fuchs,
Malone, et al., 2016; Fuchs, Schumacher, et al., 2016; Fuchs, Seethaler, et al., 2019; Jitendra
et al., 1998; Jitendra, Dupuis, et al., 2013; Jitendra, Rodriguez, et al., 2013; Malone et al.,
2019; Swanson, 2014; Swanson, Lussier, et al., 2013; Swanson, Moran, et al., 2013; Wang et
al., 2019.

109 Fuchs, Seethaler, et al., 2008; Swanson, Moran, et al., 2014; Swanson, Orosco, et al., 2014.

110 Fuchs, Schumacher, et al., 2016; Fuchs, Seethaler, et al., 2019; Jitendra, Rodriguez, et al.,
2013; Wang et al., 2019.

ut Fuchs et al., 2009.
112 Fuchs, Seethaler, et al., 2019.
13 Fuchs, Fuchs, et al., 2008; Fuchs, Schumacher, et al., 2016; Malone et al., 2019.

114 Fuchs et al., 2010; Fuchs, Schumacher, et al., 2016; Jitendra, Dupuis, et al., 2013; Jitendra,
Rodriguez, et al., 2013.

115 Fuchs, Seethaler, et al., 2019; Jitendra, Dupuis, et al., 2013; Jitendra, Rodriguez, et al., 2013;
Swanson, 2014; Wang et al., 2019.

116 Fuchs et al., 2009; Fuchs et al., 2010; Jitendra, Rodriguez, et al., 2013.
u7 Fuchs et al., 2009; Fuchs et al., 2010; Fuchs, Fuchs, et al., 2008.

18 Cooper & Sweller, 1987; Fuchs, Fuchs, et al., 2008.

19 Fuchs, Seethaler, et al., 2019; Swanson, Orosco, et al., 2014.

120 Fuchs, Schumacher, et al., 2016; Fuchs, Seethaler, et al., 2019; Jitendra, Rodriguez, et al., 2013.

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Notes | 149



Notes

12t Fuchs et al., 2010; Fuchs, Seethaler, et al., 2019; Wang et al., 2019.

122 Gersten, Chard, et al., 2009; Kroesbergen et al., 2004.

123 Karp et al., 2019.

24 Jitendra, Dupuis, et al., 2013; Jitendra, Rodriguez, et al., 2013.

25 Fuchs, Fuchs, et al., 2008; Fuchs, Schumacher, et al., 2016.

126 Baroody et al., 2009; Geary et al., 2007; Geary et al., 2012; Jordan et al., 2003.
127 Baroody et al., 2009.

128 Baroody et al., 2009; Dyson et al., 2015; Fuchs et al., 2010; Kanive et al., 2014; Ketterlin-Geller
et al., 2008.

129 Baroody et al., 2009; Fuchs, Geary, et al., 2013; Fuchs, Powell, et al., 2008.
130 Baroody et al., 2009; Fuchs et al., 2009; Fuchs et al., 2010.

131 Barbieri et al., 2019; Bryant et al., 2011; Dyson et al., 2015; Dyson et al., 2018; Fien et al.,
2016; Fuchs et al., 2005; Fuchs et al., 2006; Fuchs et al., 2009; Fuchs et al., 2010; Fuchs
et al., 2014; Fuchs, Geary, et al., 2013; Fuchs, Malone, et al., 2019; Fuchs, Malone, et al.,
2016; Fuchs, Powell, et al., 2008; Fuchs, Schumacher, et al., 2013; Fuchs, Schumacher, et
al., 2016; Fuchs, Seethaler, et al., 2008; Fuchs, Seethaler, et al., 2019; Gersten et al., 2015;
Kanive et al., 2014; Malone et al., 2019; Powell et al., 2009; Powell & Driver, 2015; Powell,
Driver, et al., 2015; Powell, Fuchs, et al., 2015; Tournaki, 2003; Wang et al., 2019.

132 Bryant et al., 2011; Dyson et al., 2015; Dyson et al., 2018; Fien et al., 2016; Fuchs et al.,
2005; Fuchs et al., 2006; Fuchs et al., 2009; Fuchs et al., 2010; Fuchs et al., 2014; Fuchs,
Geary, et al., 2013; Fuchs, Malone, et al., 2016; Fuchs, Schumacher, et al., 2013; Fuchs,
Schumacher, et al., 2016; Fuchs, Seethaler, et al., 2019; Kanive et al., 2014; Malone et al.,
2019; Powell et al., 2009; Powell & Driver, 2015; Powell, Driver, et al., 2015; Tournaki,
2003; Wang et al., 2019.

133 Barbieri et al., 2019; Fuchs, Malone, et al., 2019; Fuchs, Powell, et al., 2008; Fuchs,
Seethaler, et al., 2008; Gersten et al., 2015; Powell, Fuchs, et al., 2015.

134 Dyson et al., 2015; Fuchs, Geary, et al., 2013.

35 pPowell et al., 2009.

136 Dyson et al., 2015.

37 Dyson et al., 2015; Fuchs et al., 2009; Fuchs et al., 2010.
138 Dyson et al., 2015; Fuchs et al., 2009; Fuchs et al., 2010.
139 Baroody et al., 2009.

140 Fyuchs et al., 2014; Fuchs, Fuchs, et al., 2013.

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Notes | 150



141

142

143

144

145

146

147

148

149

Notes

Study reviews occurred using the WWC Version 4.0 Standards Handbook, available at https://ies.
ed.gov/ncee/wwc/Handbooks, and the version 4.0 practice guide review protocol available at
https://ies.ed.gov/ncee/wwc/Document/275.

Following WWC guidelines, improved outcomes are indicated by a positive, statistically significant
effect from a meta-analytic effect size calculated separately for each relevant outcome domain. For
information on how the WWC calculates these effect sizes, see the WWC Version 4.1 Procedures
Handbook at https://ies.ed.gov/ncee/wwc/Handbooks.

For more information, see the WWC Frequently Asked Questions page at https://ies.ed.gov/ncee/
wwc/FAQ.

