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INTRODUCTION

During most of the 20th century, the United States was a world leader in mathematics, achieving
feats of engineering, scientific discovery, and economic growth on every scale. Much of how the
nation viewed its success was based on the financial prosperity of its citizens and its international
competitiveness. However, for the past several decades, American students’ performance on
measures of mathematics skills rank the United States at mediocre levels worldwide, while the
math, science, and technical training of other countries’ workforces develops and benefits their

job growth, especially in a technology-driven economy. Without substantial and sustained changes
to its educational system, specifically in mathematics, the United States will continue to slip when
stacked against other nations, and the gap between the country’s highest and lowest achievers

will continue to grow (National Center for Education Statistics [NCES], 2021; National Mathematics
Advisory Panel, 2008; Schmidt, 2012). Fundamentally, rigorous mathematics standards and high-
quality mathematic instruction for all students are the solution. However, pervasive equity and access
issues additionally beset efforts and outcomes in educating our nation’s most vulnerable children.
Any systemic improvement to mathematics success must also address systemic disparities (National
Council of Teachers of Mathematics [NCTM], 2014).

“Math concepts and skills are important to all of school and life. Math provides a new way to see
the world, the beauty of it, and the way you can solve problems that arise within it. However, math
is much more: Math is critical thinking and problem solving, and high-quality math experiences also

promote social, emotional, literacy, and general brain development” (Clements & Sarama, 2020, p. 2).

Houghton Mifflin Harcourt's GO Math!® was developed to provide high-quality instruction and
assessment aligned with rigorous standards and high expectations for all students to thrive in their
learning of mathematics. The HMH GO Math! pedagogy is built on a solid foundation of effective
mathematics teaching and learning that educators have relied upon for years. The new edition
has been completely rebuilt and infuses the program with additional embedded supports to

nurture young mathematicians and meet the needs of all learners. GO Math! celebrates the unique

assets each student brings to the classroom and provides ongoing opportunities for exploration,
independence, and collaboration that foster successful, strategic mathematics learning. The

program additionally utilizes effective teaching practices as advocated by the National Council of
Teachers of Mathematics (2014).
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CURRICULUM

DESIGN AND
STANDARDS
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Mathematical thinking and reasoning and the skills to engage in procedural reliability, fluency, and automaticity

are vital capacities for 21st-century learners. In the modern era, the United States has benefitted greatly from

the economic, social, and health advances made possible by a workforce with expertise in science, technology,
engineering, and mathematics (STEM)—and both the importance of and demand for jobs in STEM fields continues
to increase (Granovskiy, 2018). Within mathematics programs that effectively support the development of essential
21st-century skills, instruction and assessment are closely aligned to rigorous standards (Peterson & Ackerman, 2015).
The NCTM (2014, 2020) additionally recommends that mathematics programs are structured by coherent learning
progressions that build conceptual understandings, as well as connections among areas of mathematical study and

between mathematics and the real world.

HMH GO Math! supports students’ procedural and conceptual development along coherent learning progressions,
as called for by rigorous mathematics standards and by policy and research leaders in the field of K-12 mathematics
education. The program supports evidence-based best practices to foster students’ success and interest in math with

high expectations for all students.

CURRICULUM DESIGN AND STANDARDS
Clear, Cohesive, Comprehensive Alignment to Mathematics Standards................cccoooiiiinn,
5E Instructional Model (Engage, Explore, Explain, Elaborate, Evaluate ....
Promoting Fluency and Automaticity through Ongoing Practice .........ccccoiiiiiiiiiiiiiiiiciee,
Embedded Language Development ...........coooiiiiiiiiiiiicccc
Coherent Learning Progressions. ... ......cii it
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CLEAR, COHESIVE,

COMPREHENSIVE ALIGNMENT TO
MATHEMATICS STANDARDS

For several decades, the cornerstone of education policy in
the United States has centered around the implementation of
rigorous standards, along with instruction and accountability
measures aligned to those standards. Research demonstrates
that standards-based learning environments have a
significant positive impact on student achievement in
mathematics (Peterson & Ackerman, 2015; Stein et al.,

2007; Tarr et al., 2008). In an examination comparing the
impact of mathematics curricula on student outcomes,
standards-based learning over traditional instruction was
determined to contribute more significantly to growth in
problem-solving (Cai et al., 2011). Research also shows that
high-performing schools have a clear, shared focus, and
curriculum, instruction, and assessment closely aligned to
state standards (Shannon & Bylsma, 2007).

For students to acquire targeted mathematics skills and
perform at proficient levels, it is essential that classrooms
identify and clarify what students are expected to learn and
understand (NCTM, 2014). Research demonstrates that
clarity between teachers and students regarding intentions
for what is to be learned and why it is to be learned, as well
as criteria for what constitutes success, is one of the most
effective teaching practices for yielding targeted outcomes
(Almarode & Vandas, 2018; Hattie, 2008; Leahy et al., 2005).
“Formulating clear, explicit learning goals sets the stage

for everything else” (Hiebert et al., 2007, p. 57). Standards
offer a guide for teachers to ensure that they are helping
students build the foundations they need to move on to the
next grade and, ultimately, be ready for college and careers.
Standards can help ensure that teachers are providing
effective instruction for all students and can help students set

clear goals for learning (Wiliam, 2011).
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While standards-based teaching with quality materials is
demonstrably effective and standards provide a guide to
what is critical to teach, standards alone are insufficient in
achieving broad improvement to learning. Within standards-
aligned instruction, focus and coherence are critical (Schmidt
et al., 2005), particularly as instruction is adapted based on
individual students’ progress and needs (Pak et al., 2020
Establishing clear priorities from among national, state,

or local content standards is an essential component of
instructional planning that will ultimately achieve

targeted goals.

Standards typically call for more content than can be
reasonably and effectively addressed within available
instructional time; therefore, teachers must make choices
based on the specific needs of their students (Senn et al.,
2014; Wiggins & McTighe, 2005). NCTM (2014) urges that
curriculum design take into consideration the amount of new
content to be introduced in a particular grade or level so
that sufficient time will be available to teach concepts and

procedures effectively.

To succeed in mathematics, students need a clear, articulated
path for learning. “[M]athematics instruction—like any good
instruction—must be intentionally designed and carefully
orchestrated in the classroom, and should always focus on
impacting student learning” (Hattie et al., 2017, pp. 3-4).

A coherent math curriculum is sequentially ordered to best
reflect the hierarchical and logical structures of mathematics
(Schmidt et al., 2005). “A robust curriculum is more than a
collection of activities; instead, it is a coherent sequencing of
core mathematical ideas that are well articulated across the
grades” (NCTM, 2014, p.4).



A clear, articulated path toward learning objectives begins with
teachers knowing what each student needs to learn each day—
and exactly what success looks like for each student (Hattie

et al., 2017). Wiggins and McTighe (2005) describe effective
instructional design in the classroom as centered on guiding
questions such as, What should students know, understand,
and be able to do? How will we know if students have achieved
the desired results? How will we support learners as they come
to understand important ideas and processes? The authors

propose three stages in their model for designing instruction:

e  Stage 1 clarifies goals, examines content standards,
and reviews curriculum expectations with the purpose of

establishing priorities.

e  Stage 2 examines the assessment evidence needed to
document and validate that the targeted learning has
been achieved—a process that further serves to sharpen

and focus teaching.

e  Stage 3 requires teachers to consider the most
appropriate and effective approaches to assessment-

based instruction that yields understanding.

Identifying what students will learn is only one aspect of lesson
design. It is critical that classroom experiences also connect

to what students need to know and make learning purposeful.
Intentional design allows students to recognize, with clarity and
intentionality, what is expected of them, including what they
are learning and why they are learning it (Kanold, 2018; NCTM,
2014; Wiliam, 2011).

Per Hattie and colleagues (2017), related to intentional design
in mathematics is the concept of instructional rigor as viewed as
an equally intensive balance among conceptual understanding,
procedural skills and fluency, and application. “[M]athematics
teaching is most powerful when it starts with appropriately
challenging intentions and success criteria” (p. 4). Additionally,
promoting self-determination is an important component

in classroom instruction aimed at helping all students attain
post-academic success and quality of life. Particularly for those
with special needs, helping students develop skills associated
with self-determination (e.g., planning, self-management,
self-awareness, problem-solving, and goal setting) is critical in
preparation for experiences within and beyond school (Raley et
al., 2018).
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HOW HMH GO MATH! DELIVERS

Go Math! encourages all students to see themselves and

the possibilities for their future success. The interactive
Student Edition, available as full-color, write-in printed
format or online, is structured to assist students in navigating
rigorous assignments on their individual learning pathway.
Appropriate intervention options foster high levels of

engagement and achievement.

i | Go Math! % | Go Math!

37

The Go Math! Teacher Edition at each grade provides

all the support educators need in planning lessons and
implementing standards for mathematics via teacher-to-
teacher notes, Teacher's Corner, and other professional
resources. Teachers can effectively provide standards-based
instruction at the whole-class and individual-student level

using the following program components:

e  Standards Helper, a resource document organized by
standard to easily see lessons, supports, and common

errors for student learning

. Launch Activity, a focused learning experience with
engaging content that introduces new concepts

throughout the school year

. Teacher's Corner, an online and interactive resource
center for professional support specific to Go Math! as

well as other research-based supports
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The program provides a complete Scope and Sequence across
Grades K-5, organized by skill topics and accompanied by a

pacing guide, to help teachers plan standards-based instruction.

Ahead of each Launch Activity and lesson, the Teacher
Edition includes a Snapshot of targeted mathematical

standards, as well as Practices and Processes.

Lesson at a Glance

Identify Number Patterns on the
Addition Table

Mathematical Standards

Objective

‘® idenify aithmec patterns(including patterns inthe aditon table or || o cce 0 etis o explain patters on the acdition
‘muliplication table) and explain them using propertes of operations. | o

Mathematical Practices and Processes Learning Goal

@ Construct arguments and critique reasoning of others. \dentt and descrbe whale-number ptters and sove

@ Look for and make use of structure. problems.

@ Reason abstractly and quantitatively.

@ Look for and express regularity in repeated reasoning, Language Objective

Student pairs willuse propertes to explain patterns on the
‘addition table.

MATERIALS

* MathBoard

« orange and green crayons

Mathematical Practices and Processes are identified at the
task level within the Teacher’s Edition, giving teachers point-
of-use support and questioning strategies to help students
develop mathematical habits during small-group and whole-

group instruction.

The program also gives teachers support to facilitate deeper
learning and understanding of mathematics, such as through
each chapter’s Teaching for Depth feature. This guidance
provides background about the best practices and research
related to targeted concepts and underlying mathematical
practices and processes. It also prepares teachers for
common errors and misunderstandings that students may
have as they begin working on the chapter, and it provides
tools and strategies that can be relayed to students to
foster proficiency. Teaching for Depth further identifies
opportunities for both extension and intervention as needed

for individual students as they progress through the chapter.

-Teaching for Depth

Understand Multiplication

[glelelele]
o




SE INSTRUCTIONAL MODEL
(ENGAGE, EXPLORE, EXPLAIN,
ELABORATE, EVALUATE)

With roots in historical education models dating back to the
1900s, including the constructivist “learning cycle” approach,
the 5E instructional model was developed by a team of
researchers led by Rodger Bybee in collaboration with the
Biological Sciences Curriculum Study (BSCS). In ensuing
decades, the 5E Instructional Model has become widely used
across K-12 and post-secondary levels, as well as supported
by a significant research base attesting to its effectiveness
(Bybee et al., 2006).

The 5E model consists of five stages of teaching and learning:

e  Engagement: Students access prior knowledge through

learning activities that also spark their interest.

e  Exploration: Students generate new ideas and consider

possibilities.

e Explanation: Students demonstrate understanding by
explaining what they know, as to guide them toward

deeper learning.
e Elaboration: Students extend and apply their knowledge.

e Evaluation: Students examine their own understanding

while teachers monitor and evaluate progress.

Each stage serves a specific function, and together they frame
a sequential organization of lessons, units, and programs

that contribute to a teacher’s more coherent instruction

and to a learner’s increased understanding of scientific

and technological knowledge, attitudes, and skills. Once
internalized, this instructional approach also can inform the
many ongoing decisions that teachers must make in classroom
situations (Bybee et al., 2006).

In a 2006 review, Bybee and colleagues discovered that
hundreds of thousands of curriculum materials and lessons had
been developed and implemented using the model, which
has also been endorsed by state agencies across the country.
Bybee's team further found that studies of the 5E model
conducted by internal and external evaluators showed positive

trends for student mastery of subject matter and interest.

The National Research Council’s seminal 1999 publication How

People Learn supports the core tenets of the 5E approach: “An
alternative to simply progressing through exercises that derive
from a scope and sequence is to expose students to the major
patterns of a subject domain as they arise naturally in problem
situations. Activities can be structured so that students are
able to explore, explain, extend, and evaluate their progress.
Ideas are best introduced when students see a need or reason
for their use—this helps them to see relevant uses of the

knowledge to make sense of what they are learning” (p. 127).

Research has found that students who are taught with medium
to high levels of fidelity to the 5Es demonstrate learning gains
double that of students whose teachers implemented the 5E
approach with lower levels of fidelity or not at all (Coulson,
2002). Students whose teachers used the 5E approach have also
shown increases in scientific reasoning (Boddy et al., 2003).

While, historically, much of the research supporting the 5E
approach has been in the area of science teaching, calls for its
application within mathematics are increasing (Runisah et al.,
2016; Tezer & Cumhur, 2017). “The 5E instructional model can
help students move from understanding concrete experiences to
the application of principles. The model provides students with
opportunities to deeply and meaningfully recall what they already
know...the 5E instructional model is considered one of the best
approaches recommended for teaching within a constructivist

learning approach” (Omotayo & Adeleke, 2017, p. 16).

The 5E instructional model aligns with the research-based
practices outlined in NCTM'’s Principles to Action (2014)—in
particular, establishing goals to focus learning, implementing
tasks that promote reasoning and problem-solving, facilitating
meaningful discourse, posing purposeful questions, building
procedural fluency from conceptual understanding, and
supporting productive struggle. “Researchers recommend
that mathematics teaching is effective when students actively
participate in the learning process, so mathematics teachers
should not use explanatory teaching approaches but should use
reconnaissance, manual activities, and interactive group works
to encourage students to learn better. One of the approaches
where students participate in the active learning process is the
5E instructional model” (Tezer & Cumhur, 2017, p. 4791).
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HOW HMH GO MATH! DELIVERS

At each grade, the program’s Table of Contents builds out the
5E trajectory as an overarching framework for learning. Each
HMH GO Math! lesson is composed of the corresponding
five parts. While every classroom is unique, this framework
helps to organize small-group and whole-group instruction for

meaningful learning.

Building Procedural Mastery with the 5E Model

Every Go Math! lesson follows the same lesson design based on the 5E model of instruction.

a2

Whole Group
Engage

Spark children’s curiosity
with Engage to connect
prior knowledge to new
mathematical content.

\7
Small and Whole Group
Explore

In Explore, children build
an understanding of new
concepts through discovery
and make sense of
procedure using Listen

and Draw or Unlock the
Problem.

Math Talk questions
provide entry points for
mathematical discourse
that explores the new
concepts learned.

)

Small Group
Explain

In Explain, children apply
their new knowledge of
the lesson's mathematical
concepts using Share and
Show and On Your Own
problems, increasing their
conceptual understanding
as they build towards
procedural reliability.

Teachers can assess
differentiation needs,
providing support with
supplemental activities and
materials for Intervention,
Language Support, and
Enrichment.

Whole Group
Elaborate

The real-world problem
solving in Elaborate gives
children the opportunity
to develop a deeper
understanding of lesson
concepts by practicing
different solution methods.

Evaluate

Children summarize their
thinking in Evaluate by
connecting the | Can
statement to the lesson
objective. Practice and
Homework problems
support children's newly-
learned lesson skills in their
progression towards
procedural fluency and
automaticity.
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PROMOTING FLUENCY AND
AUTOMATICITY THROUGH
ONGOING PRACTICE

It is well established that automaticity—the capacity to deliver
a correct answer promptly from memory without conscious
thought or reliance on calculation (Stickney et al., 2012) is
essential for success in mathematics (Baker & Cuevas, 2018;
Dahaene, 1999; Hasslebring et al., 1987; National Mathematics
Advisory Panel, 2008; Poncy et al., 2007). Because humans’
cognitive capacity is limited and working memory has specific
constraints on how much information can be processed, the
ability to recall information quickly requires less cognitive
demand. Developing automaticity with basic mathematical
knowledge and skills frees up working memory to enable
increased understanding of concepts and boost problem-
solving (Pegg et al., 2005). Automaticity further promotes
advanced cognitive processes such as discrimination,
generalization, and adaptation (Skinner, 1998). “Information-
processing theory supports the view that automaticity in

math facts is fundamental to success in many areas of higher
mathematics. Without the ability to retrieve facts directly or
automatically, students are likely to experience a high cognitive
load as they perform a range of complex tasks” (Woodward,
2006, p. 269).

Automaticity is closely tied to both reliability and fluency.
“Certain procedures and algorithms in mathematics are so
basic and have such wide application that they should be
practiced to the point of automaticity. Computational fluency
in whole number arithmetic is vital. Crucial ingredients of
computational fluency are efficiency and accuracy. Ultimately,
fluency requires automatic recall of basic number facts” (Ball

et al., 2005, p. 3). Fluency also entails speed and accuracy (Lin
& Kubina, 2005). “Automaticity is a piece of fluency. Fluency is
the end goal and considered true mastery of the concept when
reached. Now connect these two terms to mathematics and we
develop the idea that students will develop automaticity first,
then fluency, and by doing this, they will develop a pattern

of sustained success in their mathematics career” (Baker &
Cuevas, 2018, p. 13).

Automaticity is a predictor of performance on general
mathematics tests (Stickney et al., 2012). As students progress
through increasingly complex math learning past single-

digit multiplication, calculations such as finding common
denominators when adding and subtracting fractions become
not just more difficult but also potentially prohibitive to the
learning itself. Without the ability to retrieve facts directly,
students are more likely to experience excessive cognitive
loads and produce work that is inaccurate (Baker & Cuevas,
2018). Automaticity also offers students affective benefits:
“Students who can respond automatically may have less
math anxiety and be more likely to choose to do assigned
mathematics work than those who cannot respond.... This is
critical because few if any skill development procedures are
likely to enhance skills unless students choose to respond

automatically” (Poncy et al., 2007, p. 29).

Academically low-achieving students, as well as those with
learning disabilities, experience considerable challenges

in developing automaticity in their facts. Such delays and
difficulties are apparent from the beginning of elementary
school, and students may fail to retrieve facts directly when
presented in isolation or when embedded in tasks such as
multidigit computations. Research involving primary-level
students indicates that students with learning disabilities are
more likely to rely on counting strategies than direct retrieval
when working single-digit fact problems (Woodward, 2006).
To develop fluency and automaticity, as well as conceptual
understanding and higher-level mathematical thinking,
students need ongoing and varied opportunities to respond
to and practice math tasks (Poncy, et al., 2007; Skinner, 1998).
The key is for students to have opportunities to rehearse
and practice strategies and procedures that solidify their
mathematical knowledge—and the type and quantity of
practice opportunities matters (NCTM, 2014).
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Research has well established that to develop students’
procedural fluency, teachers should offer opportunities for
meaningful, purposeful, targeted practice that are brief

and distributed over time, rather than rote and repetitive
(Baroody, 2006; Fuson & Beckmann, 2012/2013; Fuson,
Kalchman, & Bransford, 2005; Fuson & Murata, 2007; Issacs
& Carroll, 1999: NCTM, 2014; Russell, 2000). After students
have established a strong conceptual foundation and the
ability to explain the mathematical basis for a procedure

or strategy, they should practice with a small number of
carefully selected problems and receive ongoing feedback
on their progress (Rohrer, 2009). If students have memorized
and practiced procedures that they do not understand, they
have less motivation to understand their meaning or the
reasoning behind them (Hiebert, 1999).

When learning is not meaningful and is disconnected from
other knowledge, students have more difficulty absorbing
concepts; when students are able to connect procedures
and concepts, their retention improves and they are better
able to apply what they know in different situations (Fuson et
al., 2005). There are some mathematical skills which may be
best developed with practice in the context of a meaningful
examination of patterns and strategies (Fuson, 2009).
“Research indicates that discovering patterns or relations
facilitates mastery with fluency.... Focusing on structure,
rather than memorizing individual facts by rote, makes the
learning, retention, and transfer for any large body of factual

knowledge more likely” (Baroody et al., 2009, p. 70).
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Practice sessions should also interweave worked example
solutions with independent problem-solving, and as
students gain proficiency, the number of worked examples
should be decreased while the number of independently
solved problems increases (Pashler et al., 2007). Worked
examples—rather than just a greater number of practice
problems—have also been shown to be effective in helping
students learn to solve problems faster, perhaps because
these worked problems help to reduce students’ cognitive
loads and allow them to focus on the targeted learning
(Booth et al., 2013).



HOW HMH GO MATH! DELIVERS

Every lesson within HMIH Go Math! embeds ample opportunities for students to practice targeted
skills and problem-solving strategies, as well as to build fluency and automaticity. Students can use
full-color, write-in Student Editions as well as interactive digital practice with learning supports

that encourage perseverance and engagement. Games and activities offer additional engaging

experience with targeted mathematics content. |ndependent

Throughout the program, teachers are supported in helping students develop automaticity through
strategy-based approaches. Shaee and Show tasks provide opportunities for tudents to improve

and demonstrate understanding. Teachers can use the Quick Check to see if students are ready to

Practice

go on, or to determine how to best differentiate instruction. Options:

On Your Own problems independently build fluency once students understand the lesson’s

Practice and
Homework

concepts. Also included are Enrich and Reteach activities. Practice and Homework further aids * Lesson Check
automatic recall of facts to allow for more complex learning and processing. « Spiral Review
* Waggle
The program'’s Spiral Review problems, embedded within the student practice, help students recall
information taught in the past and solidify long-term retention.
Go Math! on Ed®, the HMH online learning platform, combined with Waggle® and the HMH Growth
Measure® solutions provide comprehensive and customizable skills-based practice that assesses
progress in real time. Waggle offers flexibility in and out of the classroom, engaging students
wherever they are on their learning journey.
Teachers can further leverage HMH Growth Measure to place children on personalized pathways or
choose the assignments that extend their instruction.
(AV ’® . . ®
nvi Go Math!® Learning Model with Waggle
© 45-minute instructional block for 1 day or 90 minutes for 2 days - --------------------roooooooe »
Engage Explore Explain Elaborate Evaluate Independent
2-3 rotations per week Practice
Direct Instruction
& Gul'ded Practice Independent Adaptive
Readiness: Practice Practice with Options:
« Daily Routines . . . ) Waggle Options: )
. Direct Instruction Direct Instruction ~ . + Practice and
* Access Prior & Guided Practice & Guided Practice ? R % + | Can Reflection Homework
Knowledge + Explore « Share and S e * Exit Ticket « Lesson Check
Engagement: Problems Show 3 < + Journal Writing - Spiral Review
+ 1Can 3 15-20 min. .
Objective <) e Waggle
« Learning Q
Activity
Guided Collabgrutive
Practi roups
5 min. 10-15 min. 5 min. ractiee P 5 min. 5-10 min./day
° °

\ | Data insights from Growth Measure and program assessments

RESEARCH FOUNDATIONS: EVIDENCE BASE, HMH GO MATH!

13



14

EMBEDDED LANGUAGE

DEVELOPMENT

Multilingual learners are the fastest-growing student
population in the United States, representing about 4.5
million or nearly 10% of overall enrollment in public schools
during the 2013-14 academic year (Grapin, 2019; NCES,
2016). The description “multilingual learner” applies

to all students who regularly interact with languages

other than English, including but not limited to those
commonly referred to as English language learners (ELLs).
“Multilingual learners come from a wide range of cultural,
linguistic, educational, and socioeconomic backgrounds
and have many physical, social, emotional, experiential,
and/or cognitive differences. All bring assets, potential,
and resources to schools that educators must leverage to
increase equity in standards-based systems. Increasing
avenues of access, agency, and equity for all multilingual
learners—including newcomers, students with interrupted
formal education (SIFE), long-term English learners (L-TELs),
students with disabilities, and gifted and talented English
learners—requires educators to be knowledgeable, skillful,

imaginative, and compassionate” (WIDA, 2020, p. 18).

The 2020 Edition of the WIDA® English Language
Development Standards Framework for K-12 supports the
design of standards-based educational experiences that

are student-centered, culturally and linguistically sustaining,
and responsive to multilingual learners’ strengths and
needs. Among the overarching principles of the WIDA ELD
Standards is the integration of content and language, an
approach to language instruction that is made more explicit
and specific in the 2020 edition. Historically for WIDA,

the integration of content and language has roots in the
recognition that multilingual learners develop academic
content and language concurrently and in the context of one
another. The WIDA 2020 Standards’ integration of content
and language for multilingual learners promotes students’
understanding of connections between content and
language, meaning-making within and across content areas
or disciplines, and interaction with each other in challenging
content activities, as well as coordination of design and

delivery of curriculum, instruction, and assessment.
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With regard to how language is used in content-area
learning, the 2020 edition of the WIDA ELD Standards
emphasizes multimodality, the use of multiple means

of communication. Effective approaches to this form of
language development are intentionally designed and have
students generating products from the multimodal process
that are imbued with meaning (Grapin, 2019). “Multimodality
is inherent to and essential for how students make meaning
and engage in disciplinary practices. All students are able to
both interpret and express ideas with greater flexibility when
using multimodal resources, including multiple languages.
Multimodality allows all students to use multiple means to
engage, interpret, represent, act, and express their ideas

in the classroom. For example, as students read, they also
might refer to illustrations or diagrams, and as students
write, they might also represent their ideas numerically or
graphically” (WIDA, 2020, p. 19).

When students write about and discuss math concepts, they
have the chance to think through, defend, and support their
ideas. A review of studies conducted by NCTM revealed
that “the process of encouraging students to verbalize their
thinking—by talking, writing, or drawing the steps they used
in solving a problem—was consistently effective (Gersten

et al., 2007, p. 2). Two National Research Council reports—
Adding It Up (2001) and How Students Learn: Mathematics
in the Classroom (2005)—emphasize discussion as a way to

increase students’ mathematical understanding.

Per NCTM (2000), “Communication is an essential part of
mathematics and mathematics education.... Communication
can support students’ learning of new mathematical
concepts as they act out a situation, draw, use objects, give
verbal accounts and explanations, use diagrams, write, and

use mathematical symbols” (pp. 59-60).



Supporting multilingual learners in developing the language
of math is especially critical. Janzen’s 2008 review of research
on teaching English language learners in mathematics shares
that while many perceive that math is easier for ELLs to learn
because it involves numbers, mathematics actually presents
specific language challenges to this student population.
Similarly, working in a transitional language classroom led
researchers Bray et al. (2006) to conclude that as students
“communicate verbally and in writing about their mathematical
ideas, they not only reflect on and clarify those ideas but also
begin to become a community of learners” (p. 138). When
introducing academic words to English language learners’
expressive vocabularies, students respond best to classrooms
that offer predictable routines and frequent, comfortable
opportunities to express what they have learned (Feldman &
Kinsella, 2008).

An effective strategy for fostering mathematical language
skills and sense-making is the “Three Reads” protocol, as
recommended in Routines for Reasoning (Kelemanik et al.,
2016). This teaching strategy has students read a complex
word problem or task three times, each with a distinct goal. In
the first read, the teacher reads the problem stem orally with
the purpose of helping students understand meaning and
context. In the second, students engage in a choral or partner
read with the goal of understanding the math. The third and
final read serves to elicit inquiry through question generation
and resolution. This process deepens students’ linguistic and
mathematical development by focusing on authentic text and
textual clues, in addition to applying mathematical thinking

and strategies.
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HOW HMH GO MATH! DELIVERS

HMH GO Math! provides print and online resources based
on WIDA-aligned support levels to create an inclusive,
equitable classroom with point-of-use support for teachers
to meet the needs of all students, including multilingual
learners. Each Teacher Edition contains strategic planning
guides as well as chapter-level, lesson-level, and point-of-use

language support.

A Planning for Instruction chart at the start of each chapter
helps teachers determine students’ current WIDA levels and

ways to best assess and meet individual needs.

Strategies for
Multilingual Learners

9 e concepts can be done by listening,
speaking, reading, and writing. The level of support a student needs determines how best
to assess. 2 of and will help meet the
needs of all your students.

Planning for Instruction

Moderate
(WIDA Levels 2 & 3)*

Language Support Substantial Light
DELARLE (WIDA Level 1)* (WIDA Levels & 5)*

« uses a variety of
sentences

« uses single words « uses single words

Student’s Use of

Language « uses common short « uses some academic
phrases. vocabulary * uses academic vocabulary
« heavily relies on visual | « reles on visual supports | = benefits from
supports and use of and use of manipulatives | visual supports and
manipulatives manipulatives
Ways to Assess | L © L L
Understanding pictures, words, or phrases | categorizes, or sequences | conclusions and makes
information based on connections based on

10 answer questions
Speaking: answers yesino
questions

Reading: matches symbols
o math terms and
concepts.

visuals what they heard
Speaking: begins to Speaking: explains and
explain reasoning, asks | justifies concepts and
math questions, repeats | solutions

explanations from peers

Reading: identifies
important information to
solve a problem

Reading: understands
Writing: draws a visual izt
representation of a G
problem Writing: completes
sentences using some.

Writing: uses simple
academic vocabulary

sentences and visual
representations

* For more information on WIDA Standards,visit their website at
hitos wida wisc.edul

« Log on to ED to find additional multilingual
activities and Vocabulary Cards

(@) * Look forsurategies throughout the fesson to
support multilingual learners,

57G GoMath! Grade 3

Multilingual learners are aided in their academic success and
language development when they learn key mathematical
vocabulary embedded within lessons. Go Math! includes
Language Routine Differentiations and Possible Student
Work as a guidance for assessing student’s understanding

of mathematical concepts based on their current language
proficiency levels. Language Routines provide opportunities
for students to explore and understand mathematical
language and concepts through listening, speaking, reading,
and writing activities, as well as to engage in mathematical
discourse and reasoning. The program'’s approach to
language development also features the Three Reads
protocol and emphasizes Critique, Correct, and Clarify,

Stronger and Clearer Each Time, and Compare and Connect.
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In This Chapter

Key Academic Vocabulary

Current Development + Vocabulary
array, Commutative Property of Multiplication. equal groups, factor, Identity Property of Multiplication. multiply,
product, Zero Property of Multiplication

Using Language Routines to Develop Understanding

Language routines provide develop an
() el maiase s ot by g asin.rain, s, ore
information on these language routines can be found on the Language Support Cards
Stronger and Clearer Each Time
1 Students show their thinking with math tools and visuals.
a partner or 3 group.

