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In May 2018, the Bill & Melinda Gates Foundation
(BMGF) and the Chan Zuckerberg Initiative (CZI), two
philanthropic organizations committed to expanding
equity and opportunity in education, came together to
seek new approaches from practitioners, researchers,
and the public to a set of education challenges with
enormous implications for the success of all students
— and especially those who have faced early trauma
or learning challenges.

The philanthropies issued a Request for Information
(RFI) for design concepts for new research and
development efforts in three key areas: writing,

math, and executive functions. The effort focused

on solving immediate, high-leverage challenges in
practice by working at the intersection of basic and
applied research in these areas. In this report, the two
philanthropies are pleased to offer a summary of the
more than 400 responses as well as our follow-up
conversations with field experts and practitioners.

Executive Summary

The RFI sought information for
innovative strategies to help address
three pressing challenges:

Writing: Preparing all high school graduates
for the type of nonfiction writing demanded in
college and the workplace by developing the
necessary habits, skills, and strategies;

Math: Preparing all students to deeply
understand and apply mathematical skills and
knowledge and related mindsets;

Executive Functions: Improving the ability of all
students to think flexibly, wrestle with multiple
ideas, and manage their thoughts and actions.



Percentage of high school seniors
scoring at or above proficient

37* Reading

Strength in these three areas matters for every
student’s success in school, work, and life. Based

on 2015 data from the National Assessment of
Educational Progress, only 25 percent of high school
seniors reach proficiency in math and only 37 percent
reach proficiency in reading.! Students facing early
childhood trauma, poverty, homelessness, or specific
learning challenges may be at particular risk of not
developing these essential skills.

The RFl invited practitioners, researchers, and the
public to help identify where the most important,
ambitious, and innovative work is being done

to address these challenges across a variety of
disciplines, with the goal of channeling those insights
quickly and effectively back into the classroom.
Respondents could submit information in one area
or in multiple areas. The RFI also asked for feedback
on the design of the R&D approach itself, including
hosting a number of meetings with stakeholders in the
field, including teachers and school leaders.

The RFI generated 465 qualified responses from 37
states as well as internationally. (Qualified submissions

are those that were complete and addressed the
topic.) Of those, 117 addressed writing; 177 addressed
mathematics; and 171 addressed executive functions.
The responses were approximately balanced across
grade spans: elementary, middle, and high school.
Examples in this report are cited to demonstrate the
nature and variety of submissions, not as an indicator
of potential funding.

The two philanthropies share a view that there is
enormous unrealized potential for students and that
breakthroughs driven by innovation can help students
and teachers. The organizations will announce next
steps for the responses to the RFI later this year and
as yet have made no commitments on funding.

Subject matter breakdown
of the 465 qualified responses

117 171
Writing Executive
Functions



Writing

The RFI submissions in writing
focused on three big areas:

These approaches provide students with opportuni-
ties to engage in writing that more closely mirror the
demands of college and the workplace. These range
from a partnership with a science museum to promote
real-world science writing to developing a communi-
ty-based peer coaching model.

Many of these submissions focus on developing stu-
dents’ writing skills or providing feedback to students
from a diverse group of readers, including outside
experts such as journalists, to complement classroom
teachers.

A number of submissions focus on how to put tech-
nology at the disposal of teachers to help personalize
writing instruction. These range from a tool to capture
qualitative data from students’ drafts to help teachers
see patterns in student writing, to an online learning
environment that would make visible students’ con-
tributions to peer feedback, so that teachers would
know when to coach the class or an individual learner.

Math

The RFI submissions in mathematics
focused on four key topics:

These approaches provide students with rich
opportunities to engage in deliberate practice and
receive actionable feedback that leads to deep
mastery of foundational math knowledge and
concepts. Many of them employ digital games,
intelligent tutoring, and technology-based platforms to
tailor learning experiences for individual students.

These approaches provide students with the
opportunity to discuss real-world math problems

of interest to them to help develop a positive math
identity. One proposal invites students to consider the
real-world and ethical implications of math questions.

These solutions propose to narrow the gap between
assessment and instruction by providing richer
indicators of student progress.