See Table IV.4 from the WWC Version 4.1 Procedures Handbook.

Three studies (Baroody et al., 2012; Beirne-Smith, 1991; Wilson & Sindelar, 1991) that meet
standards were not used to provide evidence as the topic or the experimental contrast was not
aligned with the framing of the recommendations or as the main outcome measure did not meet
WWC standards.

Hedges & Vevea, 1998.

If multiple contrasts from a study are entered into a meta-analysis, participants from experimental
conditions that are common across contrasts will be counted twice, resulting in effect sizes that
are statistically dependent. This dependence in a meta-analysis can create a serious threat to the
validity of the results.

Barbieri et al., 2019; Bryant et al., 2011; Bryant et al., 2016; Clarke et al., 2014; Clarke et
al., 2017; Darch et al., 1984; Doabler et al., 2016; Dyson et al., 2015; Dyson et al., 2018; Fien
et al., 2016; Fuchs et al., 2005; Fuchs et al., 2006; Fuchs et al., 2009; Fuchs et al., 2010;
Fuchs et al., 2014; Fuchs, Fuchs, et al., 2008; Fuchs, Geary, et al., 2013; Fuchs, Malone, et
al., 2019; Fuchs, Malone, et al., 2016; Fuchs, Powell, et al., 2008; Fuchs, Schumacher, et
al., 2013; Fuchs, Schumacher, et al., 2016; Fuchs, Seethaler, et al., 2008; Fuchs, Seethaler,
et al., 2019; Gersten et al., 2015; Jayanthi et al., 2018; Jitendra et al., 1998; Jitendra, Dupuis,
et al., 2013; Jitendra, Rodriguez, et al., 2013; Kanive et al., 2014; Malone et al., 2019; Powell
et al., 2009; Powell & Driver, 2015; Powell, Driver, et al., 2015; Powell, Fuchs, et al., 2015;
Swanson, 2014; Swanson, Lussier, et al., 2013; Swanson, Moran, et al., 2013; Swanson,
Moran, et al., 2014; Swanson, Orosco, et al., 2014; Tournaki, 2003; Wang et al., 2019; Watt
& Therrien, 2016.

Bryant et al., 2011; Clarke et al., 2014; Clarke et al., 2017; Darch et al., 1984; Dyson et al.,
2015; Dyson et al., 2018; Fien et al., 2016; Fuchs et al., 2005; Fuchs et al., 2006; Fuchs

et al., 2009; Fuchs et al., 2010; Fuchs et al., 2014; Fuchs, Fuchs, et al., 2008; Fuchs,
Geary, et al., 2013; Fuchs, Malone, et al., 2016; Fuchs, Schumacher, et al., 2013; Fuchs,
Schumacher, et al., 2016; Fuchs, Seethaler, et al., 2019; Jayanthi et al., 2018; Jitendra et al.,
1998; Jitendra, Dupuis, et al., 2013; Jitendra, Rodriguez, et al., 2013; Kanive et al., 2014;
Malone et al., 2019; Powell et al., 2009; Powell & Driver, 2015; Powell, Driver, et al., 2015;
Swanson, 2014; Swanson, Lussier, et al., 2013; Swanson, Moran, et al., 2013; Tournaki,
2003; Wang et al., 2019.

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Notes | 151


https://ies.ed.gov/ncee/wwc/Handbooks
https://ies.ed.gov/ncee/wwc/Handbooks
https://ies.ed.gov/ncee/wwc/Document/275
https://ies.ed.gov/ncee/wwc/Handbooks
https://ies.ed.gov/ncee/wwc/FAQ
https://ies.ed.gov/ncee/wwc/FAQ

Notes

150 Barbieri et al., 2019; Bryant et al., 2016; Doabler et al., 2016; Fuchs, Malone, et al., 2019;
Fuchs, Powell, et al., 2008; Fuchs, Seethaler, et al., 2008; Gersten et al., 2015; Powell,
Fuchs, et al., 2015; Swanson, Moran, et al., 2014; Swanson, Orosco, et al., 2014; Watt &
Therrien, 2016.

151 Five studies (Fuchs, Fuchs, et al., 2008; Fuchs, Seethaler, et al., 2008; Jayanthi et al., 2018;
Swanson, Lussier, et al., 2013; Swanson, Orosco, et al., 2014) did not report the number of
schools in the sample; therefore, the total number of schools comes from the 38 studies that report
the number of schools.

152 Bryant et al., 2011; Bryant et al., 2016; Clarke et al., 2014; Clarke et al., 2017; Fuchs, Powell,
et al., 2008; Fuchs, Seethaler, et al., 2008; Doabler et al., 2016; Dyson et al., 2015; Fien et
al., 2016; Fuchs et al., 2005; Fuchs et al., 2006; Fuchs et al., 2009; Fuchs et al., 2010; Fuchs
et al., 2014; Fuchs, Fuchs, et al., 2008; Fuchs, Geary, et al., 2013; Fuchs, Malone, et al.,
2019; Fuchs, Malone, et al., 2016; Fuchs, Schumacher, et al., 2013; Fuchs, Schumacher, et
al., 2016; Fuchs, Seethaler, et al., 2019; Gersten et al., 2015; Jayanthi et al., 2018; Jitendra,
Dupuis, et al., 2013; Jitendra, Rodriguez, et al., 2013; Malone et al., 2019; Powell & Driver,
2015; Powell et al., 2009; Powell, Fuchs, et al., 2015; Swanson, 2014; Swanson, Lussier, et
al., 2013; Swanson, Moran, et al., 2013; Swanson, Moran, et al., 2014; Swanson, Orosco, et
al., 2014; Wang et al., 2019.