2 g and receive
3 Students revoice feedback and revise their work,

Language Substantial Moderate Light
Support (WIDA Level 1)* (WIDA Levels 2.8 3)* (WIDA Levels 4 & 5)*
Language | 1 Students canshow their | 1 Studentscan show their | 1 Students can show their

Routine thinking using visuals and/or | - thinking using words and/ | thinking using words and
Differentiation | Manipulatives. or visuals visuals.
2 Students can answer yesino o | 2 Students can verbally 2 Students can use
questi their «
about their reasoning. Allow partner or group using verbally communicate
students to ely heavily on Visual representations to | with their partner or
heir visual representations. | supporttheir reasoning group.
3 Students revise theirwork | 3 Students repeat feedback | 3 Students revoice feedback
based on feedback. and revise their work and revise their work.
Possible
Student Work | same number of counters? yes | combinations of counters. | equations for 24 with one

Say: Write two number factor left blank

sentences for each set of

Ask: How do you know?
Say: Complete each

Have students show | Student: | can count the
24inequal groups | counters in each group. counters, equation to show equal
USINGCOUNMETS. | Aqk: How can you write what | SUUdENTS write a multplication | 970UPS of 24

] and repeated addition Ask: How do you know?

sentence for each group.
Ask: What does each number
sentence show?

Student: Different ways to
show equal groups of 24,

Student: | can use counters
10 show groups, and then
add the counters. | can write
addition number sentences
1o prove the multiplication
equations

Student: 124+ 120r2x 12
Ask: How many in all?
Student: 24

Repeat with other equal groups.

* For more information on WIDA Standards, vist their website at
hitpsiwida wisc edul.

Chapter2 S7H

Language support is embedded throughout instruction and
is provided via teacher-led small group instruction, which
incorporates the program'’s Tabletop Flipcharts targeted
toward multilingual learning. The program also includes

a Glossary within Student Editions. Plus, an Interactive
Glossary and a 10-language Multilingual Glossary are

available online.

m Multilingual Support

STRATEGY: Frontload

Have students follow in their book as you read a word problem

aloud.

¢ Ask questions to help students figure out how to draw a model to
help them with the process of solving a word problem.

* After you have helped students draw a model, put them in pairs
and have them discuss their model with a partner.



COHERENT LEARNING

PROGRESSIONS

Effective mathematics programs feature curricula that

develop important mathematical concepts along coherent,
meaningful learning progressions. The curricula should also
foster connections among areas of mathematical study and
between mathematics and the real world. In its expansive
research in mathematics teaching and learning, NCTM (2014,
2020) promotes the idea that “[m]athematics teachers need to
have a clear understanding of the curriculum within and across
grade levels—in other words, student learning progressions—
to effectively teach a particular grade level or course in the
sequence” (NCTM, 2014, p. 72).

It is important to note that learning progressions are not
standards. Standards are statements about what experts
indicate students should know and be able to do. In contrast,
learning progressions describe the typical ways students think
about a topic and articulate the stages students move through
as their understanding develops, which in turn determines

the types and levels of tasks that students can be expected to
perform at a point in time and what that performance looks
like (Kobrin & Panorkou, 2016; Heritage, 2013; Saez et al.,
2013). Learning progressions are a “carefully sequenced set of
building blocks that students must master en route to a more
distant curricular aim. The building blocks consist of sub skills

and bodies of enabling knowledge” (Popham, 2007, p. 83).

Because math learning occurs sequentially by building on
previous learning and developing in sophistication, part of
a discussion of content in mathematics must address the
idea of sequence or progressions that promote for students
a view of the curriculum as a broader learning process with
defined goals for learning. A coherent, cohesive approach
to mathematical concepts and procedures is essential to
developing deep understanding (NCTM, 2020). Teachers
should support learners as they build on what they know,
develop more complex understandings, and realize that
mathematics is not a set of discrete parts—it is coherent and
connected (Fosnot & Jacob, 2010; Ma, 2010).

“[L]earning progressions can be leveraged in mathematics
education as a form of curriculum research that advances a
linked understanding of students learning over time through
careful articulation of a curricular framework and progression,
instructional sequence, assessments, and levels of sophistication

in student learning” (Fonger et al., 2018, abstract).

A coherent math curriculum is sequenced within and across
grade levels in a way that best reflects the hierarchical and
logical structures of mathematics (Schmidt et al., 2005).
Beginning in elementary school and continuing throughout
their mathematics education, students must develop
understanding and use of the “big ideas” that represent
overarching concepts, as well as specific mathematical
reasoning processes essential across domains (Cross et al.,
2009). Charles (2005) defines a “big idea” in mathematics
as "a statement of an idea that is central to the learning

of mathematics, one that links numerous mathematical
understandings into a coherent whole” (p. 10). In terms of
content, research suggests that for the youngest children,
developing a thorough understanding of number and of
geometry and spatial measurement are developmentally
appropriate and especially crucial to supporting later study
(Cross et al., 2009).

An essential element in a focused, coherent progression of
mathematics learning is an emphasis on proficiency with key
topics (National Mathematics Advisory Panel, 2008). To help
students build proficiencies, “[d]epending on the learning
goals, and where students are in their learning progression,
there is a balance of methods that makes for high impact and

effective learning” (Hattie et al., 2017, p. 3).

In addition to improving instruction through the clarification of
instructional goals and criteria for success, learning progressions
also have the potential to increase the effectiveness of
classroom assessment (Moss, 2022). Defined learing
progressions allow teachers to pinpoint where on the trajectory
toward goals each student falls at a given point in time,

optimizing both instruction and assessment (Saez et al., 2013).
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HOW HMH GO MATH! DELIVERS

HMH GO Math! builds mastery of mathematical standards

and provides a focused approaching to developing

mathematical understanding, procedural skills, and fluency.

An emphasis is places on making connections among

concepts and skills as students move through carefully and

coherently sequenced learning progressions.

The program articulates learning progressions across grades

so that teachers and students recognize the coherence and

interconnectedness of topics.

ACROSS THE GRADES

After

e Students add whole numbers with sums
up to 100 with procedural reliability.

e Students subtract two whole numbers
both less than 100 with procedural
reliability.

e Students explore the addition and
subtraction of whole numbers within
1,000.

e Students will add and subtract multi-digit
whole numbers including using a standard
algorithm with procedural fluency.

e Students will explore the addition and
subtraction of multi-digit numbers with
decimals to the hundredths.

RESEARCH FOUNDATIONS: EVIDENCE BASE, HMH GO MATH!




MATHEMATICAL
KNOWLEDGE AND
TEACHING
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“An excellent mathematics program requires effective teaching that engages students in meaningful learning through
individual and collaborative experiences that promote their ability to make sense of mathematical ideas and reason
mathematically” (NCTM, 2014, p. 7). The most effective instructional programs will build on children’s intuitive
mathematical thinking and use that initial understanding to help children learn to solve problems, employ strategies,

and engage in mathematical thinking (Carpenter et al., 2015).

Effective teaching and its development of students’ mathematical knowledge are the driving forces behind powerful
mathematics instruction and deep understanding. Research continually demonstrates that mathematics learning
should be focused on engaging students in instructional tasks and interactive practices that promote reasoning,
problem-solving, and discourse—all with the aim of fostering understanding of mathematical concepts and procedures
(NCTM, 2009, 2014; NRC, 2012).

HMH GO Math! empowers teachers by providing them with the tools, resources, and professional learning they need to

improve outcomes and create an engaging classroom culture that utilizes evidence-based best practices for instruction.

MATHEMATICAL KNOWLEDGE AND TEACHING
Mathematical Thinking and REASONING......ccviiiiiiiii e
Using Mathematical Models and Representation to Support Exploration
Procedural RelIability.......cui i
ProcedUural FIUBNCY ...ttt
Communicating Mathematically ...........ccoiiiiiii e
Developing Mathematical Habits of Mind..............cococoiii
Teaching for Depth ...
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MATHEMATICAL THINKING

AND REASONING

“[Slolving a problem means finding a way out of a difficulty,
a way around an obstacle, attaining an aim which is not
immediately attainable” (Polya, 1965, p. ix). Problem-
solving is an engrained and essential process within human
experience. In the discipline of mathematics specifically,
activities such as formulating problems and assessing the
reasonableness of various approaches to their solutions is
central to the development of skills and knowledge (Santos-
Trigo, 2020). The most effective instructional programs will
build on children’s intuitive mathematical thinking and use
that initial understanding to help children learn to solve
problems, employ strategies, and engage in mathematical
thinking (Carpenter et al., 2015). Additionally, early
childhood and elementary math education should build a
strong foundation of deep understanding, with an emphasis

on sense-making and reasoning (NCTM, 2020).

Task selection is a critical aspect of supporting elementary
students’ reasoning and understanding in mathematics—
and among the key features of effective instructional tasks
are that they be challenging and connective and as well as
open to multiple representations and multiple strategies

for solutions. Tasks that consistently encourage high-level
student thinking and reasoning (versus those that are
routinely procedural) yield the greatest learning; and tasks
of higher cognitive demand are necessary when promoting
reasoning and problem-solving in the mathematics classroom
(Childs & Glenn-White, 2018; Francisco & Maher, 2005;
Hiebert et al., 1996; Mueller et al., 2014). “Effective teaching
of mathematics engages students in solving and discussing
tasks that promote mathematical reasoning and problem
solving and allow multiple entry points and varied solution
strategies” (NCTM, 2014, p. 17).
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Students learn best when what they learn is relevant and
meaningful. Connecting problem-solving tasks to real-world
contexts and applications improves perceptions of the
content as interesting and beneficial, thereby increasing
motivation to learn (Czerniak et al., 1999; Verschaffel

et al., 2020). Students at all levels need to connect the
mathematics they are learning to the world around them
(Alberti, 2013), but research shows this to be particularly
necessary for students historically underrepresented
within STEM education and careers (Jackson et al., 2021;
Wieselmann et al., 2020) and for advanced learners
(VanTasselXBaska & Brown, 2007). “When instruction is
anchored in the context of each learner’s world, students
are more likely to take ownership for...their own learning”
(McREL, 2010, p. 7). Further, connecting mathematics to
science, social studies, and business topics can increase
students’ understanding of and ability within mathematics
(Russo et al., 2011).

In their study of mathematics learning in early childhood,
Cross and colleagues (2009) concluded that to effectively
foster students’ conceptual understanding, teachers must
include four key elements or opportunities within their
teaching and learning activities: analyzing and reasoning;
creating; integrating; and making real-world connection.
“Our findings suggest that if teachers purposefully and
persistently practice higher order thinking strategies

for example, dealing in class with real-world problems,
encouraging open-ended class discussions, and fostering
inquiry-oriented experiments, there is a good chance for a
consequent development of critical thinking capabilities”
(Miri et al., 2007, p. 353).



Engaging students in problem-solving tasks allows them

to actively construct mathematical understandings more
deeply and with greater meaning than when teachers present
information to students and have them carry out procedural
exercises (Masingila et al., 2018). Additionally, having students
engage in problem-solving before direct instruction and learn
from their failed problem-solving attempts has been linked

to significantly greater conceptual understanding as well as
transfer of knowledge to novel problems (Kapur, 2010 & 2014).
Judging the reasonableness of their computational results

is pivotal for students to understand mathematical concepts
(Yang & Sianturi, 2019). Mueller and colleagues (2014) studied
specific teacher actions that encouraged students to take
responsibility for their mathematical problem-solving and
assume roles that might otherwise be expected as the teacher’s
responsibility, such as determining if solutions to a problem
are correct, evaluating the reasonableness of arguments, and

posing questions.

“Rather than correcting students’ errors, the teachers charged
the students with considering the reasonableness of solutions.
Students were not praised for correct solutions; rather, all
solutions were considered and students were afforded the
opportunity to defend and/or modify their arguments. A result
was that the learners were comfortable judging their own
solutions and those of their peers, and learned that they could

determine the validity of a mathematical argument” (p. 16-17).
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HOW HMH GO MATH! DELIVERS

HMH GO Math! cultivates mathematical thinking and
reasoning skills and mindsets throughout the program via both
engaging student activities and teacher support. This includes
emphasis on real-world application of problem-solving as well
as on mathematical practices and processes. Students are

guided through multi-step problem-solving tasks.

1 MATH in the

Use the following clues to find the maximum seating capacity

of a baseball stadium.

¢ The 5-digit number has a 4 in the greatest place-value
position and a 1 in the least place-value position.

¢ The digit in the thousands place has a value of 3,000.

¢ The digit in the hundreds place is twice the digit in the
thousands place.

e There is a 5 in the tens place.
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USING MATHEMATICAL MODELS
AND REPRESENTATION TO
SUPPORT EXPLORATION

Because mathematics entails the use of signs, symbols, and
diagrams to represent abstract notions and study spatial
aspects, as well as because the nature of the subject is often
invisible and intangible, visualization is integral to learning
and teaching mathematics (Presmeg, 2020; Bobis & Way,
2018; Stylianou, 2011). Additionally, mathematics is a tool for
understanding present and future real-world problems; this
has led to modeling becoming an important part of preparing

students for advanced study and careers (Abassian et al., 2020).

A wide body of research supports the use of physical

and imagistic models, manipulatives, and other such
representations in the mathematics classroom; such
representations help make abstract concepts more concrete
as well as aid in internalization of procedures for problem-
solving, increased creativity, greater metacognition, and
students’ more active participation in their own learning—all
of which contribute key elements for impactful mathematical
exploration. Indeed, the abstract nature of mathematics means
that people have access to mathematical ideas largely or often
only through the representations of those ideas (Carbonneau
et al., 2013; Cross et al., 2009; NCTM, 2000 & 2014; NRC,
2001; Stylianou, 2011). “For students to understand such
mathematical formalisms, we must help them connect these
formalisms with other forms of knowledge, including everyday
experience, concrete examples, and visual representations.
Such connections form a conceptual framework that holds
mathematical knowledge together and facilitates its retrieval
and application” (Donovan & Bransford, 2005, p. 364). The
positive effects of manipulative use in math instruction extend

to digital tools as well as physical objects (Bouck & Park, 2018).

Mathematical representation is commonly thought to be

a product—a picture or a set of symbols students make to
demonstrate understanding; however, representation in math
learning is also an essential process. Students’ diagrams and
symbolism evolve dynamically over the course of problem-
solving and aid thinking and the construction of understanding

in highly personal ways (Stylianou, 2011).

When students sketch or visually organize their mathematical
thinking, they are able to explore their understanding of
concepts, procedures, and processes—and communicate
mathematically (Arcavi, 2003; Stylianou & Silver, 2004).
Having students then participate in discussions about their
representations allows for meaningful learning (Fuson &
Murata, 2007).

A trajectory that progresses students through instruction
aiming to develop first concrete, then representational or
pictorial, and then, ultimately, abstract understanding—also
known as CRA or CPA—has long been widely practiced within
the field of mathematics education. The theoretical basis of
the framework derives from Bruner (1966), who proposed

that the learning sequence of a new mathematical concept
begins with concrete actions undertaken or with concrete
objects (enactive), which is then translated into perceptual
images of the experience formed (iconic), subsequently
leading to the adoption of the mathematical symbol. The
three phases of CRA typically entail use of concrete materials
(such as blocks, tiles, cubes, base ten blocks, fraction strips,
etc.), then two-dimensional written/pictorial representations
and notations (including circles, dots, etc.), and finally
abstractions in the form of symbols, numbers, equations, and
algorithms; this research-based approach has been shown to
generate meaningful connections, foster fluency, and support
conceptual understanding of mathematics (Flores, 2010).
Empirical research indicates that the CPA model is an effective
way for students to develop understanding of mathematical
concepts, computations, operations, and reasoning (Leong

et al.,, 2015; Salingay & Tan, 2018). This is particularly true

for students who are at-risk or have mathematics difficulties,
mainly because it moves gradually from actual objects through
pictures and then to symbols (Agrawal & Morin, 2016; Flores,
2010; Sousa, 2008).
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A key element within the CPA approach is the effective

use of manipulatives within explicit instruction focused on
developing conceptual understanding. During exploratory
learning, manipulatives offer a systematic way to integrate

the use of devices and pictorial representations into explicit
instruction designed to teach important concepts and move
students through a concrete-representation-abstract teaching
sequence (Miller & Hudson, 2007). Interaction with concrete
materials such as manipulatives enhances student retention

of procedural steps and strategies in mathematical problem-
solving. Concrete materials allow students to encode and
retrieve information through a variety of sensory experiences—
visual, auditory, tactile, and kinesthetic—that reinforce learning
(Witzel, 2005). "When used in comprehensive, well-planned,
instructional settings, both physical and virtual manipulatives
can encourage students to make their knowledge explicit,
which helps them build Integrated-Concrete knowledge”
(Sarama & Clements, 2016, p. 71).
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Visual representation has shown to improve student
performance in general mathematics, pre-algebra,

word problems, and operations (Gersten et al., 2009).
Representations bolster intuition and understanding (Blatto-
Vallee et al., 2007) and can help students to communicate,
reason, problem-solve, connect, and learn (Hill et al., 2014).
Researchers have concluded that visualization is a powerful
problem-solving tool and can be helpful in all kinds of
mathematical problems, not only geometric problems (Van
Garderen, 2006). Representations, models, and manipulatives
are important in math learning for all students, but significant
research indicates that younger students and those who have
special needs or are multilingual or those having difficulty
grasping abstract mathematical concepts especially benefit
from visual representations of mathematical ideas, including
physical objects they use or actions they perform when trying
to solve problems (Agrawal & Morin, 2016; Bouck & Park,
2018; Miller & Hudson, 2007; NRC, 2001; Riccomini et al.,
2022).



HOW HMH GO MATH! DELIVERS

HMH GO Math! provides ongoing opportunities for students In HMH GO Math!, students have access to manipulatives

to engage with manipulatives and visual representations, for hands-on exploration, as well as digital manipulatives
including both images provided and drawings constructed by to supplement and extend that exploration. Both concrete
students, to facilitate and stimulate exploration of mathematics and digital manipulatives support them in making sense of
as well as to make abstract concepts concrete. The program situations, solving problems, and checking their reasoning.
makes concrete learning available to students at every level on Manipulatives are included within Grab-and-Go® kits, which are
an ongoing basis to support their conceptual understanding designed to support differentiated instruction and are tailored

wherever it falls on the concrete-representational-abstract to meet the needs of each student as they develop procedural

progression—and without pushing students toward abstraction

before they have a solid foundation.

The Listen and Draw and Unlock the Problem tasks are
carefully crafted to promote reasoning and problem-solving.
Students can solve these tasks using different strategies. These
low-floor/high-ceiling tasks give every student an entry point
to be successful and build understanding within activities

that reflect real-world situations. During these low-floor/high-
ceiling tasks, students use their prior learning and choose
manipulatives and models. Teachers provide just-in-time

support supplied from within program content.

HMH GO Math! provides opportunities for students to choose
manipulatives and tools to make sense of mathematics and
express relationships. Flexible concrete and digital tools help
students connect concepts to procedures and adapt their
representations to different mathematical contexts. By seeing
how students choose tools and which tools they choose,

teachers also gain insight into the connections they’re making.

skills and conceptual understanding.

Grab® Go!

Version 2.0
Differentiated Centers Kit

Classroom Manipulatives Kit

Hands-on materials for modeling
and understanding

The online experience also includes access to digital
iTools to help students build conceptual understanding
from a young age, with activities involving counters,
base ten blocks, fractions, and more.

Lo 1.4
@ Explore Model and Draw
; [ —
Listen and Draw () A

reasoning

Read the following example
Sebastion has 243 yellow blocks. How many
hundreds, tens, and ones are in this number?

Write 243 on the board. Have children write.

243 in the first place-value chart and draw a

quick picture.

« How do you use the pl
draw a quick pict

Write 423 on the board. Have children write.
423 in the second placevalue chart and draw
a quick picture.

Y T——
et Tl o s o crien's

understanding of place value in
3digit numbers

way of showing a number as a sum of ts place

« How many hundreds blocks, tens blocks,

26 ot a2

N ]
N | E

|

in the model?

2 huncreds blcks, 4 tens bk, and 7 ones blcks

Model how to write the number 247,

« How can you show the number as the sum
of the values of the digits? 200 + 40

© Explain

Share and show [

Problems 1-3 connect to the learning model.
« In Problem 1, what digit will you write in
the ones column of the chart? Explain.
i write O because thee are o one

] rcbles for Quick Check
1| Chitrenshouid s tht Mothpoards o show

o] 1| eromswrs o tese promiems.

[o] 239 ¢

200 +_30 +_4a

@ Quick Check [TS5

D Multilingual Support
STRATEGY: lustate Understanding
Chidren can demonstrate their understanding of numbers and place
Value by rawing rather han by using angusge
+ Says have a number with 2 hundreds, 5 tens, and 6 ones.
 Have children draw  quick pcture o show the number.

I

+ Whats the number? 25 Have children write the number below
the picture.

°
o
°
a
o0
+ Repeat the actvity with the number 307.

25 GoMath! Grade 2

Ready for More

« Have partners work together to find the

+ eteach 1.4

Kineiic + Waggle
D | S s s

Common Errors.

number that matches these three clues. 506

Error Chidren may not write 035 2
placeholder

« Give each child an index card. Ask each partner
<o write a set of clues similar to those in the
example.

* Have partnrs axchange clues and id thei for a place-val

partner's
L

Springbos Have chidren

focus on witing a it in each column of

the place-value chart. I there are no blocks
lue posion, chidren should

) record 3 0 n tht ace Bl ht 2

number has a hen it must
aks0 have a tens digit and a ones digit

Chapter 1+ Lesson 4 26
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PROCEDURAL RELIABILITY

“[Ploor accuracy and fluency in second grade is a harbinger
of slowed development of strategies for the complex
arithmetic problems children encounter in second, third,
and fourth grades and an increased likelihood of poor
performance in later elementary school mathematics” (Carr
& Alexeev, 2011, p. 629).

According to a skill mastery hierarchy established by Haring
and Eaton (1978, in Poncy et al., 2007), the first stage in
learning a new skill focuses on enhancing response accuracy.
Because developing the ability to respond accurately is the
first step to skill mastery, procedures designed to enhance
accuracy can impact subsequent stages of skill development,
which include fluency, generalization, maintenance, and
adaptation. Poncy and colleagues’ 2007 research into skill
acquisition across various theoretical perspectives, such as
cognitive processing, response effort, reinforcement, choice,
opportunities to respond, and math anxiety, also suggests
that increasing students’ accuracy and speed of accurate
responding to basic math facts is crucial for developing

and mastering more advanced math skills. However, their
research also suggests that when students are instructed to
rely on using time-consuming multistep strategies for solving
basic math facts (e.g., finger counting), the same strategies
may interfere and possibly even prevent students from
learning to solve basic math facts automatically (Hasselbring
et al., 1987; Pellegrino & Goldman, 1987; Woodward, 2006).
It appears that even working with manipulatives—commonly
and effectively used at the lower elementary level to develop
conceptual understandings—does not necessarily yield
significant gains in children’s accuracy (Grupe & Bray, 1999;
Clements & Sarama, 2016).
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Students’ computational fluency and answer accuracy
influence their strategy development and mathematics
competency. When solving simple arithmetic problems,
insufficient fluency in answer retrieval slows the transition
from manipulative-based strategies to cognitive-based
strategies (Carr & Alexeev, 2011).

Research by Poncy et al. (2007) shows that several
instructional models can increase accuracy and automatic
responding to basic mathematics facts (Garnett, 1992;
McCallum et al., 2004)—and that these procedures produce
high rates of active academic responding that can increase
both speed of responding and maintenance, provided that
the responses are accurate (Skinner et al., 1989). A key
similarity among these procedures is that students should
be provided with immediate performance feedback and
reinforcement, which can prevent students from practicing
errors (Skinner & Smith, 1992).

It is beneficial to embed the enhancement of students’
mathematical accuracy within teaching procedure and
strategies, as this facilitates both procedural reliability and
strategy application; teaching students strategies that can be
applied across many problems (such as using a number line
to enhance addition accuracy) may be an efficient, effective,
recursive means of enhancing accuracy across math facts
(Poncy et al., 2007). Such procedures may additionally
foster and reinforce students’ conceptual understanding of
the target task and related concepts (Garnett, 1992;

Poncy et al., 2007).



HOW HMH GO MATH! DELIVERS

HMH GO Math! provides distributed, ongoing practice
opportunities that promote reliability in problem-solving
throughout the program sequence as well as in Practice and
Homework. The program also supports teachers in anticipating
common errors students make so that they can effectively

redirect learning.

Common Errors

Error Students find the incorrect addition or
subtraction value when defining a rule.

Example In Activity 2, students
compare the first and second terms,
1and 4, and define the rule as Add 4.

Springboard to Learning Remind students
that the number they need to find is the
number you add or subtract to get from one
term to the next. Have students circle the
first term on the addition table and count
the number of squares it takes to get to the
next term.
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PROCEDURAL FLUENCY

"Effective teaching of mathematics builds fluency with
procedures on a foundation of conceptual understanding so
that students, over time, become skillful in using procedures
flexibly as they solve contextual and mathematical
problems” (NCTM, 2014, p. 42). Conceptual understanding
is knowledge of abstract and general principles, whereas
procedural understanding is knowledge of the steps or
actions between a goal that is then applied with varying
degrees of fluency (Rittle-Johnson et al., 2015). “We must
emphasize to parents, teachers, counselors, administrators
and students that the goals of learning mathematics are
multidimensional and balanced: Students must develop

a deep conceptual understanding (why), coupled with
procedural fluency (how), but in addition they also need the
ability to reason and apply mathematics (when), and all while
developing a positive mathematics identity and high sense
of agency. All four goals are critical components of what it
means to be mathematically literate in the 21st century”

(Larson, 2017, online).

Procedural fluency is a critical component of mathematical
proficiency. One aspect is the “efficient, appropriate, and
flexible application of single-digit calculation skills” (Baroody,
2006, p. 22). However procedural fluency is about more than
memorizing facts or steps, it entails the following capacities:
to apply procedures accurately, efficiently, and flexibly; to
build and modify procedures as well as transfer them to
different problems and contexts; and to recognize when

one strategy or procedure is more appropriate to apply

than another. In developing procedural fluency, students
need experience integrating concepts and procedures and
understanding patterns among them. Students also need to
build on familiar procedures in the process of creating their
own informal strategies and procedures via opportunities to

support and justify their choices of appropriate procedures.
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To be mathematically proficient, students need a deep and
flexible knowledge of a variety of procedures, along with an
ability to make critical judgments about which procedures or
strategies are appropriate for use in particular situations—
and the goal for students developing procedural fluency is
to acquire a body of known facts and generalizable methods
that will allow them to efficiently and accurately solve varied
problems (Kling & Bay-Williams, 2014; NCTM, 2014; NRC,
2001, 2005, & 2012; Star, 2005).

Among math educators in the United States, a historical
tension has existed between understanding and fluency;

on one side is an emphasis on exploration facilitated by
sensory experiences with objects and open-ended activity,
and on the other is a focus on rote practice and worksheets
without attention to the construction of meaning. However,
as Fuson urges in addressing this divide (2009), students
learning math are best served by a balanced approach that
is child-centered within a teacher-guided structure based
on individualized pathways driven by students’ progress
and need and featuring a dual focus on both understanding
and fluency. "Procedural knowledge and conceptual
understandings must be closely linked” (NRC, 2005, p. 232)
and effective mathematics cannot have one without the
other, for concepts and procedures develop in tandem and
iteratively, with gains in one supporting gains in the other
(NCTM, 2014; Rittle-Johnson et al., 2015). When students
are able to connect procedures and concepts, and when
learning is meaningful, retention improves and students are
better able to apply what they know in different situations.
If students memorize and practice procedures without
conceptual understanding, they lack capacity to apply
procedures and the motivation to use them effectively (Fuson
et al., 2005; Hiebert, 1999).



To develop students’ fluency in procedures, teachers should
build on a foundation of conceptual understanding; support
students in looking for patterns; allow students to flexibly
choose among solution methods; and offer distributed
opportunities for purposeful, meaningful practice—not

rote, repeated practice (Baroody, 2006; Fuson & Beckmann,
2012/2013; Fuson et al., 2005; Fuson & Murata, 2007; Rohrer,
2009). Research has found that certain instructional routines,
many well established and commonly practiced, support
the development of mathematical proficiencies, including
conceptual understanding, strategic competence, adaptive
reasoning, productive disposition, and procedural fluency
(Berry, 2018).

Procedural fluency, in order to be meaningful, must also be
applied to contexts outside of the mathematics classroom.
Application is the purpose for learning math: We learn math so
we can use it in situations that require mathematical knowledge.
Any meaningful, motivational application of mathematical
knowledge draws on both conceptual understanding and
procedural fluency and provides a real-world, problem-based
context (Alberti, 2013; David & Greene, 2007; Cross et al.,
2009; Gaddy et al., 2014; NCTM, 2014).

Rittle-Johnson (2017) recommends three specific cognitive
activities within learning tasks that promote the development of
conceptual knowledge, procedural knowledge, and procedural
flexibility simultaneously. One of these is comparison:
comparing alternative processes for solving a problem as well
as comparing correct versus incorrect procedures in solving a
problem. Another is self-explaining: generating explanations

to make sense of new information as well as explanations of
solutions to math problems via in part by connecting new
information and explanation to background knowledge. Third is
exploration before instruction. Students who have opportunity
to solve an unfamiliar problem or devise their own formulas and
approaches to an unfamiliar problem in advance of receiving
teacher-directed instruction typically demonstrate more positive

gains and outcomes.

Ongoing, formative assessment is essential for teachers to
monitor and develop students’ procedural fluency skills;
however, the type of assessment is critical. Timed tests
commonly used to evaluate fluency have shown to be
detrimental to children’s fluency skills, and they are likely to
induce math anxiety; instead, interviews, observation, and
journals are more effective and supportive means of formative
assessment to determine students’ procedural fluency levels
(Kling & Bay-Williams, 2014).
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HOW HMH GO MATH! DELIVERS

HMH GO Math! problem-solving lesson tasks include
real-world problems to promote procedural understanding
and fluency. Teachers help students understand why the
procedures are efficient and how they can be applied to

solve similar problem types.