These submissions propose using technologies that
deliver real-time information on student learning

to teachers with recommendations for adjusting
instruction. The intent is to support teachers to
differentiate their approaches for students with a
wide range of proficiency levels, as well as to enable
teachers to try new pedagogical strategies.



Executive Functions

The RFI submissions in this area fell
into three broad buckets:

There were promising approaches to developing
better measures of executive functions across basic
and applied research. Such measures are needed

to understand which interventions best target
individual students’ needs and to help teachers make
informed judgments. Some submissions offer tools

to help teachers understand and support students’
development of executive functions, and to provide
teachers with professional development in this area.

These submissions include ideas for scaling some
existing products as well as for basic research.

They range from low-cost, targeted strategies

that represent the essential “active ingredients”

in effective programs to develop students’ social,
emotional, and cognitive skills, to efforts to build
adults’ knowledge and development of executive
functions, which research has found is strongly
associated with children’s development of such skills.

These ideas would support and buttress existing
efforts to develop executive functions.




Background on the Request for
Information for Advanced Education
Research & Development Programs

In universities and research centers across the
country, educators and scientists are developing new
understanding of how children learn and what it takes
to help more of them succeed. Many of those insights,
however, have not yet reached the classroom in the
form of practices and tools that teachers and students
can easily use. That's in part because, unlike such
fields as medicine or defense, education has very
limited funding or infrastructure to conduct research,
particularly directed development research that
collapses the boundaries between basic and applied
research and is focused on immediate problems of
practice.?

This lack of infrastructure and dedicated funding is
why the Bill & Melinda Gates Foundation (BMGF)
and the Chan Zuckerberg Initiative (CZI) are working
together to explore innovative ways to accelerate
research aimed at solving some of today’s most
complex and pressing learning challenges. Together,
we share the goal of ensuring that every child has
the educational opportunities that enable them to
develop the skills, knowledge, habits of mind, and
agency to realize their full potential and live a healthy,
productive, and fulfilling life. Although we each have
our own research and development portfolios, our

organizations believe that the importance and scope
of this work go beyond any one organization.

The education sector currently invests, on a relative
basis, less than one tenth of the average research
and development spending of other important U.S.
industries.® Perhaps as a consequence, many previous
R&D efforts have fallen short on two major fronts:
achieving impact, particularly at scale, and facilitating
the flow of new knowledge between practitioners and
researchers.*

That disconnect is among the reasons why the current
rate of academic improvement is too slow to put
many more students, particularly Black, Latino, and
low-income students of all races, on paths to success
after high school.®*Breaking down the wall between
research and practice, and between basic and
applied research, offers the potential to dramatically
accelerate solutions to problems that stand in the way
of delivering better outcomes for millions of students.

By supporting research on problems of immediate
use to society, our two organizations hope to spur
directed development research of immediate,
compelling usefulness to the field.

We take as our models such productive initiatives
as the Defense Advanced Research Projects
Agency, a government initiative which has brought



Our goal is to collapse
the boundaries between
basic and applied research
to better tackle difficult
problems of immediate,
pressing need.

together teams of the brightest minds to iterate

on basic research challenges and has led to

such breakthroughs as the Internet and GPS, and

in the private sector, Bell Labs, which led to the
development of radio astronomy, the laser, and
several major operating systems and programming
languages. These efforts break down the traditional
distinction between basic and applied research.®
Basic research seeks to create new knowledge,
while applied research takes existing knowledge and
finds new applications for it. While this can lead to
incremental improvements, our goal is to collapse the
boundaries between basic and applied research to
better tackle difficult problems of immediate,
pressing need.

B Bring together diverse, interdisciplinary
teams that include educators, developers,
and others from education research, human
development, learning measurement,
technology, neuroscience, and other fields to
work collaboratively on innovative solutions to
real-world problems.

B Connect funded projects to each other and to
the field in an ongoing way, so that research is
deeply informed by practice.

B Work with a program manager who can
continually share information and expertise
across individual projects, with the goal of
creating solutions that integrate the most
promising results from across the program.

In this R&D model the program manager is

an active participant in program execution

and development, working closely with team
members to ensure coordinated efforts and to
provide nimble direction as lessons are learned
by the overall team.