153 Bryant et al., 2011; Bryant et al., 2016; Clarke et al., 2014; Clarke et al., 2017; Darch et al.,
1984; Doabler et al., 2016; Dyson et al., 2015; Fien et al., 2016; Fuchs et al., 2005; Fuchs et
al., 2006; Fuchs et al., 2009; Fuchs et al., 2010; Fuchs, Fuchs, et al., 2008; Fuchs, Geary,
et al., 2013; Fuchs, Powell, et al., 2008; Fuchs, Seethaler, et al., 2008; Fuchs, Seethaler, et
al., 2019; Gersten et al., 2015; Jitendra et al., 1998; Jitendra, Dupuis, et al., 2013; Jitendra,
Rodriguez, et al., 2013; Kanive et al., 2014; Powell et al., 2009; Powell & Driver, 2015;
Powell, Driver, et al., 2015; Powell, Fuchs, et al., 2015; Swanson, 2014; Swanson, Lussier, et
al., 2013; Swanson, Moran, et al., 2013; Swanson, Moran, et al., 2014; Swanson, Orosco, et
al., 2014; Tournaki, 2003.

154 Barbieri et al., 2019; Dyson et al., 2018; Fuchs et al., 2014; Fuchs, Malone, et al., 2016;
Fuchs, Schumacher, et al., 2013; Fuchs, Schumacher, et al., 2016; Jayanthi et al., 2018;
Malone et al., 2019; Watt & Therrien, 2016.

155 Fuchs, Malone, et al., 2019; Wang et al., 2019.

156 Barbieri et al., 2019; Bryant et al., 2011; Bryant et al., 2016; Clarke et al., 2014; Clarke et
al., 2017; Darch et al., 1984; Doabler et al., 2016; Dyson et al., 2015; Dyson et al., 2018; Fien
et al., 2016; Fuchs et al., 2005; Fuchs et al., 2006; Fuchs et al., 2009; Fuchs et al., 2010;
Fuchs et al., 2014; Fuchs, Fuchs, et al., 2008; Fuchs, Geary, et al., 2013; Fuchs, Malone, et
al., 2019; Fuchs, Malone, et al., 2016; Fuchs, Powell, et al., 2008; Fuchs, Schumacher, et al.,
2013; Fuchs, Schumacher, et al., 2016; Fuchs, Seethaler, et al., 2008; Fuchs, Seethaler, et
al., 2019; Gersten et al., 2015; Jayanthi et al., 2018; Jitendra et al., 1998; Jitendra, Dupuis, et
al., 2013; Jitendra, Rodriguez, et al., 2013; Malone et al., 2019; Powell et al., 2009; Powell
& Driver, 2015; Powell, Driver, et al., 2015; Powell, Fuchs, et al., 2015; Swanson, 2014;
Swanson, Lussier, et al., 2013; Swanson, Moran, et al., 2013; Swanson, Moran, et al., 2014;
Swanson, Orosco, et al., 2014; Tournaki, 2003; Wang et al., 2019; Watt & Therrien, 2016.

157 Kanive et al., 2014.

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Notes | 152



158

159

160

161

162

163

164

165

166

167

168

169

170

171

Notes

Barbieri et al., 2019; Bryant et al., 2011; Clarke et al., 2017; Darch et al., 1984; Doabler et al.,
2016; Dyson et al., 2015; Dyson et al., 2018; Fuchs, Schumacher et al., 2013; Jitendra et al.,
1998; Jitendra, Dupuis, et al., 2013; Jitendra, Rodriguez, et al., 2013; Powell, Driver, et al.,
2015; Tournaki, 2003.

Bryant et al., 2016; Clarke et al., 2017; Doabler et al., 2016; Dyson et al., 2015; Fuchs et
al., 2009; Fuchs et al., 2014; Fuchs, Geary, et al., 2013; Fuchs, Malone, et al., 2019; Fuchs,
Malone, et al., 2016; Fuchs, Schumacher, et al., 2013; Fuchs, Schumacher, et al., 2016;
Fuchs, Seethaler, et al., 2019; Jayanthi et al., 2018; Malone et al., 2019; Powell & Driver,
2015; Smith et al., 2013.

Clarke et al., 2017; Dyson et al., 2015; Fuchs et al., 2009; Fuchs et al., 2014; Fuchs, Geary, et
al., 2013; Fuchs, Malone, et al., 2016; Fuchs, Schumacher, et al., 2013; Fuchs, Schumacher,
et al., 2016; Fuchs, Seethaler, et al., 2019; Jayanthi et al., 2018; Malone et al., 2019; Powell &
Driver, 2015.

Bryant et al., 2016; Doabler et al., 2016; Fuchs, Malone, et al., 2019; Smith et al., 2013.

One study (Jayanthi et al., 2018) did not report the number of schools in the sample; therefore,
the total number of schools comes from the 15 studies that report the number of schools.

Bryant et al., 2016; Clarke et al., 2017; Doabler et al., 2016; Dyson et al., 2015; Fuchs et al.,
2009; Fuchs, Geary, et al., 2013; Fuchs, Seethaler, et al., 2019; Powell & Driver, 2015; Smith
et al., 2013.

Fuchs et al., 2014; Fuchs, Malone, et al., 2019; Fuchs, Schumacher, et al., 2013; Fuchs,
Schumacher, et al., 2016; Jayanthi et al., 2018; Malone et al., 2019.

Fuchs, Malone, et al., 2019.

Bryant et al., 2016; Dyson et al., 2015; Fuchs et al., 2014; Fuchs, Geary, et al., 2013; Fuchs,
Malone, et al., 2019; Fuchs, Malone, et al., 2016; Fuchs, Schumacher, et al., 2013; Fuchs,
Schumacher, et al., 2016; Fuchs, Seethaler, et al., 2019; Jayanthi et al., 2018; Malone et al.,
2019; Powell & Driver, 2015.

Bryant et al., 2016; Dyson et al., 2015; Fuchs et al., 2009; Fuchs et al., 2014; Fuchs, Geary,
et al., 2013; Fuchs, Malone, et al., 2019; Fuchs, Malone, et al., 2016; Fuchs, Schumacher,
et al., 2013; Fuchs, Schumacher, et al., 2016; Fuchs, Seethaler, et al., 2019; Jayanthi et al.,
2018; Malone et al., 2019; Powell & Driver, 2015.