PATH TO FLUENCY e Activity

Identifying Patterns Within Patterns

Materials hundred chart, crayons

This activity provides students with an opportunity to
extend their understanding of patterns, and to connect
understanding of even and odd numbers with patterns
on a hundred chart.

Investigate Students will work with a partner to create
and identify patterns. Encourage students to be creative
in the patterns they choose.

¢ One student records the first five numbers of a pattern
by shading the boxes of the numbers on a hundred chart.
The other partner states the pattern, and then extends
the pattern as far as possible on the hundred chart.
Partners then analyze the pattern to see the relationship
of even and odd numbers to the pattern, and the
relationship of the digits within the pattern numbers.

For example, one partner might record the pattern 5,
16, 27, 38, 49. The second partner might identify the
pattern as add 77 and shade the boxes for 60, 71, 82,
and 93. Together, partners would see that numbers in
the pattern alternate between even and odd and
that the difference between the tens digit and ones
digit is first 5 and then increases to 6.

Students take turns providing the pattern and
identifying and extending the pattern. Students
might use a different color crayon to record different
patterns on the same chart.

Summarize Ask students how their patterns might
change if they started with a different number. Ask
how starting with an even or odd number might affect
the pattern.

~

Path to Fluency and Fluency Builder activities appear
throughout the program, and fluency and other skills are
developed via practice, homework, and games in Waggle.
Waggle provides additional personalized, adaptive practice
with standards- or skill-aligned content to build fluency and

mastery.

Fluency Builder
Materials blank number cubes

Mental Math Have students work in pairs using two
number cubes. Label the sides of one cube with 0, 1, 2, 4,
6, and 8. Label the sides of the other cube with 2, 3,4, 5, 7
and 9. Have students toss the cubes and quickly name the

sum of numbers.

S <>
8 4
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COMMUNICATING
MATHEMATICALLY

Research has long demonstrated that mathematical proficiency

is about far more than numbers; indeed, having students
communicate mathematically is an essential best practice

in math learning. Back in 2000, the National Council of
Teachers of Mathematics adopted a Communication Standard,
which notes that “the communication process also helps

build meaning and permanence for ideas and makes them
public” (p. 60). “Effective teaching of mathematics facilitates
discourse among students to build shared understanding

of mathematical ideas by analyzing and comparing student
approaches and argument” (NCTM, 2014, p. 10).

As with all fields of learning, mathematics has its own
language and, “like all language skills, learning the language
of mathematics is an important goal for all students and can
remove barriers to learning mathematical ideas” (Dacey et al.,
2013, p. 149). While it is essential that students learn math-
specific vocabulary, it is equally critical that students engage
with that terminology and broader mathematical concepts
through discourse. Mathematical discourse—speaking,
writing, or listening about mathematics—is an important

way for students to learn and make sense of mathematics;
such communicative exchanges provide access to ideas,
relationships among those ideas, strategies, procedures,
facts, and mathematical history, as well as foster deeper
understanding and positive attitudes toward mathematics
(Morgan et al., 2014; Leinwand & Fleischman, 2004; Michaels
et al., 2008; Smith & Stein, 2011).

“The teacher’s role in discussions is critical. Without expert
guidance, discussions in mathematics classrooms can

easily devolve into the teacher taking over the lesson and
providing a “lecture” on the one hand or, on the other, the
students presenting an unconnected series of show-and-tell
demonstrations” (Smith & Stein, 2018, p.4). Mathematical
discourse—speaking, writing, or listening about mathematics
via instructional practices such as restating, prompting, and
engaging in whole-class discussion, small-group discussion,
and paired conversations—is an important and effective

way for students to learn and make sense of mathematics.

Such communicative exchanges provide access to ideas,
relationships among those ideas, strategies, procedures, facts,
mathematical history, and more (Chapin et al., 2009) while also
promoting positive attitudes toward mathematics (Michaels et
al., 2008). “Students who learn to articulate and justify their
own mathematical ideas, reason through their own and others'
mathematical explanations, and provide a rationale for their
answers develop a deep understanding that is critical for future

success in mathematics” (Carpenter et al., 2003, p. 4).

Discourse within mathematics learning settings, especially
when marked by teachers’ encouragement that students
verbalize their thinking and understanding and their provision
of feedback to students on that shared verbalization, has
been shown to benefit students across grade levels in

their development of reasoning and problem-solving skills
(Humphreys & Parker, 2015). Classroom discussions can

be organized in ways that have been shown to support

the acquisition of mathematics concepts and language
development (Smith & Stein, 2018). Asking “why?” and “how
do you know?" is one strategy that effective teachers use to
encourage students to explain their thinking, solve problems,
and share mathematical strategies and ideas with their peers
(Clements & Sarama, 2004 & 2007; Thomson et al., 2005).

Discourse also provides teachers with rich assessment.
“Mathematical conversations provide opportunities for teachers
to hear regularly from their students and to learn about the
range of ideas students have about a particular mathematical
idea, the details supporting students’ ideas, the values students
attach to those ideas, and the language students use to express
those ideas. The knowledge teachers gain from engaging with
their students in conversations is essential for teaching for
understanding” (Franke et al., 2007, p. 237).
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A classroom in which meaningful communication and
discussion are primary vehicles for learning and in

which members co-construct and support one another’s
understanding is known as a “Math-Talk Learning
Community;"” within effective math-talk communities, teachers
shift from the traditional role of directing all learning to

one more like a coach or facilitator who promotes greater
student agency (Hufferd-Ackles et al., 2004 & 2015; Saylor
& Walton, 2018). “Math talk” conversations act as scaffolds
for students developing mathematical language because
they provide opportunities to simultaneously make meaning
and communicate that meaning (Mercer & Howe, 2012;
Zwiers, 2014). The frequency of teachers’ math talk has been
shown to correlate with students’ increased mathematical
knowledge (Klibanoff et al., 2006). “The informal and formal
representations and experiences need to be continually
connected in a nurturing ‘math talk’ learning community,
which provides opportunities for all children to talk about
their mathematical thinking and produce and improve their
use of mathematical and ordinary language” (Cross et al.,
2009, p. 43). "Math Talk” benefits students at different
levels of learning and in different contexts, including English
language learners (Hufferd-Ackles et al., 2004 & 2015). As
students in transitional language classrooms engage in math
talk, they “communicate verbally and in writing about their
mathematical ideas; they not only reflect on and clarify those
ideas but also begin to become a community of learners”
(Bray et al., 2006, p. 138).
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In a synthesis of empirical research examining writing used

in elementary and secondary math instruction conducted
over two decades, Powell et al. (2017) concluded that writing
should be implemented systematically and explicitly, with
appropriate scaffolds to support the development of math
communication skills as well as to assess understanding of
concepts and procedures. Writing during math instruction has
also been found to give students more confidence in their
math abilities, create more positive attitudes toward math, and
help students to understand complex math concepts (Taylor &
McDonald, 2007).

Writing can be effectively incorporated into the mathematics
classroom in a wide variety of ways, both formal and informal
(Urquhart, 2009). Researchers also cite journal writing as
having positive impacts on math achievement and affective
experiences and perceptions of math learning (Page & Clarke,
2014), as well as to aid the development of reasoning, sense-

making, and discourse (Yow, 2015).



HOW HMH GO MATH! DELIVERS

In addition to lesson-level embedded, strategic

Language Support, HMH GO Math! provides activities
throughout that promote mathematical communication
through writing, listening, and speaking. These include

enrichment opportunities.

The program cultivates a Math Talk community with prompts
embedded in each lesson, as well as Language Routine Cards
to facilitate communication skill development and meaningful
discourse among students. Math Talk activities build
proficiency and confidence while promoting mathematical
discourse. Math Talk prompts foster mathematical thinking and

reasoning skills and habits within each lesson.

Q Look for and make
MP
use of structure.

Explain why you can use
multiplication to check division.

PROFESSIONAL
oevetorment MIATH TALK IN ACTION

Teacher: Why do you compare the digit to the right of
the rounding place to 5?

Mariah: It tells you if you have to change the digit.

hundred. What digit do you compare to 5?

Mariah:  Look at the digit to the right of the 4. Compare
2 to 5 to see if the number is closer to 400 or
500.

Teacher: Is 427 greater than or less than 450?

Melinda: Less than 450, so 427 is closer to 400. | would
round it to 400.

The class is discussing why 5 is a benchmark for rounding. Nic:

Teacher:  Suppose you want to round 427 to the nearest Deanna:

Teacher:

Oh, | get it. When rounding to the nearest
hundred, deciding if the number to the right is
greater or less than 5 is the same as deciding if
it is greater or less than the number halfway
between. The 5 stands for 50!

If you round to the nearest 100, 5 stands for 50,
so you are deciding if the number is more or less
than halfway between the two hundreds.

Excellent! So remember, when you compare a
number to 5, you are deciding if the number is
more or less than halfway to the next ten or
hundred.
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DEVELOPING MATHEMATICAL

HABITS OF MIND

In their seminal article, Cuoco et al. (1996) proposed that
“more important than specific mathematical results are

the habits of mind used by the people who create those
results.... This includes learning to recognize when problems
or statements that purport to be mathematical are, in truth,
still quite ill-posed or fuzzy; becoming comfortable with and
skilled at bringing mathematical meaning to problems and
statements through definition, systematization, abstraction,
or logical connection making; and seeking and developing

new ways of describing situations” (p. 376).

Mathematical habits of mind reflect how mathematicians
think about and through complex problems. Proficiency
in mathematics requires students to engage in productive
mindsets, adopt strategic approaches, and persist toward
finding solutions. As Goldenberg et al. (2015) explain:

The ability to solve new and unforeseen

problems requires mastery not just of the results

of mathematical thinking (the familiar facts and
procedures) but of the ways that mathematically
proficient individuals do that thinking. This is
especially true as our economy increasingly depends
on fields that require mathematics. Mathematical
proficiency depends also on other mental habits that
dispose one to characterize problems (and solutions)
in precise ways, to subdivide and explore problems
by posing new and related problems, and to “play”
(either concretely or with thought experiments)

to gain experience and insights from which some
regularity or structure might be derived” (p. 1-2).

Beyond scholastic achievement in mathematics,
mathematical habits of mind are essential to critical thought,
college and career readiness, access to future opportunities,
and productive participation in society (Goldenberg et al.,
2015). “If we really want to empower our students for life
after school, we need to prepare them to be able to use,
understand, control, modify, and make decisions about a

class of technology that does not yet exist.
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That means we have to help them develop genuinely

mathematical ways of thinking” (Cross et al., 2009, p. 21).

According to Levasseur & Cuoco (2009), mathematical habits
of mind develop as a by-product of teaching mathematics
through problem-solving, in a process that entails modeling
and reflection so that habits are internalized. Effectively
problematizing mathematics has students thinking for
themselves and explaining their thinking while also being
supported by their teacher, classmates, and math program,
as well as struggling productively and ultimately applying
their gained knowledge and strategies to new and more
complex problems they encounter in the future (Hiebert et
al., 1996). Ultimately, problem-solving in the mathematics
classroom encourages students to see that their actions can
lead to intellectual growth, and this “focus on the potential
of students to develop their intellectual capacity provides a

host of motivational benefits” (Blackwell et al., 2007, p. 260).

To cultivate mathematical habits of mind, teachers also must
create a classroom culture that demonstrates how struggle is
a natural part of the learning process (Star, 2015) and allows
students to see the benefits of perseverance (Hiebert &
Grouws, 2007). Educators and students both must also adopt
growth mindsets and positive views on productive struggle.
These attitudinal states yield numerous positive affective
outcomes and boost academic achievement (Dweck, 2006,
2008; NCTM, 2014).



Research shows that “productive struggle” is necessary to the
process of learning mathematics with understanding; when
students are given opportunity to grapple with ideas, make
mistakes, persist through difficulties, and arrive at solutions,
learning outcomes improve (Kapur, 2010 & 2014; Warshauer,
2015). Perseverance through problem-solving also encourages
students to think about their own thinking and to discover that
learning can happen without rushing to simply find the correct
answer (Hiebert & Grouws, 2007). “"Developing a productive
disposition requires frequent opportunities to make sense of
mathematics, to recognize the benefits of perseverance, and
to experience the rewards of sense making in mathematics”
(NRC, 2001, p. 131). To effectively foster students’ productive
struggles and dispositions, teachers must carefully select tasks
and provide reassurance and support that students need to
complete the tasks—but without diminishing the cognitive
demand of the task or giving students too much help or direct
answers. Students need sufficient time, not only to persist
through productive struggle and devise solutions but also to
develop curiosity and stamina (Goldenberg et al., 2015).

Timing of support also plays a vital role. When scaffolding is
given to students before they have the opportunity to make
sense of a challenging task independently, they are inhibited
in the process of developing productive perseverance. Often
within classrooms too much support is provided during initial
scaffolding, resulting in a significant decrease in the cognitive
demand of the learning task; if an excess of scaffolding is
provided upfront for struggling students, then these students
are denied access to constructive challenge and equity

becomes an issue (Dixon, 2020).

Other practices that support productive perseverance
include heterogeneous grouping, effective teacher-directed
questioning, setting problems in a setting familiar to students
and that draws from their everyday lives, plus goal setting
before and reflection after problem-solving (Pasquale, 2016).
“Math talk” is also an essential component of mathematical
thinking (Cuoco et al. 1996).
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HOW HMH GO MATH! DELIVERS

HMH GO Math! engages students in mathematical thinking
and learning with the Launch Into activities that focus on
critical areas of emphasis. The program offers immediate
relevance and relatability by rooting each Launch Into activity
within a real-world context, fostering exploration at each
grade level and teaching students about the geography,
environment, culture, and other interesting aspects of their
home state. Through this grounding of new content learning,
students also gain a mathematical perspective on the world

around them.

Division

Farming

@ Three Reads
et et o sy i e

Nt e t understan th mth,

Then, e ek st mthomatial
uesions coud b sked abot e

Discus with  partaror n 3 group. i

@

formation o the rectaglesyou mde, it H
i o you wite 0t el 1007 i

Launch Activity « Multilcation snd Division 73 78 Gowan Grade &

&al
MATH in the VR\,gj\d

The Arctic Lion’s Mane Jellyfish is one of the largest
known animals. Its tentacles can be as long as 120 feet.
Find how this length compares to your height. Round
your height to the nearest foot. 120 feet is

times as long as feet.
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The program also embeds math problem-solving activities
within real-world context and connections, which facilitates
application of math content learning as well as stimulates
interest and provides motivation. Additionally, GO Math!
fosters mathematical mindsets and flexible thinking via
Another Way problem-solving. The program further aids
students’ awareness of the purpose for learning specific math
skills and concepts by providing teachers with About the
Math, which provides ready responses to student inquiries

into the “whys” of learning math.

@ Engage

with the Interactive Student Edition

Another Way

@ Use appropriate tools strategically.

Have students read the problem. Make

sure they understand that this is a two-step

problem. As students complete the steps of

the problem, ask the following questions:

* How can you use the bar model in Step 1?
| can use the bar model to find the number of candles
sold in September and October.

* What are clues in a word problem that tell you to How can you use the information in the
add? Possible answers include sum, together, all, problem to label the bar model in Step 1?
plus I can label the shorter box 132 to show the number of

* What number is in the tens place of 145? 4 candles sold in September. | can label the longer box

161 to show the number of candles sold in October.

What does the bar model in Step 2 show?

The bar model in Step 2 shows the total number of

candles sold in September, October, and November.

How are the bar models related to the

equations that represent them? Possible

answer: The addends are in the boxes, and the sum is
the number below the boxes.

| Can Objective

| can use strategies to solve addition problems.

Making Connections
Invite students to tell you what they know about
addition.

* What number is in the ones place of 145? 5

Learning Activity
Tell a story about there being 112 frogs in a pond
yesterday and 134 more frogs in the pond today.

What is the problem the students are trying to
solve? Connect the story to the problem.

« How many frogs were in the pond yesterday?
112 frogs

* How many frogs are in the pond today? 134
more frogs

« What is the problem asking you to do? find the
total number of frogs in the pond for both days

The program also helps students establish cross-curricular
connections to the math they are learning, making for richer,
more integrated understanding and concept development as

well as additional purpose.

CROSS-CURRICULAR

SCIENCE

« Some stars, like the North Star, look brighter than
others. The sun is the brightest star that we can see
from Earth.

« At night, some planets glow like stars, but they don't
twinkle. You can see Venus and Mars from Earth, and
sometimes you can see Mercury through a telescope.

« One year on Earth is 365 Earth days long. One year on
Venus is about 224 Earth days long. About how much
longer is a year on Earth than a year on Venus? Possible
answer: about 150 days.

SOCIAL STUDIES

« The United States consists of 5 regions—the
Northeast, Southeast, Midwest, Southwest, and West.

+ Delaware and Rhode Island are the smallest states
They are both located in the Northeast region.

« The highest point in Rhode Island is at an elevation
of 812 feet above sea level. The highest point in
Delaware is at an elevation of 448 feet above sea
level. About how many feet taller is the highest point
in Rhode Island than the highest point in Delaware?
Possible answer: about 350 feet




TEACHING FOR DEPTH

Elementary-level mathematics programs must build a strong
foundation of deep mathematical understanding. “When
mathematics instruction goes deep, children are empowered
to explore the richness of the mathematical landscape”
(NCTM, 2020, p. 77). By emphasizing critical thinking,
problem-solving, and mathematical states of mind, educators
urged to adopt an approach that prioritizes depth over
breadth (Noguera et al., 2015).

Reviews of math curricula suggest that a greater focus on
fewer core mathematical ideas at each grade yields a greater
depth of understanding that results in higher levels of

content mastery (Cobb & Jackson, 2011). “The mathematics
curriculum in Grades PreK-8 should be streamlined and should
emphasize a well-defined set of the most critical topics in the
early grades” (National Mathematics Advisory Panel, 2008,

p. xiii). Examinations of teaching in American mathematics
classrooms concurrent with standards reform efforts of the past
few decades have shown a lack of depth and rigor, as well as
diffused coverage of content (NRC, 2001; Schmidt, 2012). In
international comparisons of math and science performance,
the countries at the top generally present students with fewer
topics but at greater depth and increased coherence (National
Mathematics Advisory Panel, 2008; Schmidt et al., 2005). A
study exploring correlations between math textbook tasks and
achievement on standardized exams found that if a textbook
provides opportunity to engage in tasks demanding higher
levels of understanding, students using the textbook will have
higher scores (Hadar, 2017). A review of U.S. mathematics
textbooks found that that among all 4,855 learning tasks
included in the sample, only about 40% offered opportunities
for students to engage in reasoning and proving activities at
least once, and more than 50% provided no opportunity at

all for student engagement at that deeper level (Stylianides,
2009). A comparison of how selected middle school-level
textbooks from China and the United States represent various
types of mathematics problems such as routine problems

vs. non-routine problems, open-ended problems vs. close-
ended problems, and traditional problems vs. non-traditional

problems revealed that, in both countries, more than 96% of

problems were routine and traditional, more than 93% were
close-ended problems, and more than 92% were irrelevant to
real-world situations (Zhu & Fan, 2006).

In the most recent TIMSS results, U.S. fourth graders ranked
15th among the 64 participating education systems in average
TIMSS mathematics scores, and U.S. eighth graders ranked
11th among the 46 participating education systems in average
TIMSS mathematics scores. The United States had higher
average scores than most participating countries in both
mathematics and science at both the fourth and eighth grades.
However, in 2019, the United States had relatively large score
gaps between the top- and bottom-performing students in
both TIMSS subjects and grades. In eighth-grade mathematics,
only one of the 45 other education systems (Turkey) had a
larger score gap between the top-performing (90th percentile)
and bottom-performing (10th percentile) students than the
United States. (NCES, 2021).

Singapore has scored at the top in results for the Trends in
International Mathematics and Science Study (TIMSS) for grade
4 and grade 8 for over 20 years, while the United States has
been surpassed internationally in its mathematics performance
(Mullis et al., 2016). Experts commonly attribute Singapore’s
success in mathematics to the country’s strong emphasis

on problem-solving. In an exploratory study comparing key
features of the Singapore and U.S. mathematics systems in

the primary grades, Ginsberg et al. (2005) found that a major
reason why Singaporean students were more successful than
their U.S. counterparts is because their country’s mathematics
textbooks build deep understanding of concepts through
multistep problems and concrete illustrations that demonstrate
how abstract mathematical concepts are used to solve

problems from different perspectives.
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Underpinning deep mathematical understanding are
reasoning and sense-making skills (NCTM, 2020). Mastery of
mathematics content at greater depth can be indicated by
capacity to solve problems of greater complexity (i.e., where
the approach is not immediately obvious), demonstration

of creativity and imagination, independent exploration and
investigation within mathematical contexts and structures,
and communication of results that clearly and systematically
explain and generalize the mathematics. (Askew et al., 2015).
“Progress in mathematics learning each year should be
assessed according to the extent to which pupils are gaining
a deep understanding of the content taught for that year,
resulting in sustainable knowledge and skills. Key measures
of this are the abilities to reason mathematically and to solve

increasingly complex problems, doing so with fluency” (p. 4).

Noguera and colleagues (2015) emphasize that essential to
efforts to expand access to deeper learning are equity-based
reforms and resources that enable all teachers, particularly

those of students from disadvantaged backgrounds to:

e create ambitious and meaningful tasks reflecting how

knowledge is used in the field,

e engage students in active learning in which they apply

and test what they know,

e draw connections to students’ prior knowledge and

experiences,

e  diagnose understanding so as to sequentially scaffold

the learning process,

e assess learning continuously and adapt teaching to

student needs,

e encourage strategic and metacognitive thinking so that

students evaluate and guide their own learning, and

. provide clear standards, constant feedback, and

opportunities for revising work.

Academic standards should “promote rigor not simply by
including advanced mathematical content, but by requiring a
deep understanding of the content at each grade level, and
providing sufficient focus to make that possible” (Achieve,
2010, p. ).
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Developing a deep understanding of mathematics results
from a solid conceptual understanding with an emphasis

on sense-making and reasoning and through a coherent,
cohesive instructional approach at the early childhood and
elementary level (NCTM, 2020). In the elementary grades,
students must develop understanding and make use of

the big ideas in mathematics and problem-solving tasks

in ways that also contribute to understanding of those

big ideas. Mathematics learning requires students to use
specific mathematical-reasoning processes, also known as
"big ideas,” across domains. These big ideas constitute
overarching concepts that connect multiple concepts,
procedures, or problems within or across domains or topics.
They also serve as an important aspect of the process of
forming connections and acquiring background knowledge
that can be applied to expand later understanding (Cross et
al., 2009).

Schmidt and Houang (2002) emphasize that what and how
students are taught should reflect the key ideas within

an academic discipline that determine how knowledge is
organized and generated within that discipline. A coherent
set of content standards must evolve from particulars (e.g.,
the meaning and operations of whole numbers, including
simple math facts and routine computational procedures
associated with whole numbers and fractions) to deeper
structures inherent in the discipline, with these deeper
structures then serving as a means for connecting the
particulars (such as an understanding of the rational number

system and its properties).



HOW HMH GO MATH! DELIVERS

HMH GO Math! supports educators in teaching for deeper,
more meaningful learning. Each chapter includes a dedicated

Teaching for Depth guide that provides background about the

best practices and research related to the targeted concepts.

Regardless of the strategies students use for adding
greater numbers, they need to be able to explain
why the strategies work.

« Students should use place-value language as
they describe the procedures for adding multi-digit
numbers.

6 47

* When using the standard algorithm, students
should say that they added 9 ones and 8 ones to
get 17 ones, then they regrouped 17 ones to record
the 7 ones in the sum and combine the 1 ten with 6
tens and 7 tens to get 14 tens, and so on.

« Making sense of the strategies students use,
whether they are based on the traditional
algorithm or invented algorithms, will lead to
procedural fluency.

From the Research

€¢The development of algorithms is an essential
component of mathematics... Teaching
students algorithms they don't understand,
however, has limited potential at best and,
more important, leads to isolated skills
that do not contribute to students’ general
mathematical knowledge.?"
(Gravemeijer & van Galen, 2003, p. 120)

For more professional learning, go
online to Teacher's Corner.

35C Go Math! Grade 4

Teaching for Depth

Addition and Subtraction Within 10,000

Strategies for Adding Multi-Digit Strategies for Subtracting
Numbers Multi-Digit Numbers

A student who has procedural fluency with multi-digit
subtraction may use a traditional algorithm in a flexible
way to compute with greater numbers,

« This problem would traditionally be classified as
subtracting across zero, but the emphasis now is
on the value of the entire number rather than the
values of particular digits in isolation.

4 914
50 A
-2 48
25 6
+ Rather than using individual digits and subtracting,
it is more efficient to think of 504 as 50 tens 4 ones,
and then regroup the tens and ones to get 49 tens
14 ones.

Mathematical Practices and Processes
Model with mathematics.

Students have many experiences in problem solving.
They explore strategies, including their own as

well as the standard algorithms for adding and
subtracting multi-digit numbers. Having multiple
strategies allows students to persevere because they
can try another way when one way does not yield a
reasonable answer. Students need to first make sense
of problems so they can choose appropriate solution
strategies

The program'’s Teaching for Depth feature helps teachers

accomplish the following:

e Identify ways the chapter lessons and activities can be
extended into opportunities for students to achieve

mathematical thinking and reasoning.

e Gain understandings of common errors and
misunderstandings students may have as they begin work
on the chapter. It then identifies tools and strategies that

students can use to become proficient.

e  Explore more deeply the research behind the pedagogy
and strategies used within the GO Math! program.

e  Explore specific ways the lessons in the chapter can

support mathematical thinking and reasoning.

The GO Math! Teacher’s Edition also provides Depth of
Knowledge (DOK) indicators for assessment items across the

program.

DEPTH OF KNOWLEDGE (DOK) Growth
All percentages are approximations. Measure
A R e L
DOK 1 varies** 40-45% 50-55% 0-5%
DOK 2 varies** 40-45% 40-45% 60-65%
DOK 3 varies** 5-10% 0-5% 30-35%
DOK 4 DOK 4 problems can be found in the Performance Tasks and Project Cards.

**The HVMH Growth Measure is a computer-adaptive assessment.
The DOKS of items will vary based on students’ individual experiences.
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DEVELOPING THE
WHOLE CHILD—AND
SUPPORTING ALL
CHILDREN
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A positive and valued mathematics identity at a young age is key to building a strong mathematical foundation (NCTM,
2020). All students must be empowered, holistically, to participate meaningfully in learning mathematics. While improved
access to quality mathematics instruction and college pathways remains essential, other critical factors must also be

part of efforts to remedy issues of equity, including ensuring that today’s young people enjoy positive mathematical
experiences that inspire them to embrace and engage with a math-centric future (Larson, 2018). “The question is not
whether all students can succeed in mathematics but whether the adults organizing mathematics learning opportunities

can alter traditional beliefs and practices to promote success for all” (NCTM, 2014, p. 61).

Early experiences and performance in mathematics yield effects well beyond classrooms, with consequences affecting
economic prosperity, well-being, and quality of life. While mathematics achievement on every scale requires that all
students be expected to meet rigorous standards, each student comes to school with a unique background, skill set,
perspective, and set of strengths and needs—and therefore must receive effective, individualized support to realize

and enjoy success in math learning (Clements & Sarama, 2020; NCTM, 2014; National Mathematics Advisory Panel,
2008; Shapka et al., 2006). Despite the obstacles that some children, particularly those from historically underserved
populations, endure, all children are capable of learning and performing in math at high levels. A large body of research
has documented that significant positive outcomes are possible when schools and teachers address issues of equity and
access (Gutiérrez, 2013; Kisker et al., 2012; Lawrence-Brown, 2004; Lipka et al., 2007; McKenzie et al., 2011). “Providing
young children with extensive, high-quality early mathematics instruction can serve as a sound foundation for later
learning in mathematics and contribute to addressing long-term systematic inequities in educational outcomes” (Cross et
al., 2009, p. 2).

“[W]e embrace a perspective on equity that supports teaching practices and reflective tools focused on empowerment of
the whole child.... All students, in light of their humanity—their personal experiences, backgrounds, histories, languages,
and physical and emotional well-being—must have the opportunity and support to learn rich mathematics that fosters
meaning-making, empowers decision-making, and critiques, challenges, and transforms inequities and injustices.

Equity does not mean that every student should receive identical instruction. Instead, equity demands that responsive
accommodations be made as needed to promote equitable access, attainment, and advancement in mathematics

education for each student” (Aguirre et al., 2013, p. 9).

HMH GO Math! supports the whole child, allowing all students to perceive themselves as capable learners—socially,
emotionally, and culturally—to become proficient, secure, valuable, and contributing members of diverse communities.
Through a wide variety of resources and data points, the program monitors and meets the evolving needs of individual

students to help them succeed in math—and life beyond the classroom.

DEVELOPING THE WHOLE CHILD—AND SUPPORTING ALL CHILDREN
Promoting Equity and High Standards for All Learners ....

Embedded Social-Emotional Learning
Culturally Responsive Mathematical Teaching
Differentiation: Intervention and Enrichment.............cocoiiiiiiiiii e
DyNamic LEarNiNG .. .o
Connecting with Families and Communities..............ooooiiiiiiiii e
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PROMOTING EQUITY AND HIGH
STANDARDS FOR ALL LEARNERS

“Just, equitable, and inclusive learning opportunities for all
students demand change in institutional structures, teaching,
and learning environments, and individual beliefs and
actions” (NCTM, 2020, p. 25). For over two decades, the
National Council of Teachers of Mathematics has advocated
for more equitable practices that ensure all students succeed
in learning math, as well as for recognition that equity
requires diversity of support. From NCTM'’s Principles &
Standards for School Mathematics (2000): “All students,
regardless of their personal characteristics, backgrounds, or
physical challenges, must have opportunities to study—and
support to learn—mathematics. Equity does not mean that
every student should receive identical instruction; instead, it
demands that reasonable and appropriate accommodations
be made as needed to promote access and attainment for all

students” (p. 12).