In May, our two organizations issued an RFI to help
learn from others about how we might best design
a jointly funded R&D program that would pilot

this approach in education and to help refine our
perspective on potential R&D topics.


http://k12education.gatesfoundation.org/researchanddevelopment/

The RFI sought information for
innovative strategies to help address
three pressing problems of practice:

B Preparing all high school graduates for the type
of nonfiction writing demanded in college and
the workplace by developing the necessary
habits, skills, and strategies;

B Preparing all students to deeply understand and
apply mathematical skills and knowledge and
related mindsets; and

B Improving the ability of all students to think
flexibly, wrestle with multiple ideas, and regulate

their thoughts and actions (a set of competencies

known as executive functions).

Strength in these three areas matters for every
student’s success in school, work, and life. Students

facing early childhood trauma, poverty, homelessness,

specific learning challenges, or in under-resourced

schools may be at special risk of not developing these

essential skills.

The RFl invited practitioners and researchers to help
us identify where the most important, ambitious, and
innovative work is being done across a variety of
disciplines. Respondents could submit information

in one area or in multiple areas. We also hosted a
number of meetings with stakeholders in the field,
including teachers and school leaders, to ask for
feedback on the RFI program areas as well as on the
design of the R&D approach itself.

We are encouraged by the results. We received 465
qualified RFI responses from 37 states as well as
internationally. (We define qualified submissions as
those that were both complete and addressed the
topic.) Of those, 117 addressed writing; 177 addressed
mathematics; and 171 addressed executive functions.
The responses were approximately balanced across
grade spans: elementary, middle, and high school.

Of the organizations responding to the RFI, 88
percent had a primary focus on education and 12
percent on another field. More than 7 in 10 of those
responding had no prior funding from either BMGF

or CZI. The respondents represented a diverse
array of organizations. While respondents could fit
into more than one category, based on their primary
identification: 26 percent were nonprofits; 26 percent
were universities; 10 percent were corporations; 10
percent were edtech developers; 8 percent were
educators; 4 percent were schools; 3 percent were
research institutions; 3 percent were state or local
education agencies; 1 percent were professional
development organizations; 1 percent were
publishers; and 8 percent were other. One in five
organizations were minority owned or led.

In this brief we share some of the underlying rationale
for exploring research and development in each area,
along with highlights of what we learned from the RFI
feedback in each program area and in general. The
ideas and examples described are illustrative; they
are meant to give readers a sense of the breadth

of submissions rather than being a complete and
comprehensive analysis.

The RFI respondents represented
a diverse array of organizations.

B 26% nonprofits

universities
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B 10% corporations
10% edtech developers

B 8% educators
B 4% schools

3% research institutions
B 3% education agencies
B 1% professional dev

1% publishers
B 8% other



Ry, .
Writing

Developing the Requisite Habits,
Skills, and Strategies

Success in college, work, and life depends upon
communicating and expressing ideas effectively
through writing. Employers cite skills related to

writing as essential for their employees, including
making clear and persuasive arguments, writing in
different genres, and thinking critically and creatively
about solutions.” Strong writing skills help individuals
advocate for themselves, whether applying to college
or asking for a raise. These skills also allow individuals
to advance their positions in the marketplace of ideas.

Yet most high school graduates are not prepared

for the writing demands of college or the workplace.
Only 27 percent of high school seniors are proficient
in writing, based on the National Assessment of
Educational Progress (NAEP), sometimes called the
Nation’s Report Card.? Fewer than 15 percent of
Black, Hispanic, and low-income students score at
the proficient level.® This lack of writing proficiency
negatively affects students’ future success.

The major challenges and
opportunities for teaching writing:

The following challenges were identified by experts in
the field and affirmed in focus groups with educators.