Clarke et al., 2017; Doabler et al., 2016; Fuchs et al., 2009; Fuchs et al., 2014; Fuchs, Geary,
et al., 2013; Fuchs, Malone, et al., 2019; Fuchs, Malone, et al., 2016; Fuchs, Schumacher,

et al., 2013; Fuchs, Schumacher, et al., 2016; Fuchs, Seethaler, et al., 2019; Jayanthi et al.,
2018; Malone et al., 2019; Powell & Driver, 2015; Smith et al., 2013.

Fuchs, Malone, et al., 2016; Fuchs, Schumacher, et al., 2013; Jayanthi et al., 2018.
Clarke et al., 2017; Doabler et al., 2016; Dyson et al., 2015; Fuchs, Schumacher, et al., 2013.
Powell & Driver, 2015.

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Notes | 153



Notes

12 Barbieri et al., 2019; Bryant et al., 2011; Bryant et al., 2016; Clarke et al., 2014; Clarke
et al., 2017; Doabler et al., 2016; Dyson et al., 2015; Dyson et al., 2018; Fien et al., 2016;
Fuchs et al., 2005; Fuchs et al., 2014; Fuchs, Geary, et al., 2013; Fuchs, Malone, et al.,
2019; Fuchs, Malone, et al., 2016; Fuchs, Powell, et al., 2008; Fuchs, Schumacher, et al.,
2013; Fuchs, Schumacher, et al., 2016; Fuchs, Seethaler, et al., 2019; Gersten et al., 2015;
Jayanthi et al., 2018; Kanive et al., 2014; Malone et al., 2019; Powell & Driver, 2015; Powell,
Driver, et al., 2015; Powell, Fuchs, et al., 2015; Smith et al., 2013; Wang et al., 2019; Watt &
Therrien, 2016.

173 Bryant et al., 2011; Clarke et al., 2014; Clarke et al., 2017; Dyson et al., 2015; Dyson et al.,
2018; Fien et al., 2016; Fuchs et al., 2005; Fuchs et al., 2014; Fuchs, Geary, et al., 2013;
Fuchs, Malone, et al., 2016; Fuchs, Schumacher, et al., 2013; Fuchs, Schumacher, et al.,
2016; Fuchs, Seethaler, et al., 2019; Jayanthi et al., 2018; Kanive et al., 2014; Malone et al.,
2019; Powell & Driver, 2015; Powell, Driver, et al., 2015; Wang et al., 2019.

174 Barbieri et al., 2019; Bryant et al., 2016; Doabler et al., 2016; Fuchs, Malone, et al., 2019;
Fuchs, Powell, et al., 2008; Gersten et al., 2015; Powell, Fuchs, et al., 2015; Smith et al.,
2013; Watt & Therrien, 2016.

175 One study (Jayanthi et al., 2018) did not report the number of schools in the sample; therefore,
the total number of schools comes from the 27 studies that report the number of schools.

176 Barbieri et al., 2019; Clarke et al., 2017; Doabler et al., 2016; Dyson et al., 2018; Fien et al.,
2016; Fuchs et al., 2005; Malone et al., 2019; Powell, Fuchs, et al., 2015.

177 Bryant et al., 2011; Bryant et al., 2016; Clarke et al., 2014; Clarke et al., 2017; Doabler et
al., 2016; Dyson et al., 2015; Fien et al., 2016; Fuchs et al., 2005; Fuchs, Geary, et al., 2013;
Fuchs, Powell, et al., 2008; Fuchs, Seethaler, et al., 2019; Gersten et al., 2015; Kanive et al.,
2014; Powell & Driver, 2015; Powell, Driver, et al., 2015; Powell, Fuchs, et al., 2015; Smith et
al., 2013.

178 Barbieri et al., 2019; Dyson et al., 2018; Fuchs et al., 2014; Fuchs, Malone, et al., 2016;
Fuchs, Schumacher, et al., 2013; Fuchs, Schumacher, et al., 2016; Jayanthi et al., 2018;
Malone et al., 2019; Watt & Therrien, 2016.

179 Fuchs, Malone, et al., 2019; Wang et al., 2019.

180 Barbieri et al., 2019; Bryant et al., 2011; Bryant et al., 2016; Clarke et al., 2014; Dyson et
al., 2015; Dyson et al., 2018; Fien et al., 2016; Fuchs et al., 2005; Fuchs et al., 2014; Fuchs,
Geary, et al., 2013; Fuchs, Malone, et al., 2019; Fuchs, Malone, et al., 2016; Fuchs, Powell,
et al., 2008; Fuchs, Schumacher, et al., 2013; Fuchs, Schumacher, et al., 2016; Fuchs,
Seethaler, et al., 2019; Gersten et al., 2015; Jayanthi et al., 2018; Malone et al., 2019; Powell
& Driver, 2015; Powell, Driver, et al., 2015; Powell, Fuchs, et al., 2015; Smith et al., 2013;
Wang et al., 2019; Watt & Therrien, 2016.

181 Clarke et al., 2017; Doabler et al., 2016; Dyson et al., 2015; Fuchs et al., 2005; Fuchs et al.,
2014; Fuchs, Geary, et al., 2013; Fuchs, Malone, et al., 2019; Fuchs, Powell, et al., 2008;
Fuchs, Schumacher, et al., 2016; Jayanthi et al., 2018; Kanive et al., 2014; Malone et al.,
2019; Powell & Driver, 2015; Powell, Driver, et al., 2015; Powell, Fuchs, et al., 2015; Wang et
al., 2019; Watt & Therrien, 2016.

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Notes | 154



Notes

182 Baroody et al., 2012; Dyson et al., 2015; Fuchs et al., 2014; Fuchs, Malone, et al., 2019;
Fuchs, Malone, et al., 2016; Fuchs, Powell, et al., 2008; Fuchs, Schumacher, et al.,
2013; Fuchs, Schumacher, et al., 2016; Jayanthi et al., 2018; Malone et al., 2019; Watt &
Therrien, 2016.