In its 2015 position statement on Access and Equity in
Mathematics Education, NCTM also urges broad attitudinal

shifts on the part of educators:

To close existing learning gaps, educators at all levels
must work to achieve equity with respect to student
learning outcomes. A firm commitment to this work
requires that all educators operate on the belief

that all students can learn. To increase opportunities
to learn, educators at all levels must focus on
ensuring that all students have access to high-quality
instruction, challenging curriculum, innovative
technology, exciting extracurricular offerings, and the
differentiated supports and enrichment necessary to
promote students’ success at continually advancing
levels. Providing all students with access is not
enough; educators must have the knowledge, skills,
and disposition necessary to support effective,

equitable mathematics teaching and learning. (online)

Despite continually growing demands for a STEM-trained
workforce (Langdon et al., 2011) as well as shrinking
achievement gaps, historically underrepresented groups,

which include female, African American, Latinx, and Native
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American learners, as well as English learners (ELs), students
in poverty, and those with disabilities, remain marginalized
in STEM education and professions, including specifically in
mathematics (Anwar et al., 2019; Jackson et al., 2021; Kang
et al., 2019; Sneider & Ravel, 2021). American classrooms
today are increasingly diverse; individual students have
wide-ranging needs, but they are also best served when
their own experiences and backgrounds are valued and
leveraged in the course of their learning experiences. All
students need to learn mathematics, and with appropriate
and differentiated support, all students are capable of
success in mathematics. It is vital that educators understand
that achievement gaps are not caused by factors such as
cultural differences, poverty, and parental education levels,
but rather by pervasive inequalities that have historically
afforded significantly fewer resources and opportunities to
certain groups (Aguirre et al., 2013; Cross et al., 2009; Flores,
2007; Gutiérrez, 2013; Lawrence-Brown, 2004; NCTM, 2014;
Ukpokodu, 2011).

Yet, in addressing issues of equity and access, calls are
increasing for educators to shift away from perceptions

that students from historically disadvantaged backgrounds
are deficient; rather, educators are encouraged to adopt a
culturally responsive approach in which the distinct cultural,
linguistic, and environmental experiences that students bring
to school are viewed as assets to be respected, embraced,
and leveraged to optimize learning for individual students
as well as their peers (Aguirre et al., 2013; Flores, 2007;
Gutiérrez, 2013; Lawrence-Brown, 2004; NCTM, 2014 &
2015; Ukpokodu, 2011; Xenofontos, 2019. “[M]any of the
critical challenges facing racial and ethnic minority students
in the formation of strong, positive mindsets for academic
achievement can be alleviated through the careful work of
creating supportive contexts that provide consistent and
unambiguous messages about minority students’ belonging,
capability, and value in classrooms and schools” (Farrington
etal., 2012, p. 34).



Promoting student engagement by selecting challenging tasks,
exerting intense effort and concentration in the implementation
of tasks, framing mathematics within the growth mindset,
acknowledging student contributions, and attending to culture
and language play substantial roles in equalizing mathematics
gains between poor and non-poor students (Battey, 2013;
Kisker et al., 2012). Additionally, to create an environment in
which the barriers that limit comprehensive student access to
learning are removed, teaching allows for flexible methods of
presentation, expression, and engagement by offering multiple
examples, employing multiple media and formats, engaging

in supported practices, and allowing flexible opportunities for

demonstrating skill (Strangman et al., 2004).

NCTM (2014, 2015) calls for the following practices to address
access and equity in mathematics education and thereby
improve student outcomes and achievement on a wide range of
measures, including assessments, dispositions, and persistence
transcendent of students’ racial, ethnic, linguistic, gender, and

socioeconomic statuses:

e implementing rigorous standards and holding high
expectations for all learners who additionally have access
to high-quality mathematics curricula and instruction

taught by skilled and effective instruction
e allowing adequate time for students to learn

e placing appropriate emphasis on differentiated processes
that broaden students’ productive engagement with
mathematics and that support individual students as

needed and appropriate

e monitoring student progress and making needed

accommodations accordingly

e leveraging strategic use of human and material resources
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HOW HMH GO MATH! DELIVERS

GO Math! offers effective instruction tailored to the
strengths, interests, and experiences of individual students.
The program provides the tools for data-driven instruction
and intervention, providing each and every student access
to high-quality, relatable learning experiences as well as

support needed to meet rigorous mathematics standards.

The program'’s student-centered lesson model is designed to
nurture young mathematicians and the unique assets each
brings to the classroom. Each lesson is comprised of the
following components to meet the needs of each student in

mastering rigorous mathematics learning:

. Engage: Students engage in activities and questions
that tap into interest and inspire confidence to meet

their individual readiness level

e Explore: Students make sense of a concept via

exploration at greater depth.

e Explain: Students share what was learned with
peers and their math community, and teachers have
opportunities to assess understanding and adjust
instruction and establish grouping arrangements to best

serve individual students.

o Elaborate: Students participate in other activities to
further build understanding of new concepts within

novel contexts.

e Evaluate: Students reflect on their own understanding

of new concepts.

e Independent Practice: Students reinforce and expand

learning.

GO Math! with Waggle in tandem provides flexible, child-
centered instruction and personalization, immersing students
in rigorous learning, skills-based practice, and ongoing
assessment—all within a multimedia experience to engage

a variety of learning styles. Teachers also have available

the HMH Growth Measure® indicators to effectively place
children on personalized pathways of learning and practice,

or choose the assignments that extend their instruction.
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FOCUSING ON THE WHOLE STUDENT

Access Prior Knowledge

Review how to locate numbers on a number line. Draw
a number line with intervals of 100 from 4,000 to 5,000.
Have students help plot a point on the number line for
each of the numbers below.

4,300 4,500 4,700
Ask questions such as:

* Describe how you located 4,300 on the number line.
Possible answer: | looked at the thousands place. It
shows 4 thousands. So, | start at 4,000 on the number
line. | count the tick marks by 100 because that is what
each unit stands for. | count to the 3rd tick mark for
300. I made a mark there for 4,300.

The program'’s Teacher’s Edition clearly lays out the relevant
prior learning lessons, resources, and tools that can be used
for intervention. Other features support teachers in tapping
into and celebrating the unique background knowledge each

student brings to the classroom.

Productive perseverance and collaboration are supported
through fluid student grouping based on ongoing
assessment data as well as teacher support. Additionally, the
program frames problem-solving within | Can statements,

building student confidence.

Prompts for

Productive Perseverance

For Launch Activity lessons, the exploration

of math concepts is more critical than finding
a solution. Children should be encouraged to
think about new math ideas in an atmosphere
that is conducive to learning, with minimal
pressure. They learn to solve the problem in
different ways and are able to choose the
method that works well for them.

What if children can’t start working or can’t
enter into the conversation for this lesson?
Use one or more of these opening prompts:
* What information do you know about the
problem?

Can you draw a picture that represents
what you know?

What numbers are in the problem?

What is given in the problem that might
help you answer the question?

How can | help children who are frustrated?
Ask these leading questions:

* Think about a starting point. How can you
enter into this problem?

What information do you have?

What are you working on? What have you
done so far?

What comes next? What are you solving
for?

What information do you need to get
unstuck? Talk to your partner (or group).

To increase children’s understanding of their

own thinking, ask:

* Do you need to use all the numbers in the
problem?

Name

Use Place Value to Subtract
use place value to subtract 3-digit numbers.



EMBEDDED SOCIAL-EMOTIONAL

LEARNING

“[Experts] know that effective teachers do more than promote
academic learning—they teach the whole child” (Yoder, 2014,
p. 1). Itis widely acknowledged that cognitive development
is inextricably linked to social and emotional development;
success in school depends upon students’ social-emotional
skills, and schools are increasingly adopting the practice of
fostering such skills (Osher et al., 2016; Jones & Bouffard,
2012). Systematic social and emotional learning (SEL) is the
process of facilitating students’ development of knowledge,
skills, attitudes, and behaviors that they need to understand
and manage emotions, set and achieve positive goals, feel
and show empathy for others, establish and maintain positive
relationships, make responsible decisions, deal effectively
and ethically with daily tasks and challenges, and prepare for
success in college and careers (Collaborative for Academic,
Social, and Emotional Learning [CASEL], 2020; Elias et al.,
1997; Yoder, 2014).

Social and emotional learning has been integral within
influential educational practices over the past century, such

as those based on the theories of Dewey (1944), Vygotsky
(1978), and Gardner (1993). In more recent decades, increased
research and interventions have addressed underlying
psychological and affective issues that impact academic
success for individual students and entire school communities.
Studies have linked childhood measures of motivation, time
management, self-regulation, communication, and pro-social
behaviors to students’ later academic achievement. The

same has been seen with adult outcomes across multiple
domains, including higher education, employment, criminality,
substance use, and mental health (Heckman, 2008; Jones et
al., 2015). Other research demonstrates that social-emotional
traits such as grit and self-discipline are greater predictors of
academic achievement in adolescence than cognitive traits,
such as 1Q (Duckworth & Seligman, 2005; Duckworth et al.,
2010). Research also shows that social and emotional skills
are malleable and can be intentionally developed (Jones &
Bouffard, 2012; Osher et al., 2016; Yeager & Walton, 2011).

“Through systematic instruction, SEL skills may be taught,
modeled, practiced and applied to diverse situations so that
students can use them as part of their daily repertoire of
behaviors” (Durlak et al., 2011, p. 406). Abundant research
demonstrates that effective SEL programming yields benefits
impacting the trajectories of students’ success within school
and beyond. In a 2011 meta-review of 213 school-based

SEL interventions, Durlak and colleagues found that, across
diverse backgrounds and compared to students who did

not participate in such programs, students who participated
in social-emotional learning demonstrated the following:
increased academic achievement, increased social-emotional
skills, increased motivation, improved attitudes toward self
and school community, improved positive social behaviors,
decreased conduct issues, and decreased emotional distress.
In a 2017 meta-analysis of 82 SEL interventions in K-12 schools
worldwide and representing students of diverse socioeconomic
status and ethnic backgrounds, Taylor and colleagues found
that SEL program participants fared significantly better than
controls in sociallemotional skills, attitudes, and indicators of
wellkbeing and that the benefits were consistent regardless
of students’ race, socioeconomic background, or school
location. Other research has shown that, within academic
settings specifically, students who receive SEL instruction are
more motivated to learn and more committed to school and
less likely to engage in misconduct or suffer the consequence
of behavioral issues such as class disruption, suspension, and
grade retention (Zins et al., 2004). Another study showed
that SEL leads to students seeking help when needed in
managing their own emotions and problem-solving difficult
situations (Romasz et al., 2004). Research also indicates that
SEL has transformative potential to mitigate issues of equity
and promote academic excellence for children of historically

underserved racial groups (Jagers et al., 2019).
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CASEL (2020) has established a research-based integrated
framework that promotes interpersonal, intrapersonal, and
cognitive competence, comprised of five core competencies

that can be taught in many ways and across many settings:

SELF-AWARENESS

The ability to accurately identify, evaluate, and reflects one’s
own emotions, thoughts, and values and how they influence
behavior. Also includes self-efficacy and the ability to
accurately assess one’s strength’s and limitations, with a well-

grounded sense of confidence and a “growth mindset.”

SELF-MANAGEMENT

The ability to successfully regulate one’s emotions, thoughts,
and behaviors in different situations—effectively managing
stress, controlling impulses, and motivating oneself. The
ability to set and work toward personal and academic goals.

Incorporates organizational skills.

SOCIAL AWARENESS

The ability to take the perspective of and empathize with
others, including those from diverse backgrounds and
cultures. The ability to understand social and ethical norms
for behavior and to recognize family, school, and community
resources and supports. Includes respect for others and

appreciation of diversity.

RELATIONSHIP SKILLS

The ability to establish and maintain healthy and rewarding
relationships with diverse individuals and groups. The ability
to communicate clearly, listen well, cooperate with others,
resist inappropriate social pressure, negotiate conflict
constructively, and seek and offer help when needed. Also

incorporates social engagement and teamwork.

RESPONSIBLE DECISION-MAKING

The ability to make constructive choices about personal
behavior and social interactions based on ethical standards,
safety concerns, and social norms. Includes the realistic
evaluation of consequences of various actions and
consideration of the well-being of oneself and others. Skills
entail identifying and solving problems, analyzing situations,

evaluating, and reflecting.
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Learning is enhanced for students when teachers integrate
social-emotional competencies with academic instruction
(Elias, 2006) and when students connect with information

not just cognitively, such as through memorizing, but socially
and emotionally as well (Ensign, 2003). As opposed to
teaching social-emotional skills in isolation, an embedded
approach optimizes both SEL instruction and academic
content instruction. “A systemic approach to SEL intentionally
cultivates a caring, participatory, and equitable learning
environment and evidence-based practices that actively
involve all students in their social, emotional, and academic
growth. This approach infuses social and emotional learning
into every part of students’ daily lives—across all of their
classrooms, during all times of the school day, and when they
are in their homes and communities” (CASEL, 2020, online).
Embedded SEL programming also has the advantage of
economizing teachers’ limited time by not burdening them

with an additional separate initiative (Yoder, 2014).



HOW HMH GO MATH! DELIVERS

GO Math! facilitates a safe, supportive, and equitable learning
environment that, in accordance with CASEL's principles (2020),

helps mathematics teachers to:

e cultivate a sense of belonging and community where
students see themselves as mathematicians, collectively

striving to develop a deep understanding of mathematics,

e provide structures for physical and emotional safety so

that mathematical sense-making is cognitively possible,

e  create space for student voice and agency as a means to

productively shape students’ mathematical identities,

e provide tiered supports that meet the needs of all
students to access and experience the joy, wonder, and

beauty of mathematics,

®  use engaging, relevant, and culturally responsive
mathematics instruction built on an understanding of
how students grow and develop socially, emotionally, and

academically,

e offer frequent opportunities for students to discuss and
practice anti-racism and develop collaborative solutions

to address inequities using mathematics as a tool, and

e engage in mathematics teaching practices that affirm

diverse social, cultural, and linguistic identities.

CASEL's Student Competencies

SELF-AWARENESS: The abilities to COMMUNITIES SELF-MANAGEMENT: The abilities to
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The program fosters students’ development of in each of
CASEL's social-emotional competencies as part of school-wide
wrap-around support. Teacher Edition prompts encourage
awareness, reflection, and practice in individual competencies
and help students become confident in their math learning

and capabilities.

FOCUSING ON THE WHOLE STUDENT

S Social & Emotional Learning

Social Awareness Build students’ awareness of the
importance of listening to others’ reasoning. A learning
mindset helps them discover there is more than one

way to find an answer (and sometimes more than one
correct answer). When you are comparing strategies
with a partner, it is important that you support the other
person’s learning as well as your own. Do you listen
closely to the other person’s reasoning? Can you describe
how it is the same or different? When you work with

a partner, you can learn more than one way to reach a
solution.

FOCUSING ON THE WHOLE STUDENT

. Social & Emotional Learning

Self-Management Help students think about how to
become unstuck and on their way to a solution without
getting frustrated. When you cannot get to a solution,
what can you do to get unstuck? If you cannot get
started, maybe reading the directions again will help. Try
taking the directions apart to make sure you understand
each part. Ask yourself if you understand the question
and what you need to find. Another strategy is to talk to
a partner about how to get started. In this lesson, does
the drawing help you get started?

GO Math! also frames problem-solving activities as "I Can”
statements to help students feel confident from get-go and
develop positive self-concepts in which they see themselves as

capable learners.

T

Understand Ten and Ones
use tens and ones to write a number in

different ways.
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CULTURALLY RESPONSIVE
MATHEMATICAL TEACHING

“Creating, supporting, and sustaining a culture of access and
equity require being responsive to students’ backgrounds,
experiences, cultural perspectives, traditions, and knowledge
when designing and implementing a mathematics program
and assessing its effectiveness. Acknowledging and
addressing factors that contribute to differential outcomes
among groups of students are critical to ensuring that

all students routinely have opportunities to experience
high-quality mathematics instruction, learn challenging
mathematics content, and receive the support necessary to
be successful. Addressing equity and access includes both
ensuring that all students attain mathematics proficiency and
increasing the numbers of students from all racial, ethnic,
linguistic, gender, and socioeconomic groups who attain the
highest levels of mathematics achievement.” (NCTM position
statement on Access and Equity in Mathematics Education,
2015, online).

Momentum is building for replacing practices and policies
that reinforce disparities in education and impede the
success of far too many students (Muniz, 2020). Culturally
responsive teaching, also known as culturally relevant
pedagogy, provides both understanding and guidance for
educators seeking to improve the academic achievement

of students from diverse racial, ethnic, cultural, linguistic,

and socioeconomic groups. Fundamentally, culturally
responsive teaching recognizes patterns of discontinuity
between school culture and home and community culture for
students of low-income backgrounds and students of color.
Culturally responsive teaching also regards the experiences
and perspectives that students bring to their classroom as
sources of strength and knowledge that enhance academic
learning (Gay, 2018). This approach also provides mainstream
knowledge through different techniques, but it also involves
transforming the actual perspectives, knowledge base, and
approaches of a conventional classroom’s curriculum and
instruction” (Vavrus, 2008, p. 49).
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Culturally responsive teaching is from an assets-based
perspective that recognizes the unique and valuable
strengths and experiences each child brings to the
classroom. The success for all students requires that their
unique experiences be validated and leveraged so as to
enhance their learning (Lawrence-Brown, 2004). Growing
research indicates that a crisis in mathematics learning
among minority and low-income children is attributable

to teaching practices that do not engage these students,
and school policies and curricula that instead marginalize
them—>but CRT reform efforts have corrective outcomes
(Ukpokodu, 2011). Aguirre and colleagues (2013) urge a
holistic perspective on equity that has educators attending to
and understanding the cultural identities of children of color
and non-majority backgrounds in the context of local and

broader social realities in which those children live.

Culturally responsive teaching connects students’ cultural
backgrounds and personal experiences, along with their
performance styles to their academic knowledge and
intellectual tools, in ways that value and leverage what
students already know. In their curriculum and practices,
culturally responsive teachers embrace the sociocultural
histories and realities of their students, and transcend
personal and institutional biases to establish and support
broader perspectives and learning environments that are
inclusive, engaging, and effective for all students (Gay, 2018;
Kozleski, 2010; Lawrence-Brown, 2004; Vavrus, 2008).



To foster such shifts in education policy and practices, New
America offers Culturally Responsive Teaching: A Reflection
Guide (Mufiz, 2020), which draws on insights from research on
culturally relevant, responsive, and sustaining pedagogies to
foster culturally responsive education. The guide advocates for
the following eight competencies:

e reflect on One’s Cultural Lens

e recognize and Redress Bias in the System

e draw on Students’ Culture to Shape Curriculum and

Instruction
®  bring Real-World Issues Into the Classroom
e model High Expectations for All Students
e promote Respect for Student Differences

e collaborate With Families and the Local Community

e communicate in Linguistically and Culturally Responsive Ways

The following are research-based practices for equitable,

culturally responsive teaching:

e setting clear, rigorous expectations for all learners while

also attending to each student’s distinct cultural, cognitive,

emotional, and psychological well-being and needs

e providing a range of high-quality, effective, and equitably

distributed resources to support students

e drawing on students’ unique funds of knowledge,
recognizing diverse forms of culture, perspectives,
language, and discourse are assets for learning and within

a classroom environment
e allowing adequate time for students to learn

e establishing protocols and norms for broad participation
in individual classroom activities and the learning process

as a whole

e implementing differentiated processes for instruction
that foster students’ mathematical thinking and broaden
students’ productive engagement with mathematics in
ways that also support individual students as needed,
meeting them at their developmental level with a positive,

appropriate level of challenge

®  positioning students as capable, defiant of stereotypes,

as well as agents in their own learning, and building a

classroom culture in which students view their peers that way

e  attending to race and culture and other differences and

experiences

e monitoring student progress through fair and accurate
assessment and making needed accommodations

accordingly

"When classrooms are organized into communities that are
designed to encourage academic and cultural excellence,
students learn to facilitate their own learning as well as that of
their fellow students. This kind of classroom requires careful
planning and explicit teaching around social interactions so
that students learn to assume leadership for learning, feel
comfortable exploring differences of opinion, and accept

that they may need help from their classmates in order to be
successful. Along the way, students learn to see the classroom
and their interactions from more than one perspective so

that they can identify potential difficulties that come from
assumptions of privilege, the distribution of power (who gets
to make the rules), and the assessment of performance and

competence.” (Kozleski, 2010, p. 3)
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HOW HMH GO MATH! DELIVERS

GO Math! fosters Culturally Responsive Mathematics
Teaching (CRMT) practices that honor and leverage students’
mathematical thinking, cultures, languages, identities,

and backgrounds, as called for by New America’s Eight
Competencies for Culturally Responsive Teaching. In
conjunction with SEL supports, the program’s CRMT features

focus on the wellness and academic success of all students.

Student Editions are inclusive and diverse in the people and
cultures reflected within math learning and problems they
contain. Teacher Editions include guidance that encourages
teachers to practice culturally responsive mathematics
teaching and reflection, as well as prompts to facilitate
engagement with the cultural backgrounds students bring to

the classroom.

Recognize and

Reflect on one's redress bias in the

cultural lens system
r
o oo&3

Draw on students’
culture to shape

Communicate in
lingusitically and
culturally curriculum and

responsive ways = instruction

Competencies
Q o resp:::i:g l::clghing Q
¢
Collaborate with Bring real-world

families and the issues into the
local community classroom

© il

Promote respect for
student differences

Model high
expectations for all
students
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Consider the active and
participatory communication
styles of linguistically diverse
children and how

they engage

in Math Talk.

SUPPORTING ALL LEARNERS

Embrace and honor the linguistic
diversity of children by engaging
them in relevant mathematics tasks
with multiple paths for success.

Image Credit: © HMH

GO Math! offers effective instruction tailored to the
strengths, interests, and experiences of individual students.
The program provides the tools for data-driven instruction
and intervention, providing each and every student access
to high-quality, relatable learning experiences, as well as

support needed to meet rigorous mathematics standards.

FOCUSING ON THE WHOLE STUDENT

Culturally Responsive Education

The relationships that you build with the students in your
class are instrumental to student success. It is important
to show students that you genuinely care for their
academic and overall well-being, particularly when it
comes to students with disabilities and students who are
neurodiverse or who are culturally or linguistically diverse.
When students see themselves as different in some way,
they are more prone to feel ostracized; when students
feel included, they are better prepared to learn.

Access Prior Knowledge

Use iTools: Counters to review basic multiplication facts.
After students give a correct product, ask:

e What division equation could the counters represent?
Possible answer for 3 x5=15:15+3=5

After the last basic fact you review, ask:

e Why can the same model be used for both multiplication
and division? Possible answer: Because you are using the
same equal groups for both. For multiplication, you find
the total number in the equal groups. For division, you
separate into equal groups.




DIFFERENTIATION: INTERVENTION

AND ENRICHMENT

In classrooms around the United States, a significant number of
students have some academic, social, or behavioral difficulties
due to a variety of reasons, ranging from issues in the school

or home environment or atypical cognitive, emotional, or
psychological functioning. But regardless of the source of issues,
schools must intervene as needed to effectively solve problems

prohibiting a student’s progress (Riley-Tillman et al., 2020).

A widely implemented framework in K-12 schools, a multi-
tiered, data-driven system of supports (MTSS) is utilized to
address the academic, social, and behavioral needs of all
students based on their specific competencies and needs

and the premise that, with adequate support and empirical
approaches to interventions, all students are capable of grade-
level learning (Harlacher et al., 2014; Riley-Tillman et al., 2020;
Ziomek-Daigle et al., 2016).

Cognitive development and academic success are inextricably
linked to social and emotional development (Osher et al.,
2016; Jones & Bouffard, 2012), and early interventions that
promote children’s social and emotional behaviors can have
lasting positive effects on well-being, employment, mental
health, and quality of life in adulthood (Heckman, 2008; Jones
et al., 2015).

Teachers today face the challenge of meeting the needs of an
increasingly diverse student population, representing a wide
array of cultural and linguistic backgrounds, prior knowledge,
readiness, interests, motivations, home situations, and learning
styles. While it is critical that all students have high expectations
for learning as well as access to high-quality instruction, it

is also necessary that all students receive the supports and
differentiation they need, regardless of their socioeconomic
contexts, if successful outcomes are to be achieved (Gutiérrez,
2013; NCTM, 2014; Tomlinson, 1997, 2005).

As Vygotsky (1978) noted in his seminal research on learning,
“Optimal learning takes place within students’ ‘zones of
proximal development'—when teachers assess students’
current understanding and teach new concepts, skills, and
strategies at an according level” (p. 86). Research continues
to support the notion that, for learning to take place, activities
must be at the right level for the learner (Tomlinson & Allan,
2000). In addition to meeting students at their present level of
learning, to provide instruction that is effective and engaging
to all students, teachers must incorporate flexible methods

of presentation, employ multiple media formats, adopt
supportive practices, and allow varied, multiple opportunities

for demonstrating skill (Hall, Vue, Strangman, & Meyer, 2004).

Students struggling with mathematics benefit from early
identification as well as from resolutions that may prevent
subsequent difficulties (Gersten et al., 2009). The MTSS
approach can be used in determinations and implementations
of differentiated support and Response to Intervention

(Rtl). Differentiated instruction and Rtl are complementary
approaches and share a goal of modifying instruction until

it meets the needs of all learners (Allan & Goddard, 2010).
Differentiated instruction provides a way to respond to the
needs of diverse learners in the classroom and remedy issues,
whereas Rtl provides a structured system for prevention,
identifying difficulties and needs early on and offering tiers of

support with which to intervene.
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DIFFERENTIATED INSTRUCTION
Differentiated instruction is a well-established, evidence-
based, organized approach to flexibly alter teaching that
maximizes learning for all students and yields positive

outcomes across students’

achievement levels (National Mathematics Advisory Panel,
2008; Stetson et al., 2007; Tomlinson, 1999). Differentiated
instruction is also necessary in order to meet the diverse
needs of learners (Tomlinson, 2000), particularly within
mathematics classrooms (Chamberlin & Powers, 2010).

A differentiated approach to instruction recognizes and
supports the classroom as an inclusive community where
students are nourished as individual learners and provided
with an appropriate, motivating balance of challenge

and success. In effective differentiated environments, all
learners—those struggling and those advanced—can be
successful (Lawrence-Brown, 2004). Differentiated classrooms
are "responsive to students’ varying readiness levels, varying
interests, and varying learning profiles” (Kalbfleisch &
Tomlinson, 1998, p. 54), and they offer students varying levels
of expectations for task completion within a lesson or a unit

based on their specific needs (McLeskey et al., 2001).

RESPONSE TO INTERVENTION (RTI)
Response to Intervention (Rtl) is an early detection,
prevention, and support system used to identify struggling
students and provide assistance before they fall behind
(Gersten et al., 2009). Effective Response to Intervention
programs include systematic, ongoing assessment and
collection of data to identify student needs and the use of
effective interventions in response to the assessment data,
which then are continually evaluated to determine their
effectiveness and any future need of intervention (Griffiths et
al., 2006).
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Response to Intervention integrates instruction, intervention,
and assessment to create a cohesive program that results in
higher student achievement (Mellard & Johnson, 2008). “At the
heart of the Rtl model is personalized instruction, during which
each students’ unique needs are evaluated and appropriate
instruction is provided, so that students will succeed” (McREL,

2010, p. 15). Rtl comprises three levels of support:

e Tier 1 represents the general curriculum and universal
programming in terms of teaching and testing, which

should meet the needs of roughly 80% of students.

e Tier 2 includes some targeted supplementary support
in the form of small-group instruction and progress

monitoring.

. Tier 3 encompasses intensive, specialized intervention
or special education services at the individual student
level and frequent progress monitoring (Riley-Tillman et
al., 2020; Smith & Johnson, 2011).

In a What Works Clearinghouse review of Rtl practices,
Gersten and colleagues (2009) found strongest evidence to
recommend the following: Interventional instruction should
be explicit and systematic, to include providing models

of proficient problem-solving, verbalization of thought
processes, guided practice, corrective feedback, and
frequent cumulative review; and interventions should include
instruction on solving word problems based on common

underlying structures.

Studies examining the effectiveness of integrated systems
such as Rtl indicate that such approaches to interventions
can lead to improvement in mathematics performance on
various achievement measures when used to intervene with
students who are under-performing in mathematics (Burns et
al., 2005; Ketterlin-Geller et al., 2008). Fuchs and colleagues
(2007) found that multiple tiers of intervention, “designed
strategically to work in supplementary and coordinated
fashion, may operate synergistically to decrease math
problem-solving difficulties for children who are otherwise at

risk for poor outcomes” (p. 19).



HOW HMH GO MATH! DELIVERS

Effective instruction begins with knowing students’ strengths
and challenges in real time. HMH GO Math! generates
assessment data points through multiple sources and provides
a continuum of print and digital support that allows for robust,

targeted intervention and differentiation through each chapter.

-Chap(er at a Glance

Apply Multiplication and Division

Intervention Options Response to Intervention

Use Show What You Know, Lesson Quick Check, and Assessments to diagnose students’ intervention levels.

TR 3

Intensive Intervention Independent Activities

On-Level Intervention

Strategic Intervention

For students who are generally
at grade level but need early
intervention with the lesson
concepts, use:

For students who need small-
group instruction to review
concepts and skills needed for
the chapter, use:

For students who need
one-on-one instruction to
build foundational skills for
the chapter, use:

For students who successfully
complete lessons, use:

+ Waggle Practice and Games

Grab@)-Go!"

Version 2.0
Differentiated Centers Kit

* Reteach 2 Prerequisite Skills Activities % Prerequisite Skills Activities

» Tabletop Flipchart Mini Lesson | £ Tier 2 Activity A Tier3 Activity
« Waggle + Ready for More Activity for
A Tier 1 Activity every lesson
« Enrich

Show What You Know provides diagnostic assessments at
chapter openers to zero in on students’ prior and prerequisite
knowledge about the topic, identifying gaps and guiding

planning and decision-making grouping arrangements and Rtl

approaches.
i )
Ready for More  [HeRICEN

Materials index cards
e Give each student 3 index cards.

e Have each partner write multiplication
comparisons in words such as “Bing has 5
trophies. Su has 6 times as many trophies as
Bing.” on each of their index cards.

e Have students trade index cards with their
partner. Students draw a model and write a
multiplication expression for each problem on
the back of the index card.

e Partners trade index cards again and check each
other’s work.

- J

@ Quick Check

a student misses the checked
problems

Differentiate Instruction with
® Reteach 1.5

* Waggle

The program includes flexible options for differentiating
instruction. Differentiation resources include Reteach,
Challenge, and Additional Practice. These can be assigned

to students who finish early (Enrich), or to students who are
generally on grade level but who may need additional support

(Reteach), or to provide further independent practice.