Both college and the workplace employ a broad
range of writing formats that they use flexibly based
on audience and purpose. In these real-world settings,
writers typically choose the writing topic, seek out
information about that topic, evaluate the quality of
what they find, present that learning to an audience
in a compelling and appropriate format (ranging from
memos to lab reports to multimedia presentations),
and then make revisions based on audience and
expert feedback. Unfortunately, school instruction is
sometimes aligned to state assessments that prioritize
certain formats, such as the five-paragraph essay,
over other writing skills, particularly in schools serving
predominantly low-income students and students of
color’® Isolated grammar rules and exercises, while
popular, are ineffective; research shows that knowing
these rules does not transfer to success in broader
writing." Research suggests that teaching multiple
forms of writing that are realistic and effective ways
of communicating outside the classroom can enable
students to develop a broader range of real-world
writing skills.”?



Increasing student agency and identity as writers:
Student motivation and engagement matters.
Research has found that providing students with some
choice to select their own questions for inquiry within
a broad topic and to evaluate sources and construct
an argument drawing on a host of real-world research
skills is most effective. For example, within a study

of World War Il, one student might choose to write
about the Normandy invasion, while another seeks to
understand how the U.S. fought for freedom abroad
while championing segregation at home. Students can
also be given choices in how to present what they’ve
learned, from writing a literary analysis of a text based
on an essential question to a literary critique.

When students have the opportunity to wrestle with
ideas and to write to convince an audience about
something of importance to them, they build their
confidence as writers and their ability to transfer their
writing skills to contexts outside of school® Building
on students’ existing background knowledge and
experiences, and connecting topics and issues to
ideas of relevance to them, while coaching students
on which forms of writing are best suited to which
purposes, can increase students’ sense of purpose
and agency™

Relatedly, culturally responsive teaching that honors
and respects students’ diverse backgrounds builds
students’ identity and self-efficacy as writers®

When students interact with literature that reflects
their communities, they often are more likely to

see themselves as participants in a broader writing
community.® Creating culturally responsive writing
classrooms requires providing sufficient training for
teachers and access to rich resources to support this
approach to teaching writing.

Creating real world audiences for student writing:
Research suggests that students’ identity, motivation,
and self-efficacy as writers all benefit when students
write for an authentic audience, in a format they
choose, to accomplish specific goals they have set
for themselves, and when they can adjust and revise
their writing over time based on reader feedback.”
Attitudes improve when writing has a purpose that
extends beyond the school, and when students

Culturally responsive
teaching that honors and
respects students’ diverse

backgrounds builds students’
identity and self-efficacy
as writers.

can use writing to form social connections and to
build membership in groups or communities they
care about.® This requires providing avenues for
meaningful revision of writing based on self-reflection
and feedback from peers, community members, and
others, not just the teacher.

Providing more opportunities for practice and
feedback:

Writing is time-consuming to produce and to evaluate,
which currently prevents many students from
engaging in sufficient practice or receiving sufficient
feedback on their writing to develop fluency. Most
middle and high school English teachers, for example,
have student loads of 90-150 students per day. With
each essay assignment creating a lot of work for the
teacher per revision, teachers may feel constrained
by the lack of time, and choose to limit the number
of essays they would otherwise assign. Because
teachers use a wide range of rubrics to evaluate
writing, students also may be confused about what
excellence looks like and teachers may strain to
understand where students struggle from subject to
subject or grade to grade. Peer review, while helpful
to students in reflecting on their own practice, can
be challenging in the classroom because students at
different levels of writing may benefit from different
feedback approaches.®

Building teacher capacity to teach writing:

Despite the importance of writing, most teachers
currently are not provided enough training to teach
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writing, particularly non-ELA teachers.?° Even pre-
service methods classes for English language arts
teachers typically focus on reading and literature,
rather than on writing. Teachers in other subjects
are typically not required to take courses in writing
instruction. Additional support in writing instruction is
something teachers want: Teachers, especially those
in schools serving large percentages of low-income
students, frequently cite writing instruction as an
area where they need a moderate or high level of
additional professional learning.?'

Teachers need the time and capacity to support
students’ success in writing. This includes help to
create culturally aware learning environments, to build
students’ self-efficacy and identity as writers through
writing that matters, and to create opportunities for
students’ active participation in selecting the topics
they write about within the content of a course, as well
as the creation of more authentic writing assignments
that engage readers outside the classroom.