183 Barbieri et al., 2019; Bryant et al., 2011; Clark et al., 2017; Doabler et al., 2016; Dyson et al.,
2015; Dyson et al., 2018; Fuchs, Schumacher, et al., 2013; Powell, Driver, et al., 2015.

184 Barbieri et al., 2019; Dyson et al., 2018; Fuchs et al., 2014; Fuchs, Geary, et al., 2013; Fuchs,
Malone, et al., 2019; Fuchs, Malone, et al., 2016; Fuchs, Schumacher, et al., 2013; Fuchs,
Schumacher, et al., 2016; Fuchs, Seethaler, et al., 2019; Gersten et al., 2015; Jayanthi et al.,
2018; Malone et al., 2019; Powell et al., 2009; Wang et al., 2019.

185 PDyson et al., 2018; Fuchs et al., 2014; Fuchs, Geary, et al., 2013; Fuchs, Malone, et al., 2016;
Fuchs, Schumacher, et al., 2013; Fuchs, Schumacher, et al., 2016; Fuchs, Seethaler, et al.,
2019; Jayanthi et al., 2018; Malone et al., 2019; Powell et al., 2009; Wang et al., 2019.

186 Barbieri et al., 2019; Fuchs, Malone, et al., 2019; Gersten et al., 2015.

187 One study (Jayanthi et al., 2018) did not report the number of schools in the sample; therefore,
the total number of schools comes from the 13 studies that report the number of schools.

188 Fuchs, Geary, et al., 2013; Fuchs, Seethaler, et al., 2019; Gersten et al., 2015; Powell et al.,
2009.

189 Barbieri et al., 2019; Dyson et al., 2018; Fuchs et al., 2014; Fuchs, Malone, et al., 2016;
Fuchs, Schumacher, et al., 2013; Fuchs, Schumacher, et al., 2016; Jayanthi et al., 2018;
Malone et al., 2019.

190 Fuchs, Malone, et al., 2019; Wang et al., 2019.

191 Barbieri et al., 2019; Dyson et al., 2018; Fuchs et al., 2014; Fuchs, Geary, et al., 2013; Fuchs,
Malone, et al., 2019; Fuchs, Malone, et al., 2016; Fuchs, Schumacher, et al., 2013; Fuchs,
Schumacher, et al., 2016; Fuchs, Seethaler, et al., 2019; Gersten et al., 2015; Jayanthi et al.,
2018; Malone et al., 2019; Wang et al., 2019.

192 Barbieri et al., 2019; Dyson et al., 2018; Fuchs et al., 2014; Fuchs, Malone, et al., 2019;
Fuchs, Malone, et al., 2016; Fuchs, Schumacher, et al., 2013; Fuchs, Schumacher, et al.,
2016; Jayanthi et al., 2018; Malone et al., 2019; Wang et al., 2019.

193 Jayanthi et al., 2018; Powell et al., 2009.
194 Barbieri et al., 2019; Dyson et al., 2018; Fuchs, Schumacher, et al., 2013.

195 PDarch et al., 1984; Fuchs et al., 2009; Fuchs et al., 2010; Fuchs, Fuchs, et al., 2008; Fuchs,
Malone, et al., 2016; Fuchs, Schumacher, et al., 2016; Fuchs, Seethaler, et al., 2008;
Fuchs, Seethaler, et al., 2019; Jitendra et al., 1998; Jitendra, Dupuis, et al., 2013; Jitendra,
Rodriguez, et al., 2013; Malone et al., 2019; Swanson, 2014; Swanson, Lussier, et al., 2013;
Swanson, Moran, et al., 2013; Swanson, Moran, et al., 2014; Swanson, Orosco, et al., 2014;
Wang et al., 2019.

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Notes | 155



Notes

196 Darch et al., 1984; Fuchs et al., 2009; Fuchs et al., 2010; Fuchs, Fuchs, et al., 2008; Fuchs,
Malone, et al., 2016; Fuchs, Schumacher, et al., 2016; Fuchs, Seethaler, et al., 2019; Jitendra
et al., 1998; Jitendra, Dupuis, et al., 2013; Jitendra, Rodriguez, et al., 2013; Malone et al.,
2019; Swanson, 2014; Swanson, Lussier, et al., 2013; Swanson, Moran, et al., 2013; Wang et
al., 2019.

97 Fuchs, Seethaler, et al., 2008; Swanson, Moran, et al., 2014; Swanson, Orosco, et al., 2014.

198 Five studies (Darch et al., 1984; Fuchs, Fuchs, et al., 2008; Fuchs, Seethaler, et al., 2008;
Swanson, Lussier, et al., 2013; Swanson, Orosco, et al., 2014) did not report the number
of schools in the sample; therefore, the total number of schools comes from the 13 studies that
reported the number of schools.

199 Fuchs, Malone, et al., 2016; Fuchs, Schumacher, et al., 2016; Malone et al., 2019; Wang et
al., 2019.

200 Darch et al., 1984; Fuchs et al., 2009; Fuchs et al., 2010; Fuchs, Fuchs, et al., 2008; Fuchs,
Seethaler, et al., 2008; Fuchs, Seethaler, et al., 2019; Jitendra et al., 1998; Jitendra, Dupuis,
et al., 2013; Jitendra, Rodriguez, et al., 2013; Swanson, 2014; Swanson, Lussier, et al., 2013;
Swanson, Moran, et al., 2013; Swanson, Moran, et al., 2014; Swanson, Orosco, et al., 2014.

201 Fuchs, Malone, et al., 2016; Fuchs, Schumacher, et al., 2016; Malone et al., 2019.
202 Wang et al., 2019.

203 Fuchs et al., 2009; Fuchs et al., 2010; Fuchs, Fuchs, et al., 2008; Fuchs, Malone, et al.,
2016; Fuchs, Schumacher, et al., 2016; Fuchs, Seethaler, et al., 2008; Fuchs, Seethaler, et
al., 2019; Jitendra et al., 1998; Jitendra, Dupuis, et al., 2013; Jitendra, Rodriguez, et al.,
2013; Malone et al., 2019; Wang et al., 2019.