Interactive Lesson Reteach options aid in interpreting

student performance and identifying follow-up support or
intervention. Interactive Lesson Challenge provides enrichment
opportunities. Ready for More allows for deeper exploration

and learning for on- and above-level students.

Within the Teacher’s Edition, Tier Il and Tier Il tools are clearly

recommended and available online.

The program frames problem-solving activities as “I Can”
statements to help students feel confident from the get-go and
develop positive self-concepts in which they see themselves as

capable learners.

Meeting Individual Needs
Reteach 1.4

Musical Math

Use mental math strategies to solve the problem.

Use Strategies for Addition

You can count by tens and ones to ind a sum.

Find 58 + 15,

Stop1 Countontotho | step2 Countby tons. | step:3 Then count by
Sart Star a1 60 onee Siart a1 70.
& c

75

s
o

Gountio 70

N

How many musicians are in the | [EI How many First and Second

R R R EE R ) String and Brasssections of the

Violins, Vielas, and Cellos are in
Think: 55 42 410 43 < 73
50,58 115 = 73

o s

I suppose the Symphony
Orchestra added 2 Violas and

You can also count on by tens fist and then by ones. I suppose 2 more musicians
o N Joined the String section of the
. 2 Cellos. How many musicians
- - - musicians left the Brass section. | would be in the String section
@prewaasussae@®@ennn@ iny musicians would of the Symphony Orchestra
there be in the String and Brass | then?
sections?

Think: 55 4 10+ 5 =73
50,88+ 15 - 73

o 0

Count by tens and ones to find 54 + 26. Draw jumps and label

the number line to show your thinking. Possible crawing i given B How do mental math strategies help you solve problems
. o . such a3 the ones above?
T Possible answer: | can use mental math to break apar s t0 make.
s @ 1) w
sa+26- "
. .
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DYNAMIC LEARNING

Effective, equitable mathematics instruction nurtures within
children a positive mathematical identity and a strong sense
of agency; it allows children to see themselves as capable
doers of math who construct their own mathematical
understandings, as well as to experience firsthand the
wonder, joy, and beauty of math (NCTM, 2020).

Research demonstrates that non-academic factors such as
implicit math self-concepts and stereotypes are linked to
students’ actual math achievement and positively correlated
to stronger—or weaker—outcomes at the individual student
level (Cvencek et al., 2015). A learner’s confidence in their
own knowledge is rooted in the perception of being an
active agent (rather than passive participant) working upon
the world (Lawler, 2012). "The dispositions and deeply held
beliefs that students develop about their ability to participate
and perform effectively in mathematical contexts and to use
mathematics in powerful ways across the contexts of their
lives” (Aguirre et al., 2013, p. 14).

Learning is an active process of engagement. Recursively,
engagement leads to motivation, which leads to learning.
When students are interested in what they are learning, they
will spend the time and energy needed for learning to occur.
Effective teachers know that students must be engaged by
the content and activities presented to them to be motivated
to persist in the learning process and, ultimately, to succeed
in achieving learning targets (Eccles et al., 1998; Guthrie &
Humenick, 2004). When students are actively engaged in the
process of observing, reasoning, and making connections
through hands-on learning, they acquire necessary skills and
ways of thinking (Stewart et al., 2005). Teaching for depth
entails active learning methods that allow students to apply
and test what they know within authentic, meaningful tasks
reflecting how knowledge is used in its corresponding field
(Noguera et al., 2015).
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Hands-on learning is critical to mathematical development
(Ojose, 2008). Especially during the elementary level,
children need to be able to use their senses and hands-

on experimentation in order to test their thinking and find
creative solutions (Thuneberg et al., 2017). As noted by
Thuneberg and colleagues (2018), an interactive, hands-on
approach to learning draws on Dewey’s (1938) learning-
by-doing principle and corresponds with Piaget's concrete
operations stage of development. The concrete operations
stage of development spans ages 7 to 11, representing most
of the elementary years of school, and it is characterized

by organizational and rational thinking—and remarkable
cognitive growth as children’s development of language
and acquisition of basic skills accelerate dramatically, and
yet their senses are still also utilized for learning about the
world around them. “[H]ands-on experiences and multiple
ways of representing a mathematical solution can be ways
of fostering the development of this cognitive stage [of
concrete operational development]” (Burns & Silbey, 2000,
p. 55). Whether using traditional activities, such as counting
with beans or coins, or more sophisticated manipulatives,
such as geoboards, pattern blocks, and tangrams, hands-
on learning aids students in more readily understanding
concepts and boosts their self-confidence (DeGeorge &
Santoro, 2004). Manipulatives (both material and digital),
visual models, and representations, which also to help make
abstract mathematical concepts more concrete as well as
aid in the internalization of procedures for problem-solving,
increased creativity, led to greater metacognition, and
promoted students’ more active participation in their own
learning—all of which contribute key elements for impactful
mathematical exploration (Cross et al., 2009; NCTM, 2000 &
2014; NRC, 2001; Ojose, 2008).



Research shows that effective STEM education capitalizes on
students’ interests and experiences, identifies and build on
what students know, and provides experiences to actively
engage students in STEM-related practices and sustain their
interest (NRC, 2011). Students can more effectively develop
STEM concepts via interactions with digital models, simulations,
and dynamic representations of mathematical, scientific, and

engineering systems (U.S. Department of Education, 2019).

In STEM-learning contexts, active learning has been shown

to yield to significant increases in assessment achievement

and raise course grades over traditional lecturing approaches.
“The analysis supports theory claiming that calls to increase

the number of students receiving STEM degrees could be
answered, at least in part, by abandoning traditional lecturing in

favor of active learning” (Freeman et al., 2014, abstract).

Mathematics can be an impactful means of creating for
students a lens to understand, critique, and create solutions for
the world when students are actively engaged in the process of
authentically doing mathematics (NCTM, 2020).
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HOW HMH GO MATH! DELIVERS

The instructional journey provided to students within HMH GO Math! and its 5E approach ensure engagement in active

learning within dynamic grouping and is tailored to differentiated individual needs.

Whole Group Small and Whole Group Small Group Whole Group
S LELTS Explore Explain Elaborate
5 minutes 15-20 minutes 15-20 minutes 5 minutes
Readiness Exploration Quick Check  Math on the Spot Videos
* Problem of the Day * Investigate, Unlock the Problem ) Share and Show * Higher-Order Thinking Problems
© Fluency Builder or © Multilingual Support and
Vocabulary Builder Strategy Differentiated Instruction
® Access Prior Knowledge o Common Errors Grab@ao.l“ Evaluate
Version 2.0
Engagement
*ICan Intervention « | Can Reflection
* Making Connections * Waggle o Exit Ticket
o Learning Activity * Reteach o Practice and Homework

 Tier 2 and Tier 3 Resources

 Fluency Practice
* Waggle

Language Support
* Vocabulary Activities

* Language Routines

* Multilingual Glossary

Enrichment

* Waggle Games
* Ready for More
® Enrich

Active learning is further supported through ongoing opportunities for manipulative use and the construction of visual
representations as well as peer-to-peer discourse, independent practice, and games. These learning activities are embedded

within lessons and are further enhanced through the Grab-and-Go Differentiation Kit.
DIFFERENTIATED INSTRUCTION e Independent Activities

Grab® Go!’

Version 2.0
Differentiated Centers Kit

Tabletop Flipchart Readers
Mini-lessons for reteaching Supports key math skills and
to targeted small groups concepts in real-world situations.
Games Activities
Reinforce math content Meaningful and fun
and vocabulary math practice
\ v
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CONNECTING WITH FAMILIES

AND COMMUNITIES

2020's unprecedented shutdowns of school buildings due

to the pandemic not only pushed digital learning into new
ground but also reinforced what well-established research had
previously indicated: Family engagement is an effective means
of boosting student achievement, particularly for schools
serving historically disadvantaged communities (Bansak & Starr,
2021; Barnard, 2004; Crosnoe, 2013; Dearing et al., 2007;
Harper et al., 2021).

Abundant research demonstrates that, across geographic and
socioeconomic factors, families have significant impacts on
children’s academic success, and increased communication and
collaboration between teachers and caregivers is beneficial on
multiple measures, to both individual students and to whole
school communities (Barnard, 2004; Barton & Coley, 1992;
Bryk et al., 2009; Clements et al., 2004; Hampden-Thompson
et al., 2013; Henderson & Mapp, 2002; Jeynes, 2005; Mayer
et al., 2000; Reynolds, 2000; Reynolds & Clements, 2005;
Reynolds et al., 2002). In a large-scale survey of U.S. teachers,
researchers found that “educators across all subgroups identify
family involvement as the most critical factor of student
success, followed closely by high expectations for all students”
(Scholastic & Bill & Melinda Gates Foundation, 2012, p. 9).
Another review of research suggests that family engagement

is "beneficial across all levels of academic achievement for all
minority groups, and particularly for Latino populations” (Park
& McHugh, 2014, p. 2). “When parents are explicitly invited to
engage in school mathematics, research suggests that they do
so, regardless of race/ethnicity or education attainment level”
(Harper et al., 2021, p. 17).

Family involvement is particularly important for multilingual
learners and is additionally beneficial when the efforts feature
cultural sensitivity (Chrispeels & Gonzalez, 2004; Marschall,
2006; National Hispanic Caucus of State Legislators [NHCSL]
& the Tomas Rivera Policy Institute, 2010). Schools” initiatives
to boost at-home literacy experiences for multilingual learners
via collaboration with parents has been shown to yield
positive outcomes in language learning and general academic
achievement, especially when parents receive training and
supports (August & Shanahan, 2006; Rodriguez-Brown et al.,
1999).

Research also suggests family involvement for children of

lower socioeconomic backgrounds aids student understanding
and achievement in mathematics particularly, and when it
incorporates training in mathematical concepts for students’
caregivers, the efforts can yield additional benefits (Berger &
Riojas-Cortez, 2021; Harper et al., 2021; Knapp et al., 2017). In
a study of parents’ efforts to sustain and support their children’s
learning of mathematics during COVID-19 disruptions, Harper
and colleagues urge schools to continue collaboration with
parents, especially those in marginalized groups, by engaging
parents explicitly—less as task managers for home learning and
more as allies provided with the support they need (e.g., via
materials and tutorial videos in specific concepts) to effectively
support their children. “The mathematics education community
must take more seriously commitments to include parents

in the process of evolving and even revolutionizing school
mathematics. Renewed efforts are needed to bridge parents’

and children’s experiences with mathematics education” (p. 18).

RESEARCH FOUNDATIONS: EVIDENCE BASE, HMH GO MATH! | 58



HOW HMH GO MATH! DELIVERS

GO Math! provides evidence-based resources teachers can use to engage families throughout the school year.

Embedded through the Student Edition are Take Home Activities that involve parents and caregivers in ways that relate directly
to what students are learning so that they can actively participate in their children’s education, monitor their children’s progress,

and nurture their children’s interests.

In addition, the write-in format of the print Student Edition gives families a front-row seat to their child’s thinking and progress

over time, encouraging a strong home-school connection.

Math on the Spot video tutorials provide
instruction of the math concepts covered and
allow for family involvement in learning. In
addition, the write-in format of the print
Student Edition gives families a front-row seat
to their child’s thinking and progress over time,
encouraging a strong home-school connection.

School-Home Letters inform families about the skills, strategies, and topics students are encountering at school, extending rich

dialogue beyond the classroom. The School-Home Letters are available in English, Spanish, Portuguese, and Haitian Creole.

Family Room® supports diverse learning environments, facilitates remote learning, and ultimately connects families with Ed, the
HMH learning platform. There, caregivers and family members can find equitable, on-demand resources to help support their

children.
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ASSESSMENT, DATA,
AND REPORTS

60 | RESEARCH FOUNDATIONS: EVIDENCE BASE, HMH GO MATH!



"The results of large-scale mathematics assessments should not be used as the sole source of information to make high-
stakes decisions about schools, teachers, and students. High-stakes decisions should also take into account relevant and
valid data on classroom-based performance, such as formative and summative assessments of high quality that offer
students a range of opportunities to demonstrate their mathematical knowledge. Moreover, educational systems—states,
districts, and schools—should be held accountable for providing essential support for high-quality mathematics teaching

and learning before teachers and students are held accountable for assessment results” (NCTM, 2016, online).

Research continually demonstrates that data-driven approaches to mathematics instruction, entailing comprehensive,
ongoing monitoring of student progress toward meeting standards and other goals for learning and using that
information to guide instruction, is key to developing students’ math skills. “An excellent mathematics program ensures
that assessment is an integral part of instruction, provides evidence of proficiency with important mathematics content
and practices, includes a variety of strategies and data sources, and informs feedback to students, instructional decisions,

and program improvement” (NCTM, 2014, p. 5).

HMH GO Math! provides a variety of options for ongoing assessment and aids to monitor student progress and to

flexibly adjust instruction based on data about class and individual needs. These resources are available at the module

and lesson level.

ASSESSMENT, DATA, AND REPORTS

Ongoing, Integrated, Flexible Assessments for Data-Driven Instruction
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ONGOING, INTEGRATED, FLEXIBLE
ASSESSMENTS FOR DATA-DRIVEN

INSTRUCTION

Assessment is an integral part of effective instruction and is a
process by which teachers can continuously monitor student
understanding and use data to optimize student growth
toward learning goals. A wealth of studies indicates that
regular use of assessment to monitor student progress can
mitigate and prevent mathematical weaknesses and
improve student learning outcomes for all students (Black

& Wiliam, 1998a, 1998b; Clarke & Shinn, 2004; Kingston &
Nash, 2011; Klute et al., 2017; Lee et al., 2020; Roschelle

et al., 2016; Sondergeld et al., 2021; Stecker et al., 2005;
Wiliam, 2010, 2011).

Teachers can collect a variety of evidence before, during, and
after instruction to evaluate progress and adjust instruction
with the aim of best supporting each student. While timing
of administration throughout the school year is important,
it is also critical that a broad range of measures and tasks
be utilized diagnostically, formatively, and summatively to
compile a comprehensive picture of a student’s growth and
track that growth over time (Hattie et al., 2017; National
Mathematics Advisory Panel, 2008; NCTM, 2000, 2014). In
addition to improving instruction through the clarification
of instructional goals and determination of what constitutes
success, learning progressions also have the potential to
increase the effectiveness of classroom assessment (Moss,
2022; Sdez et al., 2013).

According to NCTM (2014), key aspects of effective
mathematics assessment practices include a focus on

evidence that identifies indicators of students’ mathematical
thinking along learning progressions that show how their
mathematical thinking develops over time as well as reliance
on ongoing, integrated formative assessment to monitor
progress and guide instructional decision-making. “Teachers
using assessment for learning continually look for ways in
which they can generate evidence of student learning, and
they use this evidence to adapt their instruction to better meet

their students’ learning needs” (Leahy et al., 2005, p. 23).
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Effective assessment tools allow teachers to collect data
about what is working and what is not so that they can take
precise, swift, and effective action to better serve students.
"Assessment should not merely be done to students; it
should also be done for students, to guide and enhance their
learning” (NCTM, 2000, p. 22).

DIAGNOSTIC ASSESSMENT

To make effective decisions about students’ instructional
needs, teachers rely on diagnostic assessment. Tailoring
instruction and supplemental practice based on the results
of valid diagnostic assessment improves learning outcomes
(Mayes et al., 2008). Diagnostic assessments provide data
about students’ prior knowledge and current skill levels within
a domain as well as preconceptions or misunderstandings
regarding learning material (Ketterlin-Geller & Yovanoff,
2009). A screening tool given to students at the opening

of the school year can help identify those who are at-risk or
need additional support (Fuchs & Fuchs, 2006).

FORMATIVE ASSESSMENT

The phrase “formative assessment” encompasses the
wide variety of activities—formal and informal—that
teachers employ throughout the learning process to
gather instructional data to assess student understanding
and to make and adapt instructional decisions. Formative
assessment moves testing from the end into the middle
of instruction, to guide teaching and learning as it occurs.
Effective teachers use formal tools (such as quizzes or
homework assignments) and informal tools (such as
discussion and observation) to regularly monitor student
learning and check student progress (Hattie & Clarke, 2018;
Hattie & Timperley, 2007; Heritage, 2013).



Curricula designed and developed for 21st-century learning
should use formative assessment to “(a) make learning

goals clear to students; (b) continuously monitor, provide
feedback, and respond to students’ learning progress; and (c)
involve students in self- and peer assessment” (Committee
on Defining Deeper Learning and 21st Century Skills, 2012,
p. 182). Prompt feedback to students is a key component

in effective formative assessment (Roschelle et al., 2016). In
its review of studies examining formative assessment, the
National Mathematics Advisory Panel (2008) concluded that
"“use of formative assessments benefited students at all ability
levels” (p. 46). However, formative assessment is especially
beneficial for lower-performing and at-risk students, including
those historically underserved due to ethnicity, poverty, and
disabilities and those enrolled in special education programs;
monitoring student progress and directly involving students in
the classroom assessment process shrinks achievement gaps
and improves overall achievement (Black & Wiliam, 1998a &
1998b; NCTM, 2020; Tibbitt, 2020; Xenofontos, 2019).

SUMMATIVE ASSESSMENT

Summative assessment differs from those that are formative

or diagnostic in nature because the purpose of summative
assessment is to determine the student’s overall achievement

in a specific area of learning at a particular time. Teachers can
effectively use summative assessments as another measure,

in another point in time, and with another means by which to
best evaluate student understanding. As part of an integrated
assessment system, summative measures can also help teachers
shape instruction and differentiate to personalize learning.

Summative assessments are also useful as accountability

measures for grading and gauging student learning against a set

of standards or expectations. Summative assessments provide
evaluative information to teachers about the effectiveness of
their instructional program. Research indicates that classroom
summative assessments also have the potential to positively
impact learning (Harlen, 2005; Moss, 2013; NCTM, 2016).

PERFORMANCE-BASED ASSESSMENT
Performance tasks allow teachers to engage students in real-

Iu

world activities and model “what is important to teach and...
what is important to learn” (Lane, 2013, p. 313). Assessment
systems in high-performing nations “emphasize deep
knowledge of core concepts within and across the disciplines,
problem-solving, collaboration, analysis, synthesis, and

critical thinking.

As a large and increasing part of their examination systems,
high-achieving nations use open-ended performance tasks...
to give students opportunities to develop and demonstrate
higher order thinking skills” (Darling-Hammond, 2010, p. 3).
Performance-based tasks may take different forms, require
different types of performances, and be used for different
purposes (formative or summative), but they are typically
couched in an authentic or real-life scenario and require high-

level thinking.

Research has established the benefits of performance-based
assessment. A review of classroom assessment practices in

an age of high-stakes testing led Schneider and colleagues
(2013) to conclude that “the value of high-quality performance
tasks should not be diminished and should be encouraged as
an important tool” (p. 66). Performance-based assessments

in STEM subjects specifically provide an alternative and
complement to standardized achievement tests because they
enable a holistic evaluation of the performance of an individual
student. For reasons of equity and accurate representation of
individual students’ knowledge and skills, performance-based
assessment appropriate for students from low SES levels are

essential (Zimmerman et al., 2020).

DATA-DRIVEN INSTRUCTIONAL DECISIONS
Data-driven instructional decision-making is the systematic
collection, analysis, and application of many forms of data from
multiple sources in order to identify students’ strengths and
weaknesses regarding learning objectives and subsequently
address student learning needs and optimize performance in
future instruction. Rigorous, ongoing formative assessment
that yields meaningful data is a fundamental component with
an effective data-driven decision-making system. Research
indicates that when it is implemented well, data-driven
instruction has the potential to dramatically improve student
achievement (Bambrick-Santoyo, 2014; Dunn et al., 2013;
Marsh et al., 2006; Schifter et al., 2014).
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HOW HMH GO MATH! DELIVERS

HMH GO Math! includes a wide range of diagnostic,
formative, and summative assessments to measure students’
understanding as they develop mastery of math standards.
The program allows teachers to gather data from multiple
sources to monitor student progress and drive decision-
making. Assessment tools are provided in varied formats,
in print and digitally, and offer flexibility as well as readily
actionable results. The program offers a range of Online
Assessments to benchmark student progress and inform
instruction. Measures also include Prerequisite Skills
Inventories, Benchmark Tests and Readiness Reviews,

Chapter Reviews and Tests, and Performance Tasks.

Learning Readiness and Show What You Know are diagnostic
tools that assess prior knowledge needed in each chapter
and provide recommendations for intervention and

individualized instruction.
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Ongoing formative assessment opportunities are embedded
throughout the program. These include Quick Check, a
quick formative assessment to determine student mastery of
lesson content and identify which differentiation resources

will be most useful for each student.

Reports allow immediate review of data with a class-level
breakdown of performance. Teachers can auto-sort students
into performance groups with the Grouping Report.
Standards Reports, Assessment Reports, and Suggested

Resources are also available.

Yearly progress can be tracked with HMH Growth Measure,
a valid and reliable student growth measure administered
digitally three times annually and designed to monitor
student growth and determine grade-level expectation.
Detailed data reports guide instructional decisions and help

provide individualized learning opportunities.



DIGITAL LEARNING
EXPERIENCE
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Over the past decade, policies and practices regarding technology use in classrooms around the country have shifted
incrementally to widespread—and widely varying—application. Concurrent with such trends, there has been an
emergence of growing evidence attesting to the positive impacts of technology in education as well as profound
advances and innovations within the technology itself. No longer a question of whether technology can improve
learning, the issues became how to enable technology to deliver improved learning outcomes for all students. Since
the start of the 21st century, educators in the United States have broadly adopted the understanding that “technology
can be a powerful tool for transforming learning. It can help affirm and advance relationships between educators and
students, reinvent our approaches to learning and collaboration, shrink long-standing equity and accessibility gaps, and

adapt learning experiences to meet the needs of all learners” (U.S. Department of Education, 2018, p. 3).

But when the global pandemic hit in 2020, digital learning suddenly and profoundly became—rather than a means

of improving education—a critical mission, the only way of providing instruction to students remotely. As Fisher and
colleagues (2020) noted, teaching in 2020 wasn't so much distance learning as crisis teaching. Educational technology,
in modes and methods, advanced leaps and bounds over the past several years. Yet, also, the digital divide along
socioeconomic lines was exposed to alarming degrees. Issues of access need to be rectified if all of our nation’s
students are to be equitably served by schools (Li, 2022). An additional barrier to broader adoption and implementation
of educational technologies exposed by pandemic necessity: lack of teacher training in both emergency and

intentional digital instruction (Johnson et al., 2022). While the long-term impacts of COVID-19 will continue to present
unprecedented challenges and uncertainties for schools, one point of clarity is that the future of education will rely,

in some significant part, on technology, which requires that educators have available to them resources that support

effective digital and blended hybrid instruction.

HMH GO Math! leverages cutting-edge technology to provide interactive, adaptive, personalized instruction, practice,

and assessment solutions aligned to state standards and addressing individual students’ ongoing needs.

DIGITAL LEARNING EXPERIENCE
Best Practices in Digital Learning ....co.io oot
Increased Agency and a More Personalized Approach to Instruction ..o,
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BEST PRACTICES IN DIGITAL

LEARNING

Before COVID-19 drove educators around the United States
and the world to suddenly switch to remote teaching in
early 2020, the number of students receiving instruction in
online and blended learning environments had been steadily
growing (Gemin & Pape, 2017; Graham et al., 2019). While
this area of inquiry is relatively new, findings that emerged
over the past two decades indicate that digital learning has
enormous potential to positively transform education for
diverse groups of students when evidence-based practices
are incorporated into instructional design (Chen et al.,
2018; Johnson et al., 2022; Patrick & Powell, 2009; U.S.
Department of Education, 2010, 2016). Improvements in
student-centered, cooperative, and higher-order learning,
as well as problem-solving and writing skills, have been
found within computer-intensive classroom settings (Ross
etal., 2010). In 2016, the U.S. Department of Education
reported that technology-intensive instruction can make
education more equitable by closing the digital-use divide
and making transformative learning opportunities available

to all students.

Blended learning utilizes both device-driven, technology-
based instruction and face-to-face instruction in a
conventional classroom context, with the objective to
maximize the advantages of each. Research findings on the
effects of blended learning are strikingly positive (Delgado et
al., 2015; Tamim et al., 2011). In a meta-analysis examining
online and traditional face-to-face instruction with mixes of
both, blended instruction emerged as the most effective of
the three approaches (U.S. Department of Education, 2010).
Likely because blended learning teaches students through
engaging media and modes that fit with their daily practices
and experiences, students tend to view blended learning
favorably (URur et al., 2011). Blended learning opportunities
specifically expand the possibility of growth for all students
while affording historically disadvantaged students’ greater
equity of access to high-quality education, in the form of
both enhanced, instructionally effective content and more
personalized learning (Molnar, 2014) that affords students
greater control over path, pace, time, and place (O'Byrne &
Pytash, 2015).
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An established body of evidence indicates that instruction
improves when technology-based multimedia is
incorporated; the effect is enhanced student engagement
and motivation as well as reduced cognitive load, factors that
facilitate learning (Abdoolatiff & Narod, 2009; Chen et al.,
2018; Johnson et al., 2022; Mayer, 2013, 2017). “Advances
in computer and communication technologies now allow
instructors to supplement verbal modes of instruction with
visual modes of instruction, including dazzling graphics that
students can interact with. Research on multimedia learning
provides encouraging evidence that under appropriate
circumstances, students learn better from words and pictures
than from words alone” (Mayer, 2013, p. 396).

Effective digital learning environments utilize technology

to improve differentiation of instruction, which by necessity
includes real-time assessment and prompt feedback (Curtis
& Werth, 2015; Johnson et al., 2022; Turley & Graham,
2019). Digital programming offers an additional benefit

of increased automation, which can significantly simplify
educators’ lives by eliminating low-value manual tasks such
as attendance records and student assessment data entry.
The further impact of allowing digital platforms to capture
student achievement data is a freeing up of resources so that
educators can “take advantage of the things that leading
brick-and-mortar schools do well, such as creating a strong,
supportive culture that promotes rigor and high expectations
for all students, as well as providing healthy, supportive

relationships and mentorship” (Horn & Staker, 2011, p. 7).



Research suggests that the best practices in blended learning
are largely the same as those in traditional classrooms but
with some critical adaptations within the digital environment
(Anthony, 2019; Borup & Archambault, 2018) since successful
technology-based learning demands specific skills and must
meet individual developmental needs of students (Johnson

et al., 2022; Pulham & Graham, 2018; O'Byrne & Pytash,
2015). To achieve optimal growth, blended learning should
support teachers in being flexible and responsive to students,
to integrate multiple data sources into their constant stream
of formative assessment, and to deliberately incorporate
more rigorous learning activities (Anthony, 2019). In a large-
scale study, Kwon and colleagues (2019) found that for online
learning to be successful, it is important that teaching is
structured so that students make steady attempts to complete
learning tasks, ideally with students’ own self-regulated learning

scaffolded by course pacing guides.

As Fisher et al. (2020) emphasize, it is the choice of task that
matters in advancing learning—not the medium. Teachers should
use technology as the means and starting point, not the core of
teaching. Same principles of effective instruction that apply in
conventional classroom settings apply in digital instruction. As
Hattie’s (2018, with Clarke) ongoing findings about best practices
with technology continue to affirm, these principles include:
fostering student self-regulation to help them move toward
deeper learning, increasing student agency, including a diversity
of instructional approaches (not just some direct instruction and
then some offline independent work), including well-designed
peer learning, and providing feedback within a high-trust

environment integrated into the learning cycle.

Virtual reality simulations in learning environments that imitate
a real-life process or situation and which allow learners to test
effects of their hypotheses on intended outcomes have been
shown to boost learning outcomes (Castaneda, 2008; Dani

& Koenig, 2008; Johnson et al., 2022; Merchant et al., 2012).
“Technology can help learning move beyond the classroom and
take advantage of learning opportunities available in museums,
libraries, and other out-of-school settings” (U.S. Department of
Education, 2016, p. 12).

The U.S. Department of Education (2019) stresses how
technology plays a central role in STEM education in terms

of both its role within the STEM professions today’s students
are being trained for as well as the potential that technology
has to significantly improve both experiences and outcomes
for students as they learn STEM concepts and build STEM
knowledge throughout their K-12 educations. The dimensions
of digital instruction that support powerful STEM learning

generally, and math specifically, include the following:

e Dynamic representations: Students can more effectively
develop STEM concepts via interactions with digital

models, simulations, and dynamic representations.

e  Collaborative reasoning: Technology platforms support
students’ collaborative discussion and shared construction
of STEM concepts, fostering engagement and equalizing

participation.

¢  Immediate and individualized feedback: Digital tools
provide students with prompt and customized feedback
as they practice or demonstrate their STEM skills, yielding

faster and improved learning outcomes.

e Computational thinking: Students can use technology to
engage in formulation, analysis, and solving of problems
using algorithms, data, and simulations to investigate

questions and build new understandings about phenomena.

*  Project-based interdisciplinary learning: Both process
and product are enriched when students utilize technology
tools in the context of authentic project- or challenge-based

learning activities that integrate multiple STEM fields.

e Embedded assessments: Assessments aligned to
ongoing STEM instruction and delivered digitally provide
opportunities for students to reflect on and demonstrate

and for teachers to evaluate their learning.

e  Evidence-based models: Students use technology to

reference or create models based on data and evidence.
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HOW HMH GO MATH! DELIVERS

HMH GO Math! provides a full, dynamic digital experience
for both students and teachers, and a wide variety of
additional resources and support through program content

available on Ed, HMH’s online learning platform

The program’s Online Student Experience provides
interactive practice with engaging Launch Activity lessons,

hints, and corrective feedback.

>Lesson 1 Add or
Subtract Parts of
aWhole

>Engage: Add or

Subtract Parts of
aWhole

> Explore: Add or
Subtract Parts of
aWhole

> Explain: Add or
Subtract Parts of
aWhole

> Elaborate: Add or
Subtract Parts of
aWhole

> Evaluate: Add or
Subtract Parts of
aWhole

The program’s Online Teacher Experience provides complete
support for lesson planning, assigning resources, viewing
reports, and grouping. It also gives teachers flexible multi-
grade access to both prerequisite and challenge content for

standards progressions.
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GO Math! with Waggle is part of the HMH suite of digital
solutions connected by HMH Growth Measure on Ed and
connected to the program at point-of-use, allowing for

seamless integration.