Promising approaches identified
through the RFI:

There were 117 qualified RFI submissions for writing.
We grouped the submissions into three different
approaches to improving writing instruction, based
on the challenges and opportunities described
above: writing for the real world, giving writers more
feedback, and next generation writing environments.

What these approaches have in common is that they
give students significant agency in the selection of the
content they write about, with a focus on real-world
scenarios and audiences, which allows for writing
across the content areas.

One proposal would pair a science museum with
a network of schools to develop students’ writing
in science. During the summer, students would
work with science journalists to learn the basics
of writing about science (such as interviewing,



assessing facts, and using language to describe
phenomena). Reporters would mentor students
and teachers to create mini-apprenticeships
around science journalism.

Another submission supports students in
becoming more effective writers by using their
voices to advocate for social justice issues. The
community-based center uses a peer coaching
model to empower students to develop each
other’s skills as writers and connects young
writers with audiences in their neighborhoods.
Early research has shown that the project has a
positive impact on writing scores on state tests,
as well as on participants’ sense of agency

and their feelings of efficacy as learners and
communicators. The team would like to partner
with university-based researchers to further
research and scale its work.

To help students learn to critically assess the
validity of evidence when using primary source
material, one submission proposes creating a
robust digital library of informational texts to
guide students learning to write arguments
based on multiple, real-world sources. Teachers
could create prompts that require students

to evaluate evidence and craft a compelling
argument using these informational texts.

Another submission similarly helps middle and
high school students develop research and
argumentative writing by selecting a social
justice issue of personal interest. Students learn
to voice strong opinions, cite hard evidence,
anticipate counterarguments, and develop
presentations. The team proposes creating a
digitized curriculum based on this approach with
a focus on formative feedback and explicitly
integrating social and emotional learning.

Another proposal currently prepares pre-service
secondary school teachers to help students write
in response to real-world issues in appropriate
genres. The team proposes using technology to
archive and curate these materials and to create
online professional learning communities so that
teachers could study, discuss, and improve upon
the examples through collaboration.

Another submission
supports students in
becoming more effective
writers by using their
voices to advocate for
social justice issues they
care about.

Giving writers more feedback:

These submissions focus on bringing in engaged
readers beyond the teacher to provide students

with feedback in adjusting and revising their writing.
They give students the chance to repeatedly write
through successes and failures in communicating
with an authentic audience. Submissions included the
use of peer-review platforms and scaffolded online
writing communities to help students give and receive
feedback on writing in progress.

One proposal would expand upon a program
that brings recent journalism graduates into the
classroom to work alongside English language
arts and social studies teachers as readers and
mentors. These mentors coach middle and high
school students on how to use Skype to connect
with experts to write about topics of personal
interest to them. In teams of four, students
research, interview, take notes and photographs,
write stories, peer edit, and publish online using
journalism strategies.

Another proposal would enable students to
upload real-world projects to an online platform
where they could give and receive feedback
from peers and creative industry professionals,
including through videoconferencing.
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A number of submissions focus on how to put
technology at the disposal of teachers to help
personalize writing instruction.

B One submission creates an online learning
environment where students practice giving
each other criterion-informed feedback and use
that feedback to revise their writing. The platform
makes visible students’ contributions to peer
learning—in the form of reviewer comments and
writers’ revision plans—so that instructors can
determine where they need to coach the class
or individual learners. The team’s current and
future R&D efforts focus on refining methods
for measuring and displaying the repetition,
frequency, intensity, and quality of peer
feedback; developing analytics; and tracking
revision decisions in real-time.

B One proposal would build a tool to capture
qualitative data from students’ “messy drafts,”
converting words and sentences into patterns
that could provide additional insights for teachers
into how their students craft arguments or

narratives.

B Another submission describes a demonstration
project that uses technology to make it easier for
teachers to tailor instruction based on student
performance, with the goal of deploying a writing
assessment tool online that would generate
teacher professional development.

We received a number of
responses that focused on
automated scoring tools
to improve the efficiency
of measurement and
feedback during the writing
revision process.