20¢ Fuchs, Fuchs, et al., 2008; Fuchs, Malone, et al., 2016; Fuchs, Schumacher, et al., 2016;
Fuchs, Seethaler, et al., 2019; Jitendra et al., 1998; Jitendra, Rodriguez, et al., 2013; Wang et
al., 2019.

205 Darch et al., 1984; Swanson, Moran, et al., 2013; Swanson, Moran, et al., 2014; Swanson,
2014; Swanson, Lussier, et al., 2013; Swanson, Orosco, et al., 2014.

206 Darch et al., 1984.
207 Swanson, Moran, et al., 2013; Swanson, Moran, et al., 2014.
208 Swanson, 2014; Swanson, Lussier, et al., 2013; Swanson, Orosco, et al., 2014.

209 Darch et al., 1984; Fuchs et al., 2009; Fuchs et al., 2010; Fuchs, Fuchs, et al., 2008; Fuchs,
Malone, et al., 2016; Fuchs, Schumacher, et al., 2016; Fuchs, Seethaler, et al., 2008;
Fuchs, Seethaler, et al., 2019; Jitendra et al., 1998; Jitendra, Dupuis, et al., 2013; Jitendra,
Rodriguez, et al., 2013; Malone et al., 2019; Wang et al., 2019.

20 pDarch et al., 1984; Jitendra et al., 1998; Jitendra, Dupuis, et al., 2013; Jitendra, Rodriguez, et
al., 2013.

21t Fuchs, Seethaler, et al., 2019; Swanson, Moran, et al., 2013; Swanson, Moran, et al., 2014.

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Notes | 156



Notes

222 Fuchs, Seethaler, et al., 2019.
28 Swanson, Moran, et al., 2013; Swanson, Moran, et al., 2014.

24 Barbieri et al., 2019; Bryant et al., 2011; Dyson et al., 2015; Dyson et al., 2018; Fien et al.,
2016; Fuchs et al., 2005; Fuchs et al., 2006; Fuchs et al., 2009; Fuchs et al., 2010; Fuchs
et al., 2014; Fuchs, Geary, et al., 2013; Fuchs, Malone, et al., 2019; Fuchs, Malone, et al.,
2016; Fuchs, Powell, et al., 2008; Fuchs, Schumacher, et al., 2013; Fuchs, Schumacher, et
al., 2016; Fuchs, Seethaler, et al., 2008; Fuchs, Seethaler, et al., 2019; Gersten et al., 2015;
Kanive et al., 2014; Malone et al., 2019; Powell et al., 2009; Powell & Driver, 2015; Powell,
Driver, et al., 2015; Powell, Fuchs, et al., 2015; Tournaki, 2003; Wang et al., 2019.

25 Bryant et al., 2011; Dyson et al., 2015; Dyson et al., 2018; Fien et al., 2016; Fuchs et al.,
2005; Fuchs et al., 2006; Fuchs et al., 2009; Fuchs et al., 2010; Fuchs et al., 2014; Fuchs,
Geary, et al., 2013; Fuchs, Malone, et al., 2016; Fuchs, Schumacher, et al., 2013; Fuchs,
Schumacher, et al., 2016; Fuchs, Seethaler, et al., 2019; Kanive et al., 2014; Malone et al.,
2019; Powell et al., 2009; Powell & Driver, 2015; Powell, Driver, et al., 2015; Tournaki,
2003; Wang et al., 2019.

216 Barbieri et al., 2019; Fuchs, Malone, et al., 2019; Fuchs, Powell, et al., 2008; Fuchs,
Seethaler, et al., 2008; Gersten et al., 2015; Powell, Fuchs, et al., 2015.

27 Two studies (Fuchs, Seethaler, et al., 2008; Tournaki, 2003) did not report the number of
schools in their samples; therefore, the total number of schools comes from the 25 studies that
report the number of schools.

28 Bryant et al., 2011; Dyson et al., 2015; Fien et al., 2016; Fuchs et al., 2005; Fuchs et al.,
2006; Fuchs et al., 2009; Fuchs et al., 2010; Fuchs et al., 2014; Fuchs, Geary, et al., 2013;
Fuchs, Malone, et al., 2019; Fuchs, Malone, et al., 2016; Fuchs, Powell, et al., 2008; Fuchs,
Schumacher, et al., 2013; Fuchs, Schumacher, et al., 2016; Fuchs, Seethaler, et al., 2008;
Fuchs, Seethaler, et al., 2019; Gersten et al., 2015; Malone et al., 2019; Powell et al., 2009;
Powell & Driver, 2015; Powell, Fuchs, et al., 2015; Wang et al., 2019.

29 Bryant et al., 2011; Dyson et al., 2015; Fien et al., 2016; Fuchs et al., 2005; Fuchs et al.,
2006; Fuchs et al., 2009; Fuchs et al., 2010; Fuchs, Geary, et al., 2013; Fuchs, Powell, et
al., 2008; Fuchs, Seethaler, et al., 2008; Fuchs, Seethaler, et al., 2019; Gersten et al., 2015;
Kanive et al., 2014; Powell et al., 2009; Powell & Driver, 2015; Powell, Driver, et al., 2015;
Powell, Fuchs, et al., 2015; Tournaki, 2003.

220 Barbieri et al., 2019; Dyson et al., 2018; Fuchs et al., 2014; Fuchs, Malone, et al., 2016;
Fuchs, Schumacher, et al., 2013; Fuchs, Schumacher, et al., 2016; Malone et al., 2019.

221 Fuchs, Malone, et al., 2019; Wang et al., 2019.

222 Barbieri et al., 2019; Bryant et al., 2011; Dyson et al., 2015; Dyson et al., 2018; Fien et al.,
2016; Fuchs et al., 2005; Fuchs et al., 2006; Fuchs et al., 2009; Fuchs et al., 2010; Fuchs,
Geary, et al., 2013; Fuchs, Seethaler, et al., 2008; Fuchs, Seethaler, et al., 2019; Gersten et
al., 2015; Kanive et al., 2014; Powell et al., 2009; Powell & Driver, 2015; Powell, Driver, et
al., 2015; Tournaki, 2003.