Waggle propels the GO Math! digital experience to the
cutting edge, offering highly individualized, interactive,
engaging instruction and ongoing, targeted assessment.
Lessons within Waggle provide instruction, reinforcement,
and guided independent practice with embedded,
dynamic multimedia content. The platform is also adaptive,
providing students with ongoing practice in skills and fluency
customized to their specific needs in meeting rigorous math
standards. The digital features include a text-to-speech
button that provides multimodality, links to background
information on related topics to spark curiosity and interest,

and hints for extra support.

Waggle also offers language support in the form of fully

adapted lesson content in Spanish.

HMH Growth Measure can be used to track yearly progress
and provide further personalized pathways of skills-based
instruction and practice. This valid and reliable student
growth measure is administered digitally three times per year
and is designed to monitor student growth and determine
grade-level expectations. Detailed data reports are used to
guide instructional decisions and help provide individualized

learning opportunities.

HMH Go™ is an app that gives students the ability to

download their core digital resources for later offline use.



INCREASED AGENCY AND A
MORE PERSONALIZED APPROACH

TO INSTRUCTION

Digital learning opportunities expand the possibility of
growth for all students in the form of enhanced, instructionally
effective, and engaging content, as well as more personalized
learning with preferred modalities; agency over the pace of
their own learning; and more frequent and timely feedback—
while affording historically disadvantaged students additional
benefits via greater equity of access to high-quality education
(Johnson et al., 2022; Molnar, 2014; O'Byrne & Pytash, 2015;
U.S. Department of Education, 2016). “Digital learning has the
capacity to transform schools into new models for education
that are student-centric, highly personalized for each learner,
and more productive, as it delivers dramatically better results

at the same or lower cost” (Horn & Staker, 2011, p. 2).

Research shows that effective technology use in the classroom
motivates students to take charge of their own learning, and
that digital learning itself is enhanced when students are given
more control over their interaction with media (Horn & Staker,
2011; O'Byrne & Pytash, 2015; U.S. Department of Education,
2010). Technology is increasingly being utilized in the United
States to personalize learning and give students more choice
over what and how they learn—and at what pace; this will
better prepare students to organize and direct their learning
in their lives even after formal schooling (U.S. Department

of Education, 2016). “Online learning has the potential to
transform teaching and learning by redesigning traditional
classroom instructional approaches, personalizing instruction,
and enhancing the quality of learning experiences.” (Patrick &
Powell, 2009, p. 9).

Other researchers have indicated that multimedia learning
leads to increased student motivation because of the
responsiveness and student control these environments allow
and the subsequent engagement in active learning (Chen et
al., 2018; Johnson et al., 2022; Schunk et al., 2008; Sims et al.,
2002). Multimedia learning can further reduce cognitive load
(Mayer, 2017). Zhang (2005) found students in a full interactive
multimedia-based e-learning environment achieved better
performance and higher levels of satisfaction than those in a
traditional classroom and those in a less interactive e-learning
environment, with a lack of control over content diminishing

potential benefits.

“This study implies that to create effective learning, e-learning
environments should provide interactive instructional content
that learners can view on a personalized self-directed basis” (p.
160). However, a student’s individual capacity to self-regulate,
important in all educational settings, is a critical factor in
digital learning in particular; self-efficacy and developmental
needs must be carefully considered in the delivery of online

instruction (Johnson et al., 2022).

A blended learning approach specifically offers a more
consistent and personalized pedagogy that helps each child
feel and be successful at school. Digital learning tools can
provide more flexibility and support for individual students

by modifying content and complexity; additionally, advances
in software technology have increased adaptive learning and
improved feedback. By providing a diverse array of online and
other digital resources, technology supports learning drawn
from real-world challenges and students’ personal interests
and passions while also aiding the organization of a project-
based curriculum (U.S. Department of Education, 2016).
Further, current digital learning platforms afford opportunities
for timely progress monitoring and assessment; teachers can
use such technologies to meet instructional needs of individual
students as well as provide prompt, direct feedback to guide
specific learning (Kerton & Cervato, 2014; Johnson et al.,
2022; Pulham & Graham, 2018; Roschelle et al., 2016; Turley &
Graham, 2019).

Digital learning can also increase the capacity for students to
work together. Computer-based collaborative tools allow for
online interactions that can create and strengthen a community
of learners while fostering students’ communication and
collaboration skills (Dikkers, 2018). “What makes blended
learning particularly effective is its ability to facilitate a

community of inquiry” (Garrison & Kanuka, 2004, p. 97).
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HOW HMH GO MATH! DELIVERS

GO Math! with Waggle features child-centered, active, Teachers can leverage the HMH Growth Measure to place
engaging instruction and ongoing, targeted assessment with children on personalized pathways of skills-based instruction
powerful personalization. This platform provides students and practice, or choose the assignments that extend their
with rigorous practice in skills and fluency that rigorous instruction. GO Math! and Waggle are part of HMH’s suite of
math standards require. The technology is also adaptive, digital solutions connected by HMH Growth Measure on Ed.

so students’ individual strengths and needs are met
continuously, and their progress is monitored in real time.

Waggle allows flexibility in and out of the classroom.

Waggle offers teachers effective monitoring of student
progress continuously in real time and at both the
individual and class level to aid instructional planning

and optimize learning. As a bonus feature, Waggle also
allows students to personalize their learning experience
via their own dashboards and with the selection of avatars
and environments through which they progress through
the interactive programming on the platform. To bolster
engagement—Dby injecting more fun—the platform also
features familiar, age-appropriate gaming elements,

including gathering and redeeming rewards.
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PROFESSIONAL
LEARNING AND
SERVICES
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HMH GO Math! features practical approaches to professional learning that support teachers in becoming developers

of high-impact learning experiences for their students. Comprehensive blended professional learning solutions are data
and evidence driven, mapped to instructional goals, and centered on students. HMH allows teachers to achieve agency
in their professional growth through effective instructional strategies, embedded teacher support, and ongoing blended

professional learning relevant to everyday teaching.

PROFESSIONAL LEARNING AND SERVICES
Connected Professional and Personalized Learning
Coaching to Strengthen Teaching and Learning...........ccccccoiiiiiiiiiiiiiiic e
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CONNECTED PROFESSIONAL AND
PERSONALIZED LEARNING

Effective, curriculum-based professional learning (PL) consists
of ongoing, active experiences that focus on improving

the rigor and impact of instructional practices and ideally
replicate the learner-centered approaches that teachers

are expected to provide for their students. Elements of
effective, curriculum-based PL include high-quality educative
curriculum materials; transformative learning experiences
that shift teachers’ attitudes, beliefs, and practices; and

a prioritization of equity to ensure all students meet high
expectations. Functional design elements include learning
designs that model inquiry-based instruction, experiences
to shift teachers’ beliefs, opportunities for reflection and
feedback, and change-management strategies that address
individual concerns and group challenges. Finally, structural
design features include collective participation in which
teachers practice and reflect on the curriculum, models of
learning that evolve from initial use to ongoing support

to building capacity, and a considered use of time. These
elements of effective, curriculum-based PL must exist in a
system with strong leadership, adequate resources, and

coherence toward common goals (Short & Hirsh, 2020).

How professional learning is delivered has an impact on

its effectiveness. PL programs with teacher-to-teacher
collaboration focused on instructional improvement—
whether in professional learning communities (PLCs), teacher
teams, or group work in PL sessions—have demonstrated
improvement in teachers’ instructional skills. Another
effective practice is conducting follow-up meetings or
coaching sessions after the initial implementation of a
program so that teachers can share their experiences and
receive feedback. The content of the PL is equally important.
It should focus on subject-specific instructional practices (not
merely content knowledge), prioritize specific supportive
materials over general principles, and help teachers build

stronger relationships with students (Hill & Papay, 2022).
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A systematic review of effective professional learning for
STEM teachers found that it is necessary to have discipline-
specific content highly relevant to participating teachers’
classroom contexts that is delivered to teachers via inquiry-
based learning experiences. This approach both engages
teachers as learners and models effective strategies for
teachers to deliver science content to their students (Bancroft
& Nyirenda, 2020).

A recent meta-analysis of 95 studies investigating STEM
professional development programs found an average
weighted impact estimate of +0.21 standard deviations.
Programs saw stronger outcomes when they helped
teachers learn to use curriculum materials; focused on
improving teachers’ content knowledge, pedagogical
content knowledge, and/or understanding of how students
learn; incorporated summer workshops; and included
teacher meetings to troubleshoot and discuss classroom

implementation (Lynch et al., 2019).

Current reform efforts across disciplines require significant
shifts in teachers’ roles from traditional, rote, fact-based
approaches to fostering students’ deeper engagement,
critical thinking, and problem-solving. For schools to
support these standards and instructional practices, effective
professional learning during the implementation stage, when
teachers are learning and committing to an instructional
approach, is critical (Gulamhussein, 2013). While technology
transforms the teacher’s role, this does not mean that
evidence-based teaching practices should be discarded. In
fact, effective instruction results when teachers purposefully
combine these tools with proven instructional approaches
(Kieschnick, 2017).



The Professional Learning Models (PLMs) for Success in
Mathematics project was designed to support mathematics
educators with evidence-based professional learning through
modeling of effective instructional practices, job-embedded
collaboration, and opportunities for feedback and reflection
(Araoz et al., 2019). The PLMs are focused on developing
evidence-based teaching practices, including facilitating
meaningful mathematical discourse and implementing

tasks that promote reasoning. The PLMs are currently being
implemented and studied (Araoz et al., 2019).

Effective professional learning, whether in-person, online, or
blended, offers teachers coherent experiences so that their
learning is connected to their work in the classroom, and it
builds proficiency. This approach includes alignment between
the study of theory and practice, observation of practice,
individual coaching, and further practice and reflection through
collaboration. Each of these components is essential to support
and build on the content and pedagogy that is learned,
observed, and practiced in each of the other components
(Rock, 2019).

Many school districts and providers of teachers’ professional
development are moving toward a more personalized model
of professional development, taking a cue from the movement
toward personalized learning for students. This approach often
focuses on short modules, which teachers can choose and then
complete on their own time. The modules can incorporate
aspects of gamification, micro-credentialing, and online
professional development communities. By allowing teachers
to choose their own professional development courses and
activities and complete them in their own place at their own
pace, the professional development will be better matched to
their needs. Teachers will be able to set goals, find resources
to help them meet those goals, track their progress, and get
feedback from supervisors and colleagues (Gamrat et al., 2014;
Meeuwse & Mason, 2018).
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HOW HMH GO MATH! DELIVERS

HMH provides a continuum of connected professional
learning designed to foster teacher agency, promote
collaboration, and build collective efficacy and capacity to
support teachers’ role as designers of quality instruction.
Through strategic planning, guided implementation
support, and blended coaching, HMH helps schools and
districts achieve measurable gains with professional learning

centered on research-based practices and student outcomes.

HMH GO Math! Includes Guided Implementation Support.

Guided Implementation Support for HMH GO Math!

helps educators build confidence and success with their
new math program. A Getting Started session provides
learner-centered foundational program knowledge through
exploration and hands-on activities and is the first step

toward a successful implementation.

Ongoing training and support resources are also provided
through the Teacher Success Pathways on Ed, HMH’s learning
platform. There, teachers access program-specific guided
learning pathway(s) focused on subject-specific instructional
practices. A recommended sequence of topics, which includes
live sessions, videos, interactive media, and related resources,
helps teachers plan, teach, utilize teaching materials, and

assess student learning using their new HMH program.
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HMH continues to provide a personalized model for
professional development by engaging teachers throughout
the school year and adoption via Teacher’s Corner on Ed.
Teachers have access to a searchable library including
classroom videos, tips from other teachers, teacher-to-
teacher collaboration through live events, and additional
content and support from HMH's experienced Instructional

Coaches. Please visit us at https://www.hmhco.com/

programs/teachers-corner for a quick video tour. Teacher's

Corner includes the following:

. Live Events: Educators learn from HMH coaches,
thought leaders, and fellow educators in live online

sessions with active participation and feedback.

e  Getting Started: Teachers can get their classes up and
running with interactive guides that provide step-by-
step instructions, videos, and tips from other teachers
and HMH coaches.

e Program Support: This provides on-demand teaching
resources and professional learning tools, including
model lesson videos, teacher tips, interactive support,

and more.

e The Breakroom: Teachers can be inspired with ideas
from other educators, new lesson resources, and

reflection opportunities.

®  Leader’s Corner: Teachers can have district and site-
based leader access to program support and resources

to assist with program implementation.

e Family Room: This feature dedicates a space with
personalized, easily accessible, and on-demand

resources to parents and students.

HMH Professional Learning is recognized as a provider

of effective and relevant professional learning by the
Professional Learning Partners Guide. HMH Professional
Learning received a “high-quality” rating in three key areas:
Launching Instructional Materials, Ongoing Professional
Learning for Teachers, and Ongoing Professional Learning

for Leaders.



COACHING TO STRENGTHEN
TEACHING AND LEARNING

Research has demonstrated that sustained, job-embedded
coaching is the most effective form of professional learning,
whether it is delivered in person or online. Coaching delivered
in person is most effective when coaches are highly expert and
focus their work with teachers on a clearly specified instructional
model or program. Other opportunities for teachers to develop
their knowledge of the targeted instructional model (e.g., in
courses, workshops, or coach-led learning groups) are also

an important component of successful coaching programs.
Online coaching shows promise for being at least as effective
as in-person coaching for improving outcomes, though the
research base comparing delivery systems is thin. The balance
of evidence to date, however, suggests that the medium
through which coaching is delivered is less important than the
quality and substance of the learning opportunities provided to

teachers (Matsumara et al., 2019).

A recent meta-analysis of coaching programs found overall
effect sizes of 0.49 SD on instructional practices and 0.18 SD
on student achievement. Encouragingly, teachers who received
virtual coaching performed similarly to teachers who received
in-person coaching for improving both instructional practices
and student achievement. The authors identified several
aspects of online coaching as potential strengths: increasing
the number of teachers with whom a high-quality coach can
work, reducing educators’ concern about being evaluated by
their coach, and lowering costs while increasing scalability
(Kraft et al., 2018).

The best evidence for coaching is found for one-to-one
coaching, where coaches observe and offer feedback on
teachers’ practice. There is not a great deal of research on
specific coaching practices, but effective coaches might
engage in co-planning, modeling, or guiding teacher
reflection. Effective coaching is time-intensive, and the most
successful programs have invested in the selection, training,
and ongoing support of their coaches (Hill & Papay, 2022).

Online coaching programs can be operated at relatively

lower costs, are scalable, and make it more feasible to pair
teachers with coaches who have expertise in their content
area and grade level. Results from a randomized field trial
documented sizable and sustained effects on both teachers’
ability to analyze instruction and on their instructional practice,
as measured by the Mathematical Quality of Instruction
instrument and student surveys. However, these improvements
in instruction did not result in corresponding increases in math
test scores as measured by state standardized tests or interim
assessments (Kraft and Hill, 2020).

The International Society for Technology in Education (ISTE)
embraces a professional development model that includes
effective coaching, collaborative communities, and a
technology-rich environment. Effective coaching is contextual,
relevant, and ongoing. ISTE recommends that school districts
chose a coaching model that best fits the needs of their
teachers, whether it is cognitive coaching, instructional
coaching, or peer coaching (Beglau et al., 2011). Effective
professional learning programs provide continued follow-up

and support from coaches (Sweeney, 2010).

Virtual coaching can provide a framework for a shared
leadership structure that focuses on facilitating teachers’
autonomy, self-management, empowerment, and cooperation.
Because the coach and the teacher jointly pursue the goal

of increased student achievement, virtual coaching provides
social support for both parties, leading to enhanced emotional
and psychological strength. Any coaching relationship—
traditional or virtual—builds on several underlying qualities of
both teacher and coach. Chief among them are a willingness
to change, a trusting relationship, a high level of initiative, and
a personal and organizational commitment to the workplace
(Blackman, 2010).

RESEARCH FOUNDATIONS: EVIDENCE BASE, HMH GO MATH!
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HOW HMH GO MATH! DELIVERS

HMH Coaching for HMH GO Math! offers individuals or
teams of teachers sustainable, data-driven, and personalized
support aligned to each teacher’s learning goals. Our
research-based blended coaching model is student focused
and proven to help teachers improve their practice and raise

student achievement.

ANALYZE

student data to
establish goals

REVIEW
PROGRESS SET

student learning targets
and reflect on results Y

Our Research-Based
Coaching Model
for Teachers

APPLY

learning in the classroom

LEARN

new instructional skills

Expert coaches support teachers’ success as they work
together over the year to plan instruction and implement
HMH GO Math! in the classroom. HMH offers blended
coaching to provide teachers with personalized support

to best integrate HMH GO Math! with their everyday
instructional practices while also facilitating teachers'’
autonomy and confidence. HMH coaches build strong
relationships by helping teachers select, monitor, and
achieve their goals. Coaching sessions may include 1-20
teachers and are centered on evidence of student learning.
HMH Coaches may model high-impact instructional
strategies, answering program and practice questions,
offering observation and feedback, or leading cohort-based

professional learning.

RESEARCH FOUNDATIONS: EVIDENCE BASE, HMH GO MATH!

The Coaching Membership experience includes access to

the award-winning HMH Coaching Studio. In this online
community, participants can access additional resources and
collaborate with their coach and colleagues to address their
students’ most pressing learning needs. Through Coaching

Studio, teachers have access to:

. Goal Tracker, which allows teachers to have access to

growth goals personalized to them,

. Model Lesson Library, which has hundreds of HMH

classroom and expert videos of best practices,

. Collaboration Hub, where teachers can find discussion
forums, resource sharing, and video-based reflection to

drive collaboration with their coach and peers, and

e Video-Powered Coaching, which allows teachers to
upload video of their instruction for reflection or to

share with their coach and peers.



79

REFERENCES

Abassian, A., Safi, F,, Bush, S., & Bostic, J. (2020). Five different
perspectives on mathematical modeling in mathematics
education. Investigations in Mathematics Learning, 12(1), 53-65.
https://doi.org/10.1080/19477503.2019.1595360

Abdoolatiff, S., & Narod, F. B. (2009). Investigating the effectiveness
of computer simulations in the teaching of “atomic structure and
bonding.” Chemistry Education in the ICT Age, 85-100. https://
doi.org/10.1007/978-1-4020-9732-4_10

Achieve, Inc. (2010). Comparing the Common Core State Standards
in Mathematics and NCTM'’s Curriculum Focal Points.

Agrawal, J., & Morin, L. L. (2016). Evidencelbased practices:
Applications of concrete representational abstract framework
across math concepts for students with mathematics disabilities.
Learning Disabilities Research & Practice, 31(1), 34-44.

Aguirre, J. M., Mayfield-Ingram, K., & Martin, D. B. (2013). The
impact of identity in K-8 mathematics learning and teaching:
Rethinking equity-based practices. The National Council of
Teachers of Mathematics, Inc.

Alberti, S. (2013). Making the shifts. Educational Leadership, 70(4),
24-27.

Allan, S. D., & Goddard, V. L. (2010). Differentiated instruction and
RTI: A natural fit. Educational Leadership, 68(2), 1.

Almarode, J., & Vandas, K. (2018). Clarity for learning: Five essential
practices that empower students and teachers. Corwin Press.

Anthony, E. (2019). (Blended) Learning: How traditional best
teaching practices impact blended elementary classrooms.
Journal of Online Learning Research, 5(1), 25-48.

Anwar, S., Bascou, N. A., Menekse, M., & Kardgar, A. (2019). A
systematic review of studies on educational robotics. Journal of
Pre-College Engineering Education Research (J-PEER), 9(2), 2.
https://doi.org/10.7771/2157-9288.1223

Araoz, C., Buffington, P, DePiper, J. N., & Yamaguchi, R. (2019,
March 28). Professional learning models to support student
success in mathematics. |ES Regional Educational Laboratory
Program. https://ies.ed.gov/ncee/rel/Products/Blog/-89768

Arcavi, A. (2003). The role of visual representations in the learning
of mathematics. Educational Studies in Mathematics, 52(3),
215-241. https://doi.org/10.1023/A:1024312321077

Askew, M., Bishop, S., Christie, C., Eaton, S. Griffin, P., & Morgan, D.
(2015). Teaching for mastery: Questions, tasks and activities to
support assessment. Oxford University Press.

August, D., & Shanahan, T. (2006). Developing literacy in second-
language learners: Report of the National Literacy Panel on
Language-Minority Children and Youth. Lawrence Erlbaum
Associates.

REFERENCES

Baker, A. T., & Cuevas, J. (2018). The importance of automaticity
development in mathematics. Georgia Educational Researcher,
14(2), 2. https://doi.org/10.20429/ger.2018.140202

Ball, D. L., Ferrini-Mundy, J., Kilpatrick, J., Milgram, R. J., Schmid,
W., & Schaar, R. (2005). Reaching for common ground in K-12
mathematics education. Notices of the AMS, 52(9), 1055-1058.

Bambrick-Santoyo P. (2014, February 1). Make students college-
ready in high school. Phi Delta Kappan, 95(5), 72-73.

Bancroft, S. F., & Nyirenda, E. M. (2019). Equity-focused K-12
science teacher professional development: A review of the
literature 2001-2017. Journal of Science Teacher Education,
31(9), 1-57. https://doi.org/10.1080/1046560X.2019.1685629

Bansak, C., & Starr, M. (2021, January 18). COVID-19 shocks to
education supply: How 200,000 U.S. households dealt with the
sudden shift to distance learning. Review of Economics of the
Household, 19(1), 63-90. https://doi.org/10.1007/s11150-020-
09540-9

Barnard, W. M. (2004). Parent involvement in elementary school and
educational attainment. Children and Youth Services Review,
26(1), 39-62. https://doi.org/10.1016/j.childyouth.2003.11.002

Baroody, A. J. (2006). Why children have difficulties mastering the
basic number combinations and how to help them. Teaching
Children Mathematics, 13(1), 22-31.

Baroody, A. J., Bajwa, N. P, & Eiland, M. (2009). Why can’t Johnny
remember the basic facts? Developmental Disabilities Research
Reviews, 15(1), 69-79. https://doi.org/10.1002/ddrr.45

Barton, P. E., & Coley, R. J. (2007). The family: America’s smallest
school. Educational Testing Service.

Battey, D. (2013). “Good"” mathematics teaching for students of color
and those in poverty: The importance of relational interactions
within instruction. Educational Studies in Mathematics, 82(1),
125-144. https://doi.org/10.1007/s10649-012-9412-z

Beglau, M., Hare, J. C., Foltos, L., Gann, K., James, J., Jobe, H.,
Knight, & Smith, B. (2011). Technology, coaching, and community.
In ISTE, An ISTE White Paper, Special Conference Release.

Berger, E. H., & Riojas-Cortez, M. (2021). Families as partners in
education: Families and schools working together (10th ed.)
Pearson.

Berry, R. Q. (2018). Thinking about instructional routines in
mathematics teaching and learning. NCTM Messages from the
President. https://www.nctm.org/News-and-Calendar/Messages-
from-the-President/Archive/Robert-Q_-Berry-Ill/Thinking-about-
Instructional-Routines-in-Mathematics-Teaching-and-Learning

Bill & Melinda Gates Foundation. (2014). Teachers know best:
Teachers’ views on professional development.



Black, P, & Wiliam, D. (1998a). Inside the black box: Raising
standards through classroom assessment. Phi Delta Kappan,
80(2), 139-148.

Black, P, & Wiliam, D. (1998b). Assessment and classroom learning.
Assessment in Education: Principles, Policy, & Practice, 5(1),
7-73. https://doi.org/10.1080/0969595980050102

Blackman, A. (2010). Coaching as a leadership development tool
for teachers. Professional Development in Education, 36(3),
421-441. https://doi.org/10.1080/19415250903208940

Blackwell, L. S., Trzesniewski, & Dweck, C. S. (2007). Implicit theories
of intelligence predict achievement across an adolescent
transition: A longitudinal study and an intervention. Child
Development, 78(1), 246-263. https://doi.org/10.1111/.1467-
8624.2007.00995.x

Blatto-Vallee, G., Kelly, R. R., Gaustad, M. G., Porter, J., & Fonzi, J.
(2007). Visual spatial representation in mathematical problem
solving by deaf and hearing students. Journal of Deaf Studies
and Deaf Education, 12(4), 432-448. https://doi.org/10.1093/
deafed/enm022

Bobis, J., & Way, J. (2018). Building connections between
children’s representations and their conceptual development
in mathematics. In V. Kinnear, M. Lai, & T. Muir (Eds.), Forging
connections in early mathematics teaching and learning. Early
Mathematics Learning and Development. Springer.

Boddy, N., Watson, K., & Aubusson, P. (2003). A trial of the five Es: A
referent model for constructivist teaching and learning. Research
in Science Education, 33(1), 27-42.

Booth, J. L., Lange, K. E., Koedinger, K. R., & Newton, K. J. (2013).
Using example problems to improve student learning in
algebra: Differentiating between correct and incorrect examples.
Learning and Instruction, 25(2), 24-34. https://doi.org/10.1016/].
learninstruc.2012.11.002

Borup, J., & Archambault, L. (2018). K-12 blended and online
competencies, standards, retention, and attitudes. Journal of
Online Learning Research, 4(1), 1-3.

Bouck, E. C., & Park, J. (2018). A systematic review of the literature
on mathematics manipulatives to support students with
disabilities. Education and Treatment of Children, 31(1), 65-106.

Bray, W. S., Dixon, J. K., & Martinez, M. (2006). Fostering
communication about measuring area in a transitional language
class. Teaching Children Mathematics, 13(3), 132-138. https://
doi.org/10.5951/TCM.13.3.0132

Bruner, J. S. (1966). Toward a theory of instruction (Vol. 59). Harvard
University Press.

Bryk, A. S., Sebring, P. B., Allensworth, E., Luppescu, S., & Easton,
J. Q. (2009). Organizing schools for improvement: Lessons from
Chicago. University of Chicago Press.

Burns, M. K., Appleton, J. J., & Stehouwer, J. D. (2005). Meta-
analytic review of responsiveness-to-intervention research:
Examining field-based and research-implemented models.
Journal of Psychoeducational Assessment, 23(4), 381-394.
https://doi.org/10.1177/073428290502300406

Burns, M., & Silbey, R. (2000). So you have to teach math?: Sound
advice for K-6 teachers. Math Solutions.

Bybee, R. W., Taylor, J. A., Gardner, A., Van Scotter, P, Powell, J. C.,
Westbrook, A., & Landes, N. (2006). The BSCS 5E instructional
model: Origins, effectiveness, and applications. BSCS, 5, 88-98.

Cai, J., Wang, N., Moyer, J. C., Wang, C., & Nie, B. (2011).
Longitudinal investigation of the curricular effect: An analysis of
student learning outcomes from the LieCal Project in the United
States. International Journal of Educational Research, 50(2),
117-136. https://doi.org/10.1016.].ijer.2011.06.006

Carbonneau, K. J., Marley, S. C., & Selig, J. P. (2013). A meta-
analysis of the efficacy of teaching mathematics with concrete
manipulatives. Journal of Educational Psychology, 105(2),
380-400. https://doi.org/10.1037/a0031084

Carpenter, T. P, Fennema, E., Franke, M. L., Levi, L., & Empson, S.
B. (2015). Children’s mathematics. Cognitively guided instruction
(2nd ed.). Heinemann.

Carpenter, T. P, Franke, M. L., & Levi, L. (2003). Thinking
mathematically: Integrating arithmetic & algebra in elementary
school. Heinemann.

Carr, M., & Alexeev, N. (2011). Fluency, accuracy, and gender
predict developmental trajectories of arithmetic strategies.
Journal of Educational Psychology, 103(3), 617-631. https://doi.
org/10.1037/a0023864

Castaneda, R. (2008). The impact of computer-based simulation
within an instructional sequence on learner performance in a
Web-based environment (Publication No. 3304816) [Doctoral
dissertation, Arizona State University]. ProQuest Dissertations
Publishing.

Chamberlin, M. T., & Powers, R. A. (2010). The promise of
differentiated instruction for enhancing the mathematical
understandings of college students. Teaching Mathematics
and Its Applications: An International Journal of the Institute of
Mathematics and Its Applications, 29(3), 113-139.

Chapin, S. H., O’Connor, C., & Anderson, N. C. (2009). Classroom
discussions: Using Math Talk to help students learn, Grades 1-6
(2nd ed.). Math Solutions Publications.

Charles, R. I. (2005). Big ideas and understandings as the foundation
for elementary and middle school mathematics. Journal of
Mathematics Education Leadership, 7(3), 9-24.

Chen, B., Bastedo, K., & Howard, W. (2018). Exploring design
elements for online STEM courses: Active learning, engagement
& assessment design. Online Learning, 22(2), 59-75. https://doi.
org/10.24059/0lj.v22i2.1369

REFERENCES | 80



81

Childs, K. J., & Glenn-White, V. (2018). Posing purposeful questions
through making sense of mathematical tasks. SRATE Journal,
27(2), 11-17.

Chrispeels, J., & Gonzélez, M. (2004). Do educational programs
increase parents’ practices at home?: Factors influencing Latino
parent involvement. Harvard Family Research Project.

Clarke, B., & Shinn, M. R. (2004). A preliminary investigation into the
identification and development of early mathematics curriculum-
based measurement. School Psychology Review, 33(2), 234-248.
https://doi.org/10.1080/02796015.2004.12086245

Clements, M. A., Reynolds, A. J., & Hickey, E. (2004). Site-level
predictors of children’s school and social competence in the
Chicago Child-Parent Centers. Early Childhood Research
Quarterly, 19(2), 273-296. https://doi.org/10.1016/j.
ecresq.2004.04.005

Clements, D. H., & Sarama, J. (2004). Learning trajectories in
mathematics education. Mathematical Thinking and Learning,
6(2), 81-89. https://doi.org/10.1207/s15327833mtl0602_1

Clements, D. H., & Sarama, J. (2007). Effects of a preschool
mathematics curriculum: Summative research on the “Building
Blocks” project. Journal for Research in Mathematics Education,
38(2), 136-163.

Clements, D. H., & Sarama, J. (2016). Math, science, and technology
in the early grades. The Future of Children, 75-94.

Clements, D. H., & Sarama, J. (2020). Learning and teaching early
math (3rd edition). Routledge/Taylor & Francis.

Cobb, P, & Jackson, K. (2011). Towards an empirically grounded
theory of action for improving the quality of mathematics
teaching at scale. Mathematics Teacher Education and
Development, 13(1), 6-33.