Gap Areas:

We received many submissions from university
researchers focused on aspects of good writing

and on student engagement, but these submissions
largely did not address the constraints and pressures
K-12 teachers face in delivering effective writing
instruction. In contrast, many contributions from
teacher trainers or professional development
organizations in the K-12 space focused on creating
the time and space to teach writing better by tackling
inefficiencies in the system—document organization,
workflows for record-keeping and classroom
management, or alignment to standards—but did not
actually focus on writing instruction itself. For example,
we received a number of responses that focused on
automated scoring tools to improve the efficiency

of measurement and feedback during the writing
revision process, but we did not see any responses
around better understanding the progression of
writing skills that could help inform teaching practice.
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Math

Improving Mathematical
Understanding, Application, and
Related Mindsets

Why improve mathematics:

Proficiency in mathematics is critical for students

to pursue a wide range of post-secondary careers,
particularly in science, technology, engineering, and
mathematics. Some familiarity with analytic methods
is useful in life: for example, to interpret claims from
others either as a citizen or at work. Increasingly,
jobs require workers to solve complex and rapidly
changing problems and to synthesize large amounts
of data. Many other jobs require enough data fluency
to be able to decide on the value of the analyses
done by others. Yet today the majority of students
are not proficient on grade-level math standards by
middle school. And high schools struggle to support
students to reach grade-level standards and to stay
on track. These gaps create barriers to graduation
and postsecondary pathways early in life. Only one-
quarter of high school seniors are proficient in math
based on the 2015 NAEP, and that figure drops to 12
percent for Hispanic students, 10 percent for American
Indian students, and 7 percent for Black students.??

While efforts to improve the teaching and learning

of mathematics—through higher standards, well-
designed curricula, teacher professional development,
and targeted student interventions—have led to
incremental improvements in many states and districts
over the past 15 years, Black, Latino, and low-income
students often remain significantly underserved by
today’s approaches.®

The major challenges and
opportunities for improving
mathematics:

The following challenges were identified by experts in
the field and affirmed in conversations with educators.

Facilitating deep understanding, fluency, and
engagement in mathematics:

Research suggests that in many cases, math
education under-emphasizes the building of problem-
solving skills in favor of assignments and lessons
that focus on procedures and rote calculation.?*

As a result, many students lack a deep conceptual
understanding of math and its uses, and struggle to
apply concepts in non-routine situations. Students
of color and those from low-income backgrounds
are less likely to have access to grade-appropriate
assignments that ask them to think deeply about
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rigorous content.?®> Too often, the feedback students
receive from current math assessments—typically

in the form of scores and grades—does not show
students why they got a problem wrong or how to
approach similar problems in the future.?® This is true
of the feedback provided by many technology tools
and platforms, which often focus on right and wrong
answers or multiple-choice items that cannot reveal
students’ thinking. Although mastery of foundational
concepts is critical for student success in higher-
level mathematics, students often do not have
enough opportunities for authentic math practice and
conversation around complex math thinking and use.?’
As a result, their misconceptions often go unidentified
and unaddressed.

These problems are reinforced by challenges in

the learning environment. Students enter math
classrooms with widely varying levels of knowledge
and skill, yet individualized instruction is challenging
with only one teacher and large class sizes. Instruction
that is too hard or too easy can result in students
feeling left behind or disengaged—feeling that “l am
not good at math,” or “math is really boring,” when the
problem is in the learning environment, not with the
domain or the individual. Traditional math classrooms
also do not provide enough opportunities for
students to talk or write about mathematics, including

-

explaining their thinking, asking clarifying questions,
and discussing different approaches or applications.?®
Though math is often taught as a solitary activity,
research suggests group work at the right time can
result in deeper learning because it allows students
to tackle more complex problems with their peers and
to explain their reasoning to others.?® While math is
interconnected with science, literacy, and many other
disciplines, students generally lack opportunities to
make connections between subjects or to integrate
concepts.