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Notes | 157



223

Notes

Fuchs et al., 2014; Fuchs, Malone, et al., 2019; Fuchs, Schumacher, et al., 2013; Fuchs,
Schumacher, et al., 2016; Malone et al., 2019.

24 Fuchs, Malone, et al., 2019; Fuchs, Powell, et al., 2008; Powell, Fuchs, et al., 2015; Wang et

225

226

227

228

229

al., 2019.
Barbieri et al., 2019; Dyson et al., 2018.

Bryant et al., 2011; Dyson et al., 2015; Fuchs et al., 2009; Fuchs et al., 2010; Fuchs et al.,
2014; Fuchs, Geary, et al., 2013; Fuchs, Malone, et al., 2019; Fuchs, Malone, et al., 2019;
Fuchs, Powell, et al., 2008; Fuchs, Schumacher, et al., 2013; Fuchs, Schumacher, et al.,
2016; Fuchs, Seethaler, et al., 2019; Malone et al., 2019; Powell et al., 2009; Powell &
Driver, 2015; Powell, Driver, et al., 2015; Powell, Fuchs, et al., 2015; Tournaki, 2003; Wang
et al., 2019.

Fuchs et al., 2009; Fuchs et al., 2010; Fuchs et al., 2014; Fuchs, Geary, et al., 2013; Fuchs,
Malone, et al., 2019; Fuchs, Malone, et al., 2016; Fuchs, Powell, et al., 2008; Fuchs,
Schumacher, et al., 2013; Fuchs, Schumacher, et al., 2016; Fuchs, Seethaler, et al., 2008;
Fuchs, Seethaler, et al., 2019; Malone et al., 2019; Powell et al., 2009; Powell & Driver, 2015;
Powell, Driver, et al., 2015; Powell, Fuchs, et al., 2015; Wang et al., 2019.

Barbieri et al., 2019; Dyson et al., 2015; Dyson et al., 2018; Fien et al., 2016; Fuchs et al.,
2005; Fuchs et al., 2006; Fuchs et al., 2009; Fuchs et al., 2010; Fuchs et al., 2014; Fuchs,
Geary, et al., 2013; Fuchs, Malone, et al., 2019; Fuchs, Malone, et al., 2016; Fuchs, Powell,
et al., 2008; Fuchs, Schumacher, et al., 2013; Fuchs, Schumacher, et al., 2016; Fuchs,
Seethaler, et al., 2008; Fuchs, Seethaler, et al., 2019; Gersten et al., 2015; Kanive et al.,
2014; Malone et al., 2019; Powell et al., 2009; Powell & Driver, 2015; Powell, Driver, et al.,
2015; Powell, Fuchs, et al., 2015; Tournaki, 2003; Wang et al., 2019.

Barbieri et al., 2019; Bryant et al., 2011; Dyson et al., 2015; Dyson et al., 2018; Fuchs,
Schumacher, et al., 2013; Powell, Driver, et al., 2015; Tournaki, 2003.

230 Tournaki, 2003.

231

232

233

234

235

Fuchs et al., 2010.
Dyson et al., 2015.
Fuchs, Geary, et al., 2013.
Fuchs et al., 2014.

Powell et al., 2009.

WWC 2021006 Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades | Notes | 158



	Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades
	Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades
	PANEL
	STAFF
	PROJECT OFFICER

	DISCLAIMER 
	U.S. DEPARTMENT OF EDUCATION 
	INSTITUTE OF EDUCATION SCIENCES 
	NATIONAL CENTER FOR EDUCATION EVALUATION AND REGIONAL ASSISTANCE 
	MARCH 2021
	ALTERNATE FORMATS 
	Table of Contents
	Contents
	List of Boxes
	List of Tables
	List of Examples
	List of Figures

	Introduction to Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades
	Using Evidence to Develop the Recommendations 
	Box 1. Levels of evidence
	Table 1. Recommendations and corresponding levels of evidence

	Who Might Find This Guide Useful
	How to Use This Practice Guide

	Recommendation 1: Systematic Instruction
	Provide systematic instruction during intervention to develop student understanding of mathematical ideas.
	Introduction
	How to carry out the recommendation
	1.	Review and integrate previously learned content throughout intervention to ensure that students maintain understanding of concepts and procedures.
	2.	When introducing new concepts and procedures, use accessible numbers to support learning. 
	3.	Sequence instruction so that the mathematics students are learning builds incrementally.
	4.	Provide visual and verbal supports. 
	5.	Provide immediate, supportive feedback to students to address any misunderstandings.
	Example 1.1. Putting together the steps of Recommendation 1.

	Potential Obstacles and the Panel’s Advice


	Recommendation 2: Mathematical Language
	Teach clear and concise mathematical language and support students’ use of the language to help students effectively communicate their understanding of mathematical concepts.
	Introduction
	How to carry out the recommendation
	1.	Routinely teach mathematical vocabulary to build students’ understanding of the mathematics they are learning. 
	2.	Use clear, concise, and correct mathematical language throughout lessons to reinforce students’ understanding of important mathematical vocabulary words.
	3.	Support students in using mathematically precise language during their verbal and written explanations of their problem solving. 

	Potential Obstacles and the Panel’s Advice


	Recommendation 3: Representations
	Use a well-chosen set of concrete and semi-concrete representations to support students’ learning of mathematical concepts and procedures.
	Introduction
	How to carry out the recommendation
	1.	Provide students with the concrete and semi-concrete representations that effectively represent the concept or procedure being covered. 
	2.	When teaching concepts and procedures, connect concrete and semi-concrete representations to abstract representations. 
	3.	Provide ample and meaningful opportunities for students to use representations to help solidify the use of representations as “thinking tools.”
	4.	Revisit concrete and semi-concrete representations periodically to reinforce and deepen understanding of mathematical ideas. 