Collaborative for Academic, Social, and Emotional Learning (CASEL).
(2020). What is SEL? https://casel.org/what-is-sel/

Committee on Defining Deeper Learning and 21st Century Skills.
(2012). Education for life and work: Developing transferable
knowledge and skills in the 21st century. J. Pellegrino & M.
Hilton (Eds.). Board on Testing and Assessment and Board on
Science Education, Division of Behavioral and Social Sciences
and Education. National Academies Press.

Coulson, D. (2002). BSCS Science: An inquiry approach—2002
evaluation findings. PS International.

Crosnoe, R. (2013). Preparing the children of immigrants for early
academic success. Migration Policy Institute (MPI).

Cross, C. T., Woods, T. A., & Schweingruber, H. (Eds.). (2009).
Mathematics learning in early childhood: Paths toward excellence
and equity. Center for Education, Division of Behavioral and
Social Science and Education. National Academy Press.

Cuoco, A., Goldenberg, E. P., & Mark, J. (1996). Habits of mind:
An organizing principle for mathematics curricula. Journal of
Mathematical Behavior, 15(4), 375-402.

REFERENCES

Curtis, H., & Werth, L. (2015). Fostering student success and
engagement in a K-12 online school. Journal of Online Learning
Research, 1(2), 163-190

Cvencek, D., Kapur, M., & Meltzoff, A. N. (2015). Math achievement,
stereotypes, and math self-concepts among elementary-school
students in Singapore. Learning and Instruction, 39, 1-10.

Czerniak, C., Weber, W., Sandmann, A., & Ahem, J. (1999). A
literature review of science and mathematics integration. School
Science & Mathematics, 99(8), 421-430.

Dacey, L., Bamford-Lynch, J., & Salemi, R. E. (2013). How to
differentiate your math instruction: Lessons, ideas, and videos
with common core support. Math Solutions.

Dahaene, S. (1999). The number sense: How the mind creates
mathematics. Oxford University Press.

Dani, D. E., & Koenig, K. M. (2008). Technology and reform-based
science education. Theory Into Practice, 47(3), 204-211. https://
doi.org/10.1080/00405840802153825

Darling-Hammond, L. (2010). Performance counts: Assessment
systems that support high-quality learning. Council of Chief State
School Officers.

David, J., & Greene, D. (2007). Improving mathematics instruction
in Los Angeles high schools: An evaluation of the PRISMA Pilot
Program. Bay Area Research Group.

Dearing, E., Kreider, H., Simpkins, S., & Weiss, H. (2007). Family
involvement in school and low-income children’s literacy
performance. Harvard Family Research Project.

DeGeorge, B., & Santoro, A. M. (2004). Manipulatives: A hands-on
approach to math. Principal, 84(2), 28-28.

Delgado, A. J., Wardlow, L., McKnight, K., & O'Malley, K. (2015).
Educational technology: A review of the integration, resources,
and effectiveness of technology in K-12 classrooms. Journal of
Information Technology Education Research, 14, 397-416.

Dewey, J. (1938). Experience & education. The Kappa Delta Pi
Lecture Series. Collier Books.

Dewey, J. (1944). Democracy and education. Macmillan. http://www.
ilt.columbia.edu/publications/dewey.html. [Originally published
in 1916].

Dikkers, A. G. (2018). Social interaction in K-12 online learning. In R.
E. Ferdig & K. Kennedy (Eds.), Handbook of Research on K-12
Online and Blended Learning (2nd ed., pp. 509-524).

Dixon, J. (2020, November 17). Just-in-time vs. just-in-case
scaffolding: How to foster productive perseverance. Shaped.
https://www.hmhco.com/blog/just-in-time-vs-just-in-case-
scaffolding-how-to-foster-productive-perseverance

Donovan, M. S., & Bransford, J. D. (2005). How students learn.
National Research Council. National Academies Press.



Duckworth, A. L., Kirby, T. A., Tsukayama, E., Berstein, H., Ericsson,
K. A. (2010). Deliberate practice spells success: Why grittier
competitors triumph at the National Spelling Bee. Social
Psychological and Personality Science, 2(2), 174-181. https://doi.
org/10.1177/19485506 10385872

Duckworth, A. L., & Seligman, M. E. P. (2005). Self-discipline
outdoes 1Q in predicting academic performance of adolescents.
Psychological Science, 16(12), 939-944. https://doi.org/10.1111/
j.1467-9280.2005.01641.x

Dunn, K. E., Airola, D. T., Lo, W.-J., & Garrison, M. (2013). Becoming
data driven: The influence of teachers’ sense of efficacy on
concerns related to data-driven decision making. The Journal of
Experimental Education, 81(2), 222-241. https://doi.org/10.1080
/00220973.2012.699899

Durlak, J. A., Weissberg, R. P., Dymnicki, A. B., Taylor, R. D., &
Schellinger, K. B. (2011). The impact of enhancing students’
social and emotional learning: A meta-analysis of school-based
universal interventions. Child Development, 82(1), 405-432.
https://doi.org/10.1111/].1467-8624.2010.01564.x

Dweck, C. (2006). Mindset: The New Psychology of Success. New
York: Random House.

Dweck, C. (2008). Mindsets and Math/Science Achievement.
New York: Carnegie Corporation of New York Institute for
Advanced Study.

Eccles, J. S., Wigfield, A., & Schiefele, U. (1998). Motivation to
succeed. In N. Eisenberg (Ed.), Handbook of child psychology:
Volume 3 — Social, emotional, and personality development (5th
ed.). Wiley.

Elias, M. J. (2006). The connection between academic and social-
emotional learning. In M. J. Elias & H. Arnold (Eds.). The
educator’s guide to emotional intelligence and academic
achievement, (pp. 4-14). Corwin.

Elias, M. J., Zins, J. E., Weissberg, R. P, Frey, K. S., Greenberg, M.
T., Haynes, N. M., Kessler, R., Schwab-Stone, M. & Shriver, T. P.
(1997). Promoting social and emotional learning: Guidelines for
educators. ASCD.

Ensign, N. (2003). Nurturing mathematics learning in the classroom.
In N. M. Haynes, M. Ben-Avie, & J. Ensign (Eds.), How social and
emotional development add up: Getting results in math and
science education. Teachers College Press.

Farrington, C. A., Roderick, M., Allensworth, E., Nagaoka, J., Keyes,
T.S., Johnson, D. W., & Beechum, N. W. (2012). Teaching
adolescents to become learners: The role of noncognitive factors
in shaping school performance. Consortium on Chicago School
Research.

Feldman, K., & Kinsella, K. (2005). Narrowing the language gap: The
case for explicit vocabulary instruction. Scholastic.

Fisher, D., Frey, N. & Hattie, J. A. (2020). The distance learning
playbook, grades K-12: Teaching for engagement and impact in
any setting. Corwin.

Flores, A. (2007). Examining disparities in mathematics education:
Achievement gap or opportunity gap?. The High School Journal,
91(1), 29-42.

Flores, M. M. (2010). Using the concrete-representational-abstract
sequence to teach subtraction with regrouping to students at
risk for failure. Remedial and Special Education, 31(3), 195-207.
https://doi.org/10.1177/0741932508327467

Fonger, N. L., Stephens, A., Blanton, M., Isler, |., Knuth, E., &
Gardiner, A. M. (2018). Developing a learning progression for
curriculum, instruction, and student learning: An example from
mathematics education. Cognition and Instruction, 36(1), 30-55.

Fosnot, C. T., & Jacob, W. (2010). Young mathematicians at work:
Constructing algebra. Heinemann.

Francisco, J. M., & Maher, C. A. (2005). Conditions for promoting
reasoning in problem solving: Insights from a longitudinal studly.
The Journal of Mathematical Behavior, 24(3-4), 361-372. https://
doi.org/10.1016/j.jmathb.2005.09.001

Franke, M. L., Kazemi, E., & Battey, D. S. (2007). Mathematics
teaching and classroom practice. In F. K. Lester (Ed.), The second
handbook of research on mathematics teaching and learning
(pp. 225-256). Information Age.

Freeman, S., Eddy, S. L., McDonough, M., Smith, M. K., Okoroafor,
N., Jordt, H., & Wenderoth, M. P. (2014). Active learning
increases student performance in science, engineering, and
mathematics. Proceedings of the National Academy of Sciences
of the United States of America, 111(23), 8410-8415. https://doi.
org/10.1073/pnas. 1319030111

Fuchs, D., & Fuchs, L. S. (2006). Introduction to response to
intervention: What, why, and how valid is it? Reading Research
Quarterly, 41(1), 93-99. https://doi.org/10.1598/RRQ.41.1.4

Fuchs, L. S., Fuchs, D., & Hollenbeck, K. N. (2007). Extending
responsiveness to intervention to mathematics at first and third
grades. Learning Disabilities Research & Practice, 22(1), 13-24.
https://doi.org/10.1111/j.1540-5826.2007.00227 .x

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.

Fuson, K. C., & Beckmann, S. (2012-2013). Standard algorithms
in the Common Core State Standards. National Council of
Supervisors of Mathematics Journal of Mathematics Education
Leadership, 14(2), 4-30.

Fuson, K. C., Kalchman, M., & Bransford, J. D. (2005).
Mathematical understanding: An introduction. In M. S.
Donovan & J. D. Bransford (Eds.), How students learn: History,
mathematics, and science in the classroom (pp. 217-256).
National Academies Press.

REFERENCES | 82



Fuson, K. C. & Murata, A. (2007). Integrating NRC principles and
the NCTM Process Standards to form a Class Learning Path
Model that individualizes within whole-class activities. National
Council of Supervisors of Mathematics. Journal of Mathematics
Education Leadership, 10(1), 72-91.

Gaddy, A. K., Harmon, S. E., Barlow, A. T., Milligan, C. D., & Huang,
R. (2014). Implementing the Common Core: Applying shifts to
instruction. Journal of Mathematics Teacher Education, 108(2),
108-113. https://doi.org/10.5951/mathteacher.108.2.0108

Gamrat, C., Zimmerman, H. T., Dudek, J., & Peck, K. (2014).
Personalized workplace learning: An exploratory study on digital
badging within a teacher professional development program.
British Journal of Educational Technology, 45(6), 1136-1148.
https://doi.org/10.1111/bjet.12200

Gardner, H. (1993). Multiple intelligences: The theory in practice.
Basic Books.

Garnett, K. (1992). Developing fluency with basic number facts:
Intervention for students with learning disabilities. Learning
Disabilities Research & Practice, 7(4), 210-216.

Garrison, D. R., & Kanuka, H. (2004). Blended learning: Uncovering
its transformative potential in higher education. The Internet
and Higher Education, 7(2), 95-105. https://doi.org/10.1016/j.
iheduc.2004.02.001

Gay, G. (2018). Culturally responsive teaching: Theory, research, and
practice (3rd ed.). Teachers College Press.

Gemin, B., & Pape, L. (2017). Keeping pace with K-12 online
learning, 2016. Evergreen Education Group.

Gersten, R., Beckmann, S., Clarke, B., Foegen, A., Marsh, L., Star,
J.R., & Witzel, B. (2009). Assisting students struggling with
mathematics: Response to Intervention (Rtl) for elementary and
middle schools. Institute of Education Sciences. U.S. Department
of Education.

Gersten, R., Clarke, B., & Mazzocco, M. M. (2007). Historical and
contemporary perspectives on mathematical learning disabilities.
Instruction Research Brief. National Council of Teachers of
Mathematics.

Ginsberg, A., Leinwand, S., Anstrom, T., & Pollock, E. (2005).
What the United States can learn from Singapore’s world-class
mathematics system (and what Singapore can learn from the
United States): An exploratory study. American Institutes for
Research.

Goldenberg, E. P., Mark, J., Kang, J. M., Fries, M., Carter, C. J.,
& Cordner, T. (2015). Making sense of algebra: Developing
students’ mathematical habits of mind. Heinemann.

Graham, C. R, Borup, J., Pulham, E., & Larsen, R. A. (2019).
K-12 blended teaching readiness: Model and instrument
development. Journal of Research on Technology in Education,
51(2), 1-18. https://doi.org/10.1080/15391523.2019.1586601

REFERENCES

Granovskiy, B. (2018). Science, technology, engineering, and
mathematics (STEM) education: An overview. CRS Report
R45223, Version 4. Updated. Congressional Research Service.

Grapin, S. (2019). Multimodality in the new content standards era:
Implications for English learners. Tesol Quarterly, 53(1), 30-55.
https://doi.org/10.1002/tesq.443

Griffiths, A.-J., VanDerHeyden, A. M., Parson, L. B., & Burns, M.
K. (2006). Practical applications of response-to-intervention
research. Assessment for Effective Intervention, 32(1), 50-57.
https://doi.org/10.1177/15345084060320010701

Grupe, L. A., & Bray, N. W. (1999). What role do manipulatives play
in kindergartners’ accuracy and strategy use when solving simple
addition problems? Society for Research in Child Development.

Gulamhussein, A. (2013). Teaching the teachers: Effective
professional development in an era of high stakes accountability.
Center for Public Education.

Guthrie, J. T., & Humenick, N. M. (2004). Motivating students to
read: Evidence for classroom practices that increase reading
motivation and achievement. In P. McCardle & V. Chhabra (Eds.),
The voice of evidence in reading research (pp. 329-354). Paul H
Brookes Publishing Co.

Gutiérrez, R. (2013). The sociopolitical turn in mathematics education.
Journal for Research in Mathematics Education, 44(1), 37-68.

Hadar, L. L. (2017). Opportunities to learn: Mathematics textbooks
and students’ achievements. Studies in Educational Evaluation,
55, 153-166. https://doi.org/10.1016/j.stueduc.2017.10.002

Hall, T., Vue, G., Strangman, N., & Meyer, A. (2004. Differentiated
instruction and implications for UDL implementation. National
Center on Accessing the General Curriculum.

Hampden-Thompson, G., Guzman, L., & Lippman, L. (2013). A cross-
national analysis of parental involvement and student literacy.
International Journal of Comparative Sociology, 54(3), 246-266.
https://doi.org/10.1177/0020715213501183

Haring, N. G., & Eaton, M. D. (1978). Systematic instructional
procedures: An instructional hierarchy. In N. G. Haring, T. C.
Lovitt, M. D. Eaton, & C. L. Hansen (Eds.), The fourth R: Research
in the classroom (pp. 23-40). Merrill.

Harlacher, J. E., Sakelaris, T. L., & Kattelman, N. M. (2014). Multi-
tiered system of support. Practitioner’s guide to curriculum-
based evaluation in reading (pp. 23-45). Springer.

Harlen, W. (2005). Teachers’ summative practices and assessment for
learning—tensions and synergies. The Curriculum Journal, 16(2),
207-223. https://doi.org/10.1080/09585170500136093

Harper, F. K., Rosenberg, J. M., Comperry, S., Howell, K., & Womble,
S. (2021). #Mathathome during the COVID-19 pandemic:
Exploring and reimagining resources and social supports for
parents. Education Sciences, 11(2), 60. https://doi.org/10.3390/
educsci11020060



Hasslebring, T. S., Goin, L. |, & Bransford, J. D. (1987). Developing
automaticity. Teaching Exceptional Children, 1, 30-33.

Hattie, J. (2008). Visible learning: A synthesis of over 800 meta-
analyses relating to achievement. Routledge.

Hattie, J. (2012). Visible learning for teachers: Maximizing impact on
learning. Routledge.

Hattie, J., & Clarke, S. (2018). Visible learning: feedback. Routledge.

Hattie, J., Fisher, D. & Frey, N. (2017). Visible learning for
mathematics: What works best to optimize student learning,
grades K-12. Corwin Mathematics.

Hattie, J., & Timperley, H. (2007). The power of feedback.
Review of educational research, 77(1), 81-112. https://doi.
org/10.3102/003465430298487

Heckman, J. J. (2008). Schools, skills, and synapses. Economic
Inquiry, 46(3), 289-324. https://doi.org/10.1111/j.1465-7295-
2008.00163.x

Henderson, A. T., & Mapp, K. L. (2002). A new wave of evidence:
The impact of school, family, and community connections
on student achievement. Annual Synthesis 2002. Southwest
Educational Development Laboratory (SEDL). National Center
for Family and Community Connections with Schools.

Heritage, M. (2013). Formative assessment in practice: A process of
inquiry and action. Harvard Education Press.

Hiebert, J. (1999). Relationships between research and the NCTM
standards. Journal for Research in Mathematics Education, 30(1),
3-19. https://doi.org/10.2307/749627

Hiebert, J., Carpenter, T. P., Fennema, E., Fuson, K., Human, P,
Murray, H., Olivier, A., & Wearne, D. (1996). Problem solving
as a basis for reform in curriculum and instruction: The case of
mathematics. Educational Researcher, 25(4), 12-21. https://doi.
org/10.3102/0013189X025004012

Hiebert, J., & Grouws, D. A. (2007). The effects of classroom
mathematics teaching on students’ learning. Second handbook

of research on mathematics teaching and learning, 1(1), 371-404.

Hiebert, J., Morris, A. K., Berk, D., & Jansen, A. (2007). Preparing
teachers to learn from teaching. Journal of teacher education,
58(1), 47-61. https://doi.org/10.1177/0022487106295726

Hill, H. C., & Papay, J. P. (2022). Building better PL: How to
strengthen teacher learning. Research Partnership for
Professional Learning. https://annenberg.brown.edu/sites/
default/files/rppl-building-better-pl.pdf

Hill, M., Sharma, M. D., O'Byrne, J. W., & Airey, J. (2014).
Developing and evaluating a survey for representational fluency
in science. International Journal of Innovation in Science and
Mathematics Education, 22(6), 22-42. https://openjournals.
library.sydney.edu.au/index.php/CAL/article/view/7484

Horn, M. B., & Staker, H. (2011). The rise of K-12 blended learning.
Innosight Institute.

Hufferd-Ackles, K., Fuson, K. C., & Sherin, M. G. (2004). Describing
levels and components of a Math-Talk Learning Community.
Journal for Research in Mathematics Education, 35(2), 81-116.
https://doi.org/10.2307/30034933

Hufferd-Ackles, K., Fuson, K. C., & Sherin, M. G. (2015). Describing
levels and components of a Math-Talk Learning Community. In
E. A. Silver & P. A. Kenney (Eds.), More lessons learned from
research: Volume 1: Useful and usable research related to core
mathematical practices (pp. 125-134). NCTM.

Humphreys, C., & Parker, R. (2015). Making number talks
matter: Developing mathematical practices and deepening
understanding, grades 4-10. Stenhouse Publishers.

Isaacs, A. C., & Carroll, W. M. (1999). Strategies for basic-facts
instruction. Teaching Children Mathematics, 5(9), 508-515.

Jackson, C., Mohr-Schroeder, M. J., Bush, S. B., Maiorca, C., Roberts,
T., Yost, C., & Fowler, A. (2021). Equity-oriented conceptual
framework for K-12 STEM literacy. International Journal of STEM
Education, 8(38), 1-16.

Jagers, R. J., Rivas-Drake, D., & Williams, B. (2019). Transformative
social and emotional learning (SEL): Toward SEL in service of
educational equity and excellence. Educational Psychologist,
54(3), 162-184. https://doi.org/10.1080/00461520.2019.1623032

Janzen, J. (2008). Teaching English language learners in the content
areas. Review of Educational Research, 78(4), 1010-1038.
https://doi.org/10.3102/0034654308325580

Jeynes, W. H. (2005). A meta-analysis of the relation of parental
involvement to urban elementary school student academic
achievement. Urban Education, 40(3), 237-269. https://doi.
org/10.1177/0042085905274540

Johnson, C. C., Walton, J. B., Strickler, L., & Elliott, J. B. (2022).
Online teaching in K-12 education in the United States: A
systematic review. Review of Educational Research. https://doi.
org/00346543221105550

Jones, D. E., Greenberg, M., & Crowley, M. (2015). Early social-
emotional functioning and public health: The relationship
between kindergarten social competence and future wellness.
American Journal of Public Health, 105(11), 2283-2290.

Jones, S. M., & Bouffard, S. M. (2012). Social and emotional learning
in schools: From programs to strategies and commentaries.
Social Policy Report, 26(4), 1-33. Society for Research in Child
Development. https://doi.org/10.1002/].2379-3988.2012.
tb00073.x

Kalbfleisch, M. L., & Tomlinson, C. A. (1998, November 1). Teach me,
teach my brain: A call for differentiated classrooms. Educational
Leadership, 56(3), 52-55.

Kang, H., Barton, A. C., Tan, E., Simpkins, S. D., Rhee, H.-Y., &
Turner, C. (2019). How do middle school girls of color develop
STEM identities? Middle school girls’ participation in science
activities and identification with STEM careers. Science
Education, 103(2), 418-439. https://doi.org/10.1002/sce.21492

REFERENCES | 84



85

Kanold, T. (2018). Mathematics RTI: A high quality response when
students don’t learn! HMH Driving Student Outcomes With
Intentional Instruction Summit.

Kapur, M. (2010). Productive failure in mathematical problem solving.

Instructional Science, 38(6), 523-550.

Kapur, M. (2014). Productive failure in learning math. Cognitive
Science, 38(5), 1008-1022. https://doi.org/10.1111/cogs.12107

Kelemanik, G., Lucenta, A., & Creighton, S. J. (2016). Routines for
reasoning: Fostering the mathematical practices in all students.
Heinemann.

Kerton, C., & Cervato, C. (2014). Assessment in online learning—it's
a matter of time. Journal of College Science Teaching, 43(4),
20-25.

Ketterlin-Geller, L. R., Chard, D. J., & Fien, H. (2008). Making
connections in mathematics: Conceptual mathematics
intervention for low-performing students. Remedial
and Special Education, 29(1), 33-45. https://doi.
org/10.1177/0741932507309711

Ketterlin-Geller, L. R., & Yovanoff, P. (2009). Diagnostic assessments
in mathematics to support instructional decision making.
Practical Assessment, Research, and Evaluation, 14(16), 1-11.
https://doi.org/10.7275/vxrk-3190

Kieschnick, W. (2017). Bold School: Old School Wisdom + New
School Technologies = Blended Learning that Works. Houghton
Mifflin.

Kingston, N., & Nash, B. (2011). Formative assessment: A meta-
analysis and a call for research. Educational Measurement: Issues
and Practice, 30(4), 28-37. https://doi.org/10.1111/j.1745-
3992.2011.00220.x

Kisker, E. E., Lipka, J., Adams, B. L., Rickard, A., Andrew-lhrke, D.,
Yanez, E. E., & Millard, A. (2012). The potential of a culturally
based supplemental mathematics curriculum to improve the
mathematics performance of Alaska Native and other students.
Journal for Research in Mathematics Education, 43(1), 75-113.
https://doi.org/10.5951/jresematheduc.43.1.0075

Klibanoff, R. S., Levine, S. C., Huttenlocher, J., Vasilyeva, M.,
& Hedges, L. V. (2006). Preschool children’s mathematical
knowledge: The effect of teacher “math talk.” Developmental
Psychology, 42(1), 59-69. https://doi.org/10.1037/0012-
1649.42.1.59

Kling, G., & Bay-Williams, J. M. (2014). Assessing basic facts fluency.
Teaching Children Mathematics, 20(8), 488-497.

Klute, M., Apthorp, H., Harlacher, J., & Reale, M. (2017). Formative
assessment and elementary school student academic
achievement: A review of the evidence. REL 2017-259. Regional
Educational Laboratory Central.

REFERENCES

Knapp, A., Landers, R., Liang, S., & Jefferson, V. (2017). We all
as a family are graduating tonight: A case for mathematical
knowledge for parental involvement. Educational Studies in
Mathematics, 95(1), 79-95. https://doi.org/10.1007/s10649-016-
9741-4

Kobrin, J., & Panorkou, N. (2016). The building blocks of learning.
Educational Leadership, 73(7) 32-36.

Kozleski, E. B. (2010). Culturally responsive teaching matters!
Equality Alliance.

Kraft, M. A., Blazar, D., & Hogan, D. (2018). The effect of teaching
coaching on instruction and achievement: A meta-analysis of
the causal evidence. Review of Educational Research, 88(4),
547-588.

Kraft, M. A., & Hill, H. C. (2020). Developing ambitious mathematics
instruction through web-based coaching: A randomized field
trial. American Educational Research Journal, 57(6), 2378-2414.
https://doi.org/10.3102/0002831220916840

Kwon, J. B., DeBruler, K., & Kennedy, K. (2019). A snapshot of
successful K-12 online learning: Focused on the 2015-16
academic year in Michigan. Journal of Online Learning Research,
5(2), 199-225.

Lane, S. (2013). Performance assessment. In J. H. McMillan (Ed.),
SAGE handbook of research on classroom assessment (pp.
313-329). SAGE.

Langdon, D., McKittrick, G., Beede, D., Khan, B., & Doms, M. (2011).
STEM: Good jobs now and for the future. ESA issue brief#
03-11. U.S. Department of Commerce.

Larson, M. (2017, December 20). Mathematics learning: A journey,
not a sprint. My NCTM. https://my.nctm.org/blogs/matthew-
larson/2017/12/20/mathematics-learning-a-journey-not-a-sprint

Larson, M. (2018, August 17). Equity is more than access. Math
Solutions. https://mathsolutions.com/uncategorized/equity-is-
more-than-access/

Lawler, B. R. (2012). The fabrication of knowledge in mathematics
education: A postmodern ethic toward social justice. Towards an
education for social justice: Ethics applied to education. Peter
Lang.

Lawrence-Brown, D. (2004). Differentiated instruction: Inclusive
strategies for standards-based learning that benefit the whole
class. American Secondary Education, 32(3), 34-62.

Leahy, S., Lyon, C., Thompson, M., & Wiliam, D. (2005). Classroom
assessment: Minute by minute, day by day. Educational
Leadership, 63(3), 18-24.

Lee, H., Chung, H. Q., Zhang, Y., Abedi, J., & Warschauer, M. (2020).
The effectiveness and features of formative assessment in US
K-12 education: A systematic review. Applied Measurement in
Education, 33(2), 124-140. https://doi.org/10.1080/08957347.2
020.1732383



Leinwand, S., & Fleischman, S. (2004). Teach mathematics right the
first time. Educational Leadership, 62(1), 88-89.

Leong, Y. H., Ho, W. K., & Cheng, L. P. (2015). Concrete-pictorial-
abstract: Surveying its origins and charting its future. The
Mathematics Educator, 16(1), 1-18.

Levasseur, K., & Cuoco, A. (2009). Mathematical habits of mind. In
Teaching Mathematics Through Problem Solving (pp. 34-35).
NCTM.

Li, F. (2022). Disconnected in a pandemic: COVID-19 outcomes
and the digital divide in the United States. Health & Place, 77,
102867. https://doi.org/10.1016/j.healthplace.2022.102867

Lin, F.-Y., & Kubina, R. M. (2005). A preliminary investigation of the
relationship between fluency and application for multiplication.
Journal of Behavioral Education, 14(2), 73-87. https://doi.
org/10.1007/s10864-005-2703-z

Lipka, J., Sharp, N., Adams, B., & Sharp, F. (2007). Creating a third
space for authentic biculturalism: Examples from math in a
cultural context. Journal of American Indian Education, 46(3),
94-115.

Lynch, K., Hill, H. C., Gonzalez, K. E., & Pollard, C. (2019).
Strengthening the research base that informs STEM
instructional improvement efforts: A meta-analysis. Educational
Evaluation and Policy Analysis, 41(3), 260-293. https://doi.
org/10.3102/0162373719849044

Ma, L. (2010). Knowing and teaching elementary mathematics:
Teachers’ understanding of fundamental mathematics in China
and the United States. (2nd ed.). Routledge.

Marschall, M. (2006). Parent involvement and educational outcomes
for Latino students. Review of Policy Research, 23(5), 1053-1076.
https://doi.org/10.1111/j.1541-1338.2006.00249.x

Marsh, J. A., Pane, J. F,, & Hamilton, L. S. (2006). Making sense of
data-driven decision making in education: Evidence from recent
RAND research. Rand Corporation. https://doi.org/10.7249/
OP170

Masingila, J. O., Olanoff, D., & Kimani, P. M. (2018). Mathematical
knowledge for teaching teachers: Knowledge used and
developed by mathematics teacher educators in learning to
teach via problem solving. Journal of Mathematics Teacher
Education, 21(5), 429-450. https://doi.org/10.1007/s10857-017-
9389-8

Matsumura, L. C., Correnti, R., Walsh, M., Bickel, D., & Zook-
Howell, D. (2019). Online content-focused coaching to improve
classroom discussion quality. Technology, Pedagogy and
Education, 28(4), 191-215. https://doi.org/10.1080/147593
9X.2019.1577748

Mayer, R. E. (2013). Multimedia learning. In J. Hattie & E. Anderman
(Eds.), Educational Psychology Handbook: International Guide to
Student Achievement (pp. 396-398). Routledge.

Mayer, R. E. (2017). Using multimedia for e-learning. Journal of
Computer Assisted Learning, 33(5), 403-423. https://doi.
org/10.1111/jcal. 12197

Mayer, D. P, Mullens, J. E., & Moore, M. T. (2000). Monitoring school
quality: An indicators report. U.S. Department of Education.
National Center for Education Statistics. ED450473.

Mayes, R., Chase, P. N., & Walker, V. L. (2008). Supplemental practice
and diagnostic assessment in an applied college algebra course.
Journal of College Reading and Learning, 38(2), 7-30. https://
doi.org/10.1080/10790195.2008.10850306

McCallum, E., Skinner, C. H., & Hutchins, H. (2004). The taped-
problems intervention: Increasing division fact fluency using
a low-tech self-managed time-delay intervention. Journal
of Applied School Psychology, 20(2), 129-147. https://doi.
org/10.1300/J370v20n02_08

McKenzie, K. B., Skrla, L., Scheurich, J. J., Rice, D., & Hawes, D.
P. (2011). Math and science academic success in three large,
diverse, urban high schools: A teachers’ story. Journal of
Education for Students Placed at Risk, 16(2), 100-121.

McLeskey, J., Waldron, N. L., So, T.-S. H., Swanson, K., & Loveland,
T. (2001). Perspectives of teachers toward inclusive school
programs. Teacher education and special education, 24(2),
108-115. https://doi.org/10.1177/088840640102400205

Meeuwse, K., & Mason, D. (2018). Personalized professional learning
for educators: Emerging research and opportunities. IGI Global.