	Potential Obstacles and the Panel’s Advice


	Recommendation 4: Number Lines
	Use the number line to facilitate the learning of mathematical concepts and procedures, build understanding of grade-level material, and prepare students for advanced mathematics.
	Introduction
	How to carry out the recommendation
	1.	Represent whole numbers, fractions, and decimals on a number line to build students’ understanding of numerical magnitude.
	Early elementary (grades K–2)
	Upper elementary (grades 3–6) 

	Characteristics of number lines using whole numbers.
	2.	Compare numbers and determine their relative magnitude using a number line to help students understand quantity.
	Early elementary (grades K–2) 
	Upper elementary (grades 3–6)
	Early and upper elementary (grades K–6)

	3.	Use the number line to build students’ understanding of the concepts underlying operations.
	Early elementary (grades K–2)
	Upper elementary (grades 3–6)


	Potential Obstacles and the Panel’s Advice


	Recommendation 5: Word Problems
	Provide deliberate instruction on word problems to deepen students’ mathematical understanding and support their capacity to apply mathematical ideas.
	Introduction
	How to carry out the recommendation
	1.	Teach students to identify word problem types that include the same type of action or event.
	What is a problem type?
	Story with all quantities
	Word problem with a missing quantity
	Quantity increase
	Quantity decrease
	2.	Teach students a solution method for solving each problem type.
	3.	Expand students’ ability to identify relevant information in word problems by presenting problem information differently. 
	Change problems
	Result quantity unknown
	Change quantity unknown
	Start quantity unknown
	Change problem with multiple steps

	Ratio problems
	Ratio problem with ratio given
	Ratio problem with a chart/graph/diagram
	Ratio problem with irrelevant information
	Ratio problem with multiple steps

	Word Problem
	4.	Teach vocabulary or language often used in word problems to help students understand the problem. 
	5.	Include a mix of previously and newly learned problem types throughout intervention. 

	Potential Obstacles and the Panel’s Advice


	Recommendation 6: Timed Activities
	Regularly include timed activities as one way to build students’ fluency in mathematics.
	Introduction
	How to carry out the recommendation
	1.	Identify already-learned topics for activities to support fluency and create a timeline. 
	2.	Choose the activity and accompanying materials to use in the timed activity and set clear expectations.
	3.	Ensure that students have an efficient strategy to use as they complete the timed activity.
	4.	Encourage and motivate students to work hard by having them chart their progress.
	5.	Provide immediate feedback by asking students to correct errors using an efficient strategy.

	Potential Obstacles and the Panel’s Advice


	Glossary
	Appendix A: Postscript from the Institute of Education Sciences
	What is a Practice Guide?
	How are Practice Guides Developed?
	Levels of Evidence for What Works Clearinghouse Practice Guides
	Table A.1. IES levels of evidence for What Works Clearinghouse practice guides

	A Final Note About IES Practice Guides

	Appendix B: Methods and Processes for Developing This Practice Guide
	Phase 1: Selecting the Panel; Establishing a Review Protocol
	Phase 2: Literature Search and Review
	Phase 3: Generating the Recommendations
	Phase 4: Drafting the Practice Guide

	Appendix C: Rationale for Evidence Ratings
	Conducting Reviews of Eligible Studies
	Determining Relevance to Recommendations
	Determining Relevant Outcomes
	Estimating Fixed-Effects Meta-Analytic Effect Sizes
	Recommendation 1: Systematic Instruction
	Provide systematic instruction during intervention to develop student understanding of mathematical ideas. 
	Rationale for a Strong Level of Evidence


	A Brief Summary of the Studies Providing Evidence for the Recommendation
	Table C.4. Studies providing evidence for Recommendation 1: Provide systematic instruction during intervention to develop student understanding of mathematical ideas.

	Supplemental Findings for Recommendation 1
	Recommendation 2: Mathematical Language
	Teach clear and concise mathematical language and support students’ use of the language to help students effectively communicate their understanding of mathematical concepts.
	Rationale for a Strong Level of Evidence


	A Brief Summary of the Studies Providing Evidence for the Recommendation
	Supplemental Findings for Recommendation 2
	Recommendation 3: Representations
	Use a well-chosen set of concrete and semi-concrete representations to support students’ learning of mathematical concepts and procedures.
	Rationale for a Strong Level of Evidence


	A Brief Summary of the Studies Providing Evidence for the Recommendation
	Supplemental Findings for Recommendation 3
	Recommendation 4: Number Lines
	Use the number line to facilitate the learning of mathematical concepts and procedures, build understanding of grade-level material, and prepare students for advanced mathematics.
	Rationale for a Strong Level of Evidence


	A Brief Summary of the Studies Providing Evidence for the Recommendation
	Supplemental Findings for Recommendation 4
	Recommendation 5: Word Problems
	Provide deliberate instruction on word problems to deepen students’ mathematical understanding and support their capacity to apply mathematical ideas.
	Rationale for a Strong Level of Evidence


	A Brief Summary of the Studies Providing Evidence for the Recommendation
	Supplemental Findings for Recommendation 5
	Recommendation 6: Timed Activities
	Regularly include timed activities to build students’ retrieval of basic facts and fluent use of critical steps for more complex mathematics. 
	Rationale for a Strong Level of Evidence


	A Brief Summary of the Studies Providing Evidence for the Recommendation
	Supplemental Findings for Recommendation 6

	Appendix D: About the Panel and Key WWC Staff
	Panel
	Key WWC Staff
	Acknowledgement

	Appendix E: Disclosure of Potential Conflicts of Interest
	Panelists
	Staff 

	References
	Notes





Accessibility Report





		Filename: 

		WWC2021006-Math-PG.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found no problems in this document.





		Needs manual check: 0



		Passed manually: 3



		Failed manually: 0



		Skipped: 0



		Passed: 29



		Failed: 0







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Passed manually		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Passed manually		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed manually		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Passed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Passed		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top