Mellard, D. F,, & Johnson, E. S. (2008). RTI: A practitioner’s guide to
implementing response to intervention. Corwin Press. https://
doi.org/10.4135/9781483329772

Mercer, N., & Howe, C. (2012). Explaining the dialogic processes of
teaching and learning: The value and potential of sociocultural
theory. Learning, Culture and Social Interaction, 1(1), 12-21.
https://doi.org/10.1016/j.1csi.2012.03.001

Merchant, Z., Goetz, E., Kenney-Kennicutt, W., Kwok, O., Cifuentes,
L., & Davis, T. (2012). The learner characteristics, features of
desktop 3D virtual reality environments, and college chemistry
instruction: A structural equation modeling analysis. Computers
& Education, 59(2), 551-568.

Michaels, S., O'Connor, C., & Resnick, L. (2008). Deliberative
discourse idealized and realized: Accountable talk in the
classroom and in civic life. Studies in Philosophy and Education,
27(4), 283-297. https://doi.org/10.1007/s11217-007-9071-1

Mid-Continent Research for Education and Learning (McREL). (2010).
What we know about mathematics teaching and learning (3rd
ed.). Solution Tree Press.

Miller, S. P., & Hudson, P. J. (2007). Using evidencelbased practices
to build mathematics competence related to conceptual,
procedural, and declarative knowledge. Learning Disabilities
Research & Practice, 22(1), 47-57. https://doi.org/10.1111/
j-1540-5826.2007.00230.x

REFERENCES | 86



87

Miri, B., David, B.-C., & Uri, Z. (2007). Purposely teaching for the
promotion of higher-order thinking skills: A case of critical
thinking. Research in Science Education, 37(4), 353-369.

Molnar, M. (2014, November 13). Richard Culatta: Five ways
technology can close equity gaps. Education Week (Ed Week
Market Brief). https://marketbrief.edweek.org/marketplace-k-12/
richard_culatta_five_ways_technology_can_close_equity_gaps.
html

Morgan, C., Craig, T., Schitte, M. & Wagner, D. (2014). Language
and communication in mathematics education: An overview
of research in the field. ZDM: The International Journal of
Mathematics Education, 46(6), 843-853. https://doi.org/10.1007/
s11858-014-0624-9

Moss, C. (2013). Research on classroom summative assessment.
SAGE handbook of research on classroom assessment, 235-256.

Moss, C. (2022). Learning targets and success criteria. Routledge.

Mueller, M., Yankelewitz, D., & Maher, C. (2014). Teachers promoting
student mathematical reasoning. Investigations in Mathematics
Learning, 7(2), 1-20.

Mullis, I. V., Martin, M. O., Foy, P, & Hooper, M. (2016). TIMSS
advanced 2015 international results in advanced mathematics
and physics. Boston College TIMSS & PIRLS International Study
Center.

Muiiz, J. (2020, September 23). Culturally responsive teaching: A
reflection guide. New America. https://www.newamerica.org/
education-policy/policy-papers/culturally-responsive-teaching-
competencies/

National Center for Education Statistics. (2016). The condition of
education 2016. U.S. Department of Education.

National Center for Education Statistics. (2021). TIMSS 2019 U.S.
Highlights Web Report (NCES 2021-021). U.S. Department of
Education. Institute of Education Sciences, National Center for
Education Statistics. https://nces.ed.gov/timss/results19/index.

asp.

National Council of Teachers of Mathematics. (2000, 2009).
Principles and standards for school mathematics

National Council of Teachers of Mathematics. (2014). Principles to
actions: Ensuring mathematical success for all.

National Council of Teachers of Mathematics. (2015). Position
statement on access and equity in mathematics education
https://www.nctm.org/Standards-and-Positions/Position-
Statements/Access-and-Equity-in-Mathematics-Education/

National Council of Teachers of Mathematics. (2016). NCTM position
statement: Large-scale mathematics assessment and high-stakes
decisions. https://www.nctm.org/uploadedFiles/Standards_and_
Positions/Position_Statements/Large-Scale%20Assessments%20

0816.pdf

REFERENCES

National Council of Teachers of Mathematics. (2020). Catalyzing
change in early childhood and elementary mathematics:
Initiating critical conversations.

National Hispanic Caucus of State Legislators (NHCSL) & Tomas
Rivera Policy Institute (TRPI). (2010). Closing achievement gaps:
Improving educational outcomes for Hispanic children: English
language acquisition and middle school preparation: Keys to
Latino educational success.

National Mathematics Advisory Panel. (2008). Foundations for
success: The final report of the National Mathematics Advisory
Panel. U.S. Department of Education. http://www2.ed.gov/
about/bdscomm/list/mathpanel/index.html

National Research Council. (1999). How people learn: Brain, mind,
experience, and school. National Academy Press.

National Research Council. (2001). Adding it up: Helping children
learn mathematics. In J. Kilpatrick, J. Swafford, & B. Findell
(Eds.), Mathematics Learning Study Committee, Center for
Education, Division of Behavioral and Social Science and
Education. National Academies Press.

National Research Council. (2005). How students learn: Mathematics
in the classroom. National Academies Press.

National Research Council. (2011). Successful K-12 STEM education:
Identifying effective approaches in science, technology,
engineering, and mathematics. National Academies Press.

National Research Council. (2012). Education for life and work:
Developing transferable knowledge and skills for the 21st
century. National Academies Press.

Noguera, P., Darling-Hammond, L., & Friedlaender, D. (2015). Equal
opportunity for deeper learning. Students at the Center: Deeper
Learning Research Series. Jobs of the Future.

O'Byrne, W. I., & Pytash, K. E. (2015). Hybrid and blended learning:
Modifying pedagogy across path, pace, time, and place. Journal
of Adolescent & Adult Literacy, 59(2), 137-140.

Ojose, B. (2008). Applying Piaget's theory of cognitive development
to mathematics instruction. The Mathematics Educator, 18(1),
26-30.

Omotayo, S. A., & Adeleke, J. O. (2017). The 5E instructional model:
A constructivist approach for enhancing students’ learning
outcomes in mathematics. Journal of the International Society
for Teacher Education, 21(2), 15-26.

Osher, D., Kidron, Y., Brackett, M., Dymnicki, A., Jones, S., &
Weissberg, R. P. (2016). Advancing the science and practice
of social and emotional learning: Looking back and moving
forward. Review of Research in Education, 40(1), 644-681.
https://doi.org/10.3102/0091732X16673595

Page, S., & Clarke, J. (2014). Feeling your way to success through
journaling. Australian Primary Mathematics Classroom, 19(1),
3-8.



Pak, K., Polikoff, M. S., Desimone, L. M., & Garcia, E. S. (2020). The
adaptive challenges of curriculum implementation: Insights
for educational leaders driving standards-based reform. AERA
Open, 6(2). https://doi.org/2332858420932828

Park, M., & McHugh, M. (2014). Immigrant parents and early
childhood programs: Addressing barriers of literacy, culture, and
systems knowledge. Migration Policy Institute.

Pashler, H., Bain, P. M., Bottge, B. A., Graesser, A., Koedinger, K.,
McDaniel, M., & Metcalfe, J. (2007). Organizing instruction and
study to improve student learning: IES Practice Guide. National
Center for Education Research.

Pasquale, M. (2016). Productive struggle in mathematics. Interactive
STEM Research and Practice Brief. Education Development
Center, Inc. https://files.eric.ed.gov/fulltext/ED571660.pdf

Patrick, S., & Powell, A. (2009). A summary of research on the
effectiveness of K-12 online learing. International Association
for K-12 Online Learning.

Pegg, J., Graham, L., & Bellert, A. (2005). The effect of improved
automaticity of basic number skills on persistently low-achieving
pupils. International Group for the Psychology of Mathematics
Education, 4, 49-56.

Pellegrino, J. W., & Goldman, S. R. (1987). Information processing
and elementary mathematics. Journal of Learning Disabilities,
20(1), 23-32, 57. https://doi.org/10.1177/002221948702000105

Peterson, P. E., & Ackerman, M. (2015). States raise proficiency
standards in math and reading. Education Next, 15(3), 16-21.

Polya, G. (1965). Mathematical discovery, volume II: On
understanding, learning, and teaching problem solving. Wiley.

Poncy, B. C., Skinner, C. H., & Jaspers, K. E. (2007). Evaluating
and comparing interventions designed to enhance math fact
accuracy and fluency: Cover, copy, and compare versus taped
problems. Journal of Behavioral Education, 16(1), 27-37. https://
doi.org/10.1007/s10864-006-9025-7

Popham, J. W. (2007). The lowdown on learning progressions.
Educational Leadership, 64(7), 83-84.

Powell, S. R., Hebert, M. A., Cohen, J. A., Casa, T. M., & Firmender,
J. M. (2017). A synthesis of mathematics writing: Assessments,
interventions, and surveys. Journal of Writing Research, 8(3),
493-526. https://doi.org/10.17239/jowr-2017.08.03.04

Presmeg, N. (2020). Visualization and learning in mathematics
education. Encyclopedia of mathematics education, 900-904.

Pulham, E., & Graham, C. R. (2018). Comparing K-12 online and
blended teaching competencies: A literature review. Distance
Education, 39(3), 411-432. https://doi.org/10.1080/01587919.2
018.1476840

Raley, S. K., Shogren, K. A., & McDonald, A. (2018). How
to implement the self-determined learning model of
instruction in inclusive general education classrooms.
Teaching Exceptional Children, 51(1), 62-71. https://doi.
org/10.1177/0040059918790236

Reynolds, A. J. (2000). Success in early intervention: The Chicago
Child-Parent Centers. University of Nebraska Press.

Reynolds, A. J., & Clements, M. (2005). Parental involvement and
children’s school success. In E. N. Patrikakou & A. R. Anderson
(Eds.), School-family partnerships for children’s success. Teachers
College Press.

Reynolds, A. J., Temple, J. A., Robertson, D. L., & Mann, E. A.
(2002). Age 21 cost-benefit analysis of the Title | Chicago Child-
Parent Centers. Educational Evaluation and Policy Analysis,
24(4), 267-303. https://doi.org/10.3102/01623737024004267

Riccomini, P. J., Witzel, B. S., & Deshpande, D. S. (2022). Combining
Visual Representations and a Powerful Retention Strategy With
Peer-Mediated Strategies to Improve Mathematical Outcomes
for Students With EBD. Beyond Behavior, 31(1), 42-52. https://
doi.org/10.1177/10742956211072555

Riley-Tillman, T. C., Burns, M. K., & Kilgus, S. P. (2020). Evaluating
educational interventions: Single-case design for measuring
response to intervention. Guilford Publications.

RittleRJohnson, B. (2017). Developing mathematics knowledge.
Child Development Perspectives, 11(3), 184-190. https://doi.
org/10.1111/cdep.12229

Rittle-Johnson, B., Schneider, M., & Star, J. R. (2015). Not a one-
way street: Bidirectional relations between procedural and
conceptual knowledge of mathematics. Educational Psychology
Review, 27(4), 587-597. https://doi.org/10.1007/s10648-015-
9302-x

Rock, M. L. (2019). The eCoaching continuum for educators: Using
technology to enrich professional development and improve
student outcomes. ASCD.

Rodriguez-Brown, F. V,, Li, R. F., & Albom, J. B. (1999). Hispanic
Parents’ Awareness and Use of Literacy-Rich Environments at
Home and in the Communiyt. Education and Urban Society,
32(1), 41-57.

Rohrer, D. (2009). The effects of spacing and mixing practice
problems. Journal for Research in Mathematics Education, 40(1),
4-17. https://doi.org/10.5951/jresematheduc.40.1.0004

Romasz, T. E., Kantor, J. H., & Elias, M. J. (2004). Implementation
and evaluation of urban school-wide social-emotional learning
programs. Evaluation and Program Planning, 27(1), 89-103.
https://doi.org/10.1016/j.evalprogplan.2003.05.002

Roschelle, J., Feng, M., Murphy, R. F., & Mason, C. A. (2016). Online
mathematics homework increases student achievement. AERA
Open, 2(4). https://doi.org/10.1177/2332858416673968

REFERENCES



Ross, S., Morrison, G., & Lowther, D. (2010). Educational technology
research past and present: Balancing rigor and relevance to
impact school learning. Contemporary Educational Technology,
1(1), 17-35. https://doi.org/10.30935/cedtech/5959

Runisah, M., Hemen, T., & Dahlan, J. A. (2016). The enhancement
of students’ creative thinking skills in mathematics through the
5E learning cycle with metacognitive technique. International
Journal of Education and Research, 4(7), 347-360.

Russell, S. J. (2000). Developing computational fluency with whole
numbers. Teaching Children Mathematics, 7(3), 154-158.

Russo, M., Hecht, D., Burghardt, M. D., Hacker, M., & Saxman,
L. (2011). Development of a multidisciplinary middle school
mathematics infusion model. Middle Grades Research Journal,
6(2), 113-128.

Séez, L., Lai, C. F, & Tindal, G. (2013). Learning progressions: Tools
for assessment and instruction for all learners. Technical report#
1307. Behavioral Research and Teaching.

Salingay, N. R., & Tan, D. A. (2018). Concrete-pictorial-abstract

approach on students’ attitude and performance in mathematics.

International Journal of Scientific & Technology Research, 7(5).

Santos-Trigo, M. (2020). Problem-solving in mathematics education.
In'S. Lerman (Ed.), Encyclopedia of Mathematics Education.
Springer. https://doi.org/10.1007/978-3-030-15789-0_129

Sarama, J., & Clements, D. H. (2009). Early childhood mathematics
education research: Learning trajectories for young children.
Routledge.

Sarama, J., & Clements, D. H. (2016). Physical and virtual
manipulatives: What is “concrete”? In International perspectives
on teaching and learning mathematics with virtual manipulatives
(pp. 71-93). Springer International Publishing. https://doi.
0rg/10.1007/978-3-319-32718-1_4

Saylor, L. L., & Walton, J. B. (2018). Creating a math&talk learning
community with preservice teachers. School Science and
Mathematics, 118(8), 348-357.

Schifter, C. C., Natarajan, U., Ketelhut, D. J., & Kirchgessner, A.
(2014). Data-driven decision making: Facilitating teacher use
of student data to inform classroom instruction. Contemporary
Issues in Technology and Teacher Education, 14(4), 419-432.

Schmidt, W. H. (2012). At the precipice: The story of mathematics
education in the United States. Peabody Journal of Education,
87(1), 133-156.

Schmidt, W. H., Houang, R., & Cogan, L. (2002). A coherent
curriculum. American Education, 26(10), 1-18.

Schmidt, W. H., Wang, H. C., & McKnight, C. C. (2005). Curriculum
coherence: An examination of US mathematics and science
content standards from an international perspective. Journal of
Curriculum Studies, 37(5), 525-559.

| REFERENCES

Schneider, M. C., Egan, K. L., & Julian, M. W. (2013). Classroom
assessment in the context of high-stakes testing. In J. H.
McMillan (Ed.), SAGE handbook of research on classroom
assessment (pp. 55-70). SAGE.

Scholastic Inc. & The Bill & Melinda Gates Foundation. (2012).
Primary sources: 2012—America’s teachers on the teaching
profession. Scholastic.

Schunk, D., Pintrich, P., & Meece, J. (2008). Motivation in education:
Theory, research, and applications. Pearson/Merrill Prentice Hall.

Senn, D., Rutherford, A. C., & Marzano, R. J. (2014). Identifying
critical content: Classroom techniques to help students know
what is important. Learning Sciences International.

Shannon, G. S., & Bylsma, P. (2007). Nine characteristics of high-
performing schools: A research-based resource for school
leadership teams to assists with the School Improvement Process.
Office of the School Superintendent of Public Instruction.

Shapka, J. D., Domene, J. F.,, & Keating, D. P. (2006). Trajectories of
career aspirations through adolescence and young adulthood:
Early math achievement as a critical filter. Educational
Research and Evaluation, 12(4), 347-358. https://doi.
org/10.1080/13803610600765752

Short, J., & Hirsh, S. (2020). The elements: Transforming teaching
through curriculum-based professional learning. Carnegie
Corporation of New York.

Sims, R., Dobbs, G., & Hand, T. (2002). Enhancing quality in online
learning: Scaffolding planning and design through proactive
evaluation. Distance Education, 23(2), 135-148.

Skinner, C. H. (1998). Preventing academic skills deficits. In T.
S. Watson & F. Gresham (Eds.), Handbook of child behavior
therapy: Ecological considerations in assessment, treatment, and
evaluation (pp. 61-83). Plenum.

Skinner, C. H., Bamberg, H. W., Smith, E. S., & Powell, S. S. (1993).
Cognitive cover, copy, and compare: Subvocal responding to
increase rates of accurate division responding. Remedial and
Special Education, 14, 49-56.

Skinner, C. H., & Smith, E. S. (1992). Issues surrounding the use
of self-management interventions for increasing academic
performance. School Psychology Review, 21, 202-210.

Skinner, C. H., Turco, T. L., Beatty, K. L., & Rasavage, C. (1989).
Cover, copy, and compare: An intervention for increasing
multiplication performance. School Psychology Review, 18,
212-220.

Smith, E. S., & Johnson, L. A. (2011). Response to intervention in
middle school: A case story. Middle School Journal, 42(3), 24-32.

Smith, M., & Stein, M. (2011). 5 Practices for orchestrating productive
mathematics discussions. NCTM.

Smith, M. S., & Stein, M. K. (2018). Five practices for orchestrating
productive mathematics discussions (2nd ed.). NCTM.



Sneider, C. |., & Ravel, M. K. (2021). Insights from two decades of
P-12 engineering education research. Journal of Pre-College
Engineering Education Research (J-PEER), 11(2), 5. https://doi.
org/10.7771/2157-9288.1277

Sondergeld, T. A., Koskey, K. L., Stone, G. E., & Peters-Burton, E. E.
(2021). Data-driven STEM assessment. In STEM Road Map 2.0
(pp. 177-201). Routledge.

Sousa, D. A. (2008). Recognizing and addressing mathematics
difficulties. In How the brain learns mathematics (pp. 186-188).
Corwin Press.

Star, J. R. (2005). Reconceptualizing procedural knowledge. Journal
for Research in Mathematics Education, 36(5), 404-411. https://
doi.org/10.2307/30034943

Star, J. R. (2015). When not to persevere-Nuances related to
perseverance in mathematical problem solving. Spencer
Foundation. http://hub.mspnet.org/index.cfm/28127/

Stecker, P. M., Fuchs, L. S., & Fuchs, D. (2005). Using curriculumi
based measurement to improve student achievement: Review of
research. Psychology in the Schools, 42(8), 795-819. https://doi.
0rg/10.1002/pits.20113

Stein, M., Remillard, J., & Smith M. (2007). How curriculum
influences student learning. In F. K. Lester Jr. (Ed.), Second
handbook of research on mathematics teaching and learning
(pp. 319-369). Information Age.

Stetson, R., Stetson, E., & Anderson, K. A. (2007).
Differentiated instruction, from teachers’ experiences.
The School Administrator, 8 (64). http://www.aasa.org/
SchoolAdministratorArticle.aspx?id=6528

Stewart, J., Cartier, J. L., & Passmore, C. M. (2005). Developing
understanding through model-based inquiry. In National
Research Council, How students learn: History, mathematics, and
science in the classroom (pp. 515-565). The National Academies
Press.

Stickney, E. M., Sharp, L. B., & Kenyon, A. S. (2012). Technology-
enhanced assessment of math fact automaticity: Patterns
of performance for low-and typically achieving students.
Assessment for Effective Intervention, 37(2), 84-94.

Strangman, N., Hall, T., & Meyer, A. (2004). Background knowledge
instruction and the implications for UDL implementation.
National Center on Accessing the General Curriculum.

Stylianides, G. J. (2009). Reasoning-and-proving in school
mathematics textbooks. Mathematical Thinking and Learning,
11(4), 258-288. https://doi.org/10.1080/10986060903253954

Stylianou, D. A. (2011). An examination of middle school students’
representation practices in mathematical problem solving
through the lens of expert work: Towards an organizing scheme.
Educational Studies in Mathematics, 76(3), 265-280. https://doi.
org/10.1007/s10649-010-9237-2

Stylianou, D. A., & Silver, E. A. (2004). The role of visual
representations in advanced mathematical problem solving:
An examination of expert-novice similarities and differences.
Mathematical Thinking and Learning, 6(4), 353-387. https://doi.
org/10.1207/s15327833mtl0604 _1

Sweeney, D. (2010). Student-centered coaching: A guide for K-8
coaches and principals. Corwin Press.

Tamim, R., Bernard, R., Borokhovski, E., Abrami, P., & Schmid, R.
(2011). What forty years of research says about the impact of
technology on learning: A second-order meta-analysis and
validation study. Review of Educational Research, 81(1), 4-28.
https://doi.org/10.3102/0034654310393361

Tarr, J. E., Reys, R. E., Reys, B. J., Chavez, O., Shih, J., & Osterlind,
S. J. (2008). The impact of middle-grades mathematics
curricula and the classroom learning environment on student

achievement. Journal for Research in Mathematics Education,
39(3), 247-280.

Taylor, J. A., & McDonald, C. (2007). Writing in groups as a
tool for non-routine problem solving in first year university
mathematics. International Journal of Mathematical Education
in Science and Technology, 38(5), 639-655. https://doi.
org/10.1080/002073907013593%96

Taylor, R. D., Oberle, E., Durlak, J. A., & Weissberg, R. P. (2017).
Promoting positive youth development through school®based
social and emotional learning interventions: A metaRanalysis of
followRup effects. Child Development, 88(4), 1156-1171. https://
doi.org/10.1111/cdev.12864

Tezer, M., & Cumhur, M. (2017). Mathematics through the 5E
instructional model and mathematical modelling: The
geometrical objects. EURASIA Journal of Mathematics Science
and Technology Education, 13(8), 4789-4804. https://doi.
org/10.12973/eurasia.2017.00965a

Thomson, S., Rowe, K., Underwood, C., & Peck, R. (2005). Numeracy
in the early years: Project Good Start. Australian Council for
Educational Research (ACER).

Thuneberg, H. M., Salmi, H. S., & Bogner, F. X. (2018). How creativity,
autonomy and visual reasoning contribute to cognitive learning
in a STEAM hands-on inquiry-based math module. Thinking
Skills and Creativity, 29, 153-160. https://doi.org/10.1016/j.
ts¢.2018.07.003

Thuneberg, H., Salmi, H., & Fenyvesi, K. (2017). Hands-on
math and art exhibition promoting science attitudes and
educational plans. Education Research International. https://doi.
org/10.1155/2017/9132791

Tibbitt, J. (2020). Formative assessment: A tool for closing
achievement gaps in diverse classrooms. Odyssey: New
Directions in Deaf Education, 21, 72-75.

Tomlinson, C. A. (1997). Meeting the needs of gifted learners in the
regular classroom: Vision or delusion? Tempo, 17(1), 1, 10-12.

REFERENCES | 90



Tomlinson, C. A. (2005). Traveling the road to differentiation in staff
development. Journal of Staff Development, 26, 8-12.

Tomlinson, C. A., & Allan, S. D. (2000). Leadership for differentiating
schools and classrooms. ASCD.

Turley, C., & Graham, C. (2019). Interaction, student satisfaction, and
teacher time investment in online high school courses. Journal of
Online Learning Research, 5(2), 169-198.

Ugur, B., Akkoyunlu, B., & Kurbanoglu, S. (2011). Students’ opinions
on blended learning and its implementation in terms of their
learning styles. Education and Information Technologies, 16(1),
5-23. https://doi.org/10.1007/s10639-009-9109-9

Ukpokodu, O. N. (2011). How do | teach mathematics in a culturally
responsive way?: Identifying empowering teaching practices.
Multicultural Education, 19(3), 47-56.

U.S. Department of Education, Office of Educational Technology.
(2016). Future ready learning: Reimagining the role of
technology in education.

U.S. Department of Education, Office of Educational Technology.
(2019). Nine dimensions for supporting STEM learning with
technology.

U.S. Department of Education, Office of Planning, Evaluation, and
Policy Development. (2010). Evaluation of evidence-based
practices in online learning: A meta-analysis and review of online
learning studies.

Urquhart, V. (2009). Using writing to improve math learning. Middle
Ground, 12(4), 17.

Van Garderen, D. (2006). Spatial visualization, visual imagery, and
mathematical problem solving of students with varying abilities.
Journal of Learning Disabilities, 39(6), 496-506. https://doi.org/1
0.1177/00222194060390060201

VanTassel-Baska, J. L., & Brown, E. F. (2007). Toward best practice:
An analysis of the efficacy of curriculum models in gifted
education. Gifted Child Quarterly, 51(4), 342-358. https://doi.
org/10.1177/0016986207306323

Vavrus, M. (2008). Culturally responsive teaching. In T. L. Good (Ed.),
21st Century Education: A Reference Handbook (Vol. 2, pp.
49-57). SAGE.

Verschaffel, L., Depaepe, F., & Van Dooren, W. (2020). Word problems
in mathematics education. In S. Lerman (Ed.), Encyclopedia of
Mathematics Education (2nd ed., pp. 908-911). Springer.

Vygotsky, L. S. (1978). Mind in society: The development of higher
psychological processes. Harvard University Press.

Warshauer, H. K. (2015). Productive struggle in middle school
mathematics classrooms. Journal of Mathematics Teacher
Education, 18(4), 375-400. https://doi.org/10.1007/s10857-014-
9286-3

| REFERENCES

WIDA. (2020). WIDA English language development standards
framework, 2020 edition. Kindergarten-grade 12. Board of
Regents of the University of Wisconsin System.

Wieselmann, J. R., Roehrig, G. H., & Kim, J. N. (2020). Who
succeeds in STEM? Elementary girls’ attitudes and beliefs
about self and STEM. School Science and Mathematics, 120(5),
297-308. https://doi.org/10.1111/ssm.12407

Wiggins, G., & McTighe, J. (2005). Understanding by design.
Association for Supervision and Curriculum Development.

Wiliam, D. (2011). Embedded formative assessment.
Solution Tree Press.

Witzel, B. S. (2003). The arithmetic to algebra gap for middle school
students. South Carolina Middle School Journal, 11, 21-24.

Woodward, J. (2006). Developing automaticity in multiplication
facts: Integrating strategy instruction with timed practice drills.
Learning Disability Quarterly, 29(4), 269-289. https://doi.
org/10.2307/30035554

Xenofontos, C. (2019). Equity and social justice in mathematics
education: A brief introduction. In C. Xenofontos (Ed.), Equity
in Mathematics Education: Addressing a Changing World (pp.
1-23). Information Age Publishing, Inc.

Yang, D.-C., & Sianturi, I. A. J. (2019). Assessing students’ conceptual
understanding using an online threeXtier diagnostic test. Journal
of Computer Assisted Learning, 35(5), 678-689. https://doi.
org/10.1111/jcal. 12368

Yeager, D., Paunesku, D., Walton, G., & Dweck, C. (2013, May).
How can we instill productive mindsets at scale? A review of the
evidence and an initial R&D agenda. A white paper prepared
for the White House meeting: Excellence in Education: The
Importance of Academic Mindsets.

Yeager, D., & Walton, G. (2011). Social-psychological interventions in
education: They're not magic. Review of Educational Research,
81(2), 267-301. https://doi.org/10.3102/0034654311405999

Yoder, N. (2014). Teaching the whole child: Instructional practices
that support social-emotional learning in three teacher
evaluation frameworks. (Research-to-Practice Brief). Center on
Great Teachers and Leaders. American Institutes for Research.

Yow, J. A. (2015). “Can You Tell Me More?” Student Journaling and
Reasoning. Mathematics Teaching in the Middle School, 21(2),
72-76.

Zhang, D. (2005). Interactive multimedia-based e-learning: A study
of effectiveness. The American Journal of Distance Education,
19(3), 149-162. https://doi.org/10.1207/s15389286ajde1903_3

Zhu, Y., & Fan, L. (2006). Focus on the representation of problem
types in intended curriculum: A comparison of selected
mathematics textbooks from Mainland China and the United
States. International Journal of Science and Mathematics
Education, 4, 609-626.



Zimmerman, R. H., Maker, C. J., & Alfaiz, F. (2020). Culturally
responsive assessment of life science skills and abilities:
Development, field testing, implementation, and results.
Journal of Advanced Academics, 31(3), 329-366. https://doi.
org/10.1177/1932202X20923981

Zins, J. E., Weissberg, R. P., Wang, M. C., & Walberg, H. J. (Eds.).
(2004). Building academic success on social and emotional
learning: What does the research say? Teachers College Press.

Ziomek-Daigle, J., Goodman-Scott, E., Cavin, J., & Donohue,
P. (2016). Integrating a multi-tiered system of supports with
comprehensive school counseling programs. The Professional
Counselor, 6(3). 220-232. https://doi.org/10.15241/jzd.6.3.220

Zwiers, J. (2014). Building academic language: Meeting Common
Core Standards across disciplines, grades 5-12 (2nd ed.). John
Wiley & Sons.

REFERENCES | 92



rNOTES




HMH RESEARCH PUBLICATIONS

Research Into Practice Into Results

AT
HMH

RESEARCH
EVIDENCE
BASE

HMH Into Literature™

RESEARCH EVIDENCE BASE
PAPERS

Research Evidence Base papers
provide an in-depth account of the
theoretical underpinnings, evidence
base, and expert opinions that guide
the design and development of new
and revised programs. These papers
map known research and design
principles to practical applications

of the program.

AT
HMH

RESEARCH
PROFESSIONAL
PAPER

CTIVE USE
NDED

DEL

MATH 180"

RESEARCH PROFESSIONAL
PAPERS

Research Professional papers
highlight an important theoretical
construct, practical application,
program component, or other topic
related to learning in the context

of HMH programs. They are
authored by experts in the field,
researchers, and thought leaders
within the industry.

AT
HMH

RESEARCH RESULTS
System 44': Murrieta Valley Unified School District

DISTRICT CHARACTERISTICS.

RESEARCH RESULTS
PAPERS

Research Results papers summarize
the findings from research studies
conducted on HMH programs,
including research conducted internally
by HMH and externally by third-party
research firms. Research Results
papers document the efficacy of a
program in terms of ESSA evidence
levels: strong evidence, moderate
evidence, promising evidence, and
evidence that demonstrates a rationale

for program effectiveness.

To learn more about HMH'’s dedication to research and efficacy, visit

hmhco.com/research



Go Math!

RESEARCH
EVIDENCE BASE

EVIDENCE &
EFFICACY

Browse our library of research at hmhco.com/researchlibrary.

0 Math!®, Houghton Mifflin Harcourt® and HMH® are registered trademarks of Houghton Mifflin Harcourt. © Houghton Mifflin Harcourt. All rights reserved. 06/23 WF1765907

ANO

Houghton Mifflin Harcourt. hmhco.com