Motivating students to put in persistent effort
toward mastery:

Students learn concepts more deeply and are more
engaged when they are encouraged to fail and try
again.®® They benefit from opportunities to explore
multiple ways to approach problems or to see math
in real contexts. Yet traditional math education
often falls short of providing these opportunities for
exploration. Instead, instruction may prioritize teaching
a particular method of how to solve a problem rather
than giving opportunities to apply a variety of tools
and fluencies already mastered to make meaning for
themselves. As a result, many students do not enjoy
learning math.32
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Helping students develop an identity as math
learners:

Many students experience high anxiety and a lack of
confidence when it comes to doing math. This is often
fueled by a belief that students’ (and adults’) math
abilities are fixed and cannot be improved through
effort.3 Similarly, fixed teacher mindsets can pass onto
students, contributing to their lack of confidence and
identity as math learners.®* Providing opportunities

to explore math concepts in interesting ways—such
as with manipulatives, visuals, games, interactive
activities, or in real-world settings with meaning to

the local community—can help engage students and
develop their identity as math learners.®® Developing
students’ inclination to see math as a sensible, useful,
and worthwhile subject, coupled with a belief in their
own efficacy to do math, is important to developing
math proficiency.

Providing teachers with the supports, skills, and
beliefs to reach all students:

Teachers need access to sufficient math education
and training, including professional development

on how students learn math, how to anticipate
student thought processes and misconceptions,
how to implement complex and non-routine problem
solving in the classroom effectively, and how to link
math concepts and skills to motivating examples
and practice.®®* However, professional development

often focuses on generic content knowledge that
lacks direct classroom or community application or
follow through. In addition, teachers often receive
inadequate support to deploy new solutions, such
as new curricula or personalized learning platforms,
making it hard to integrate them into the classroom.

End-of-year, large-scale assessments alone do not
provide teachers with the fine-grained data needed
to understand and continuously monitor student
thinking.®’ Teachers need access to formative
assessments that provide the type of highly

specific, real-time data that enable them to address
misconceptions and common learning needs as they
occur. There also are few effective assessments to
measure non-academic skills that can influence math
learning and performance.

Teachers need the time and flexibility to try new
approaches for differentiating instruction, based

on a robust knowledge of mathematics and of
learning theory. These changes can be supported

by assessments that provide teachers with timely,
multidimensional, and actionable information about
their students’ math understanding in order to inform
instruction; math standards that are easy to interpret
and that facilitate depth and breadth of understanding;
and access to evidence-based approaches for
selecting curricula and other high-quality instructional
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materials that are informed by teachers.
Courseware developers face a tension between
creating solutions that cover a breadth of topics
across the curriculum or going deeper on common
problem areas (such as fractions or algebra) to
address key learning challenges. There’s also
pressure to build out content and feedback features
quickly without compromising on quality. Cost,
resources, platform capabilities, and a lack of research
on efficacy in different contexts all pose significant
barriers to developing high-quality courses at scale.

Promising approaches identified
through the RFI:

There were 177 qualified submissions to the math
RFI. We grouped the submissions into four broad
categories: improving practice and feedback; novel
instruction and experiential learning; improved
measurement systems; and empowered teachers.

Practice and feedback:

The proposed approaches provide students with
rich opportunities to engage in deliberate practice
and provide actionable feedback that leads to
deep mastery of foundational math knowledge and
concepts. They include digital games that enable
students to practice the application of concepts in
novel situations.

B One gaming solution mixes mini video games,
digital sandboxes, printed textbooks, traditional
storytelling, and printed exercises to offer highly

visual, emotional, and playful tools for learning
mathematics. The features can be adapted
from tablets to smartboards to partially analog
configurations.

Another proposed solution would use
intelligent tutoring and technology-based,
personalized learning platforms to identify
student misconceptions, provide students with
actionable feedback, and support individualized
opportunities for learning and practice. Another
proposes an intelligent learning companion that
would ask students to teach a simulated digital
peer, while tracking students’ mathematical
understanding.

Another example uses a personalized learning
platform to analyze student diagnostics in
minutes, enabling teachers to quickly understand
whether a particular explanation or intervention
is working and what set of strategies would
help individual students or groups of students
navigate a curriculum, but it has not yet been
expanded to mathematics. By providing rapid
information to both teachers and students

and their families on student progress, these
approaches could help students make the
connection between effort and growing
proficiency in math.

Novel instruction and experiential learning:

These approaches provide students with repeated
opportunities for math literacy and discourse about
real-world problems to engage students in problems
of interest to them and to help develop a positive
math identity.
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B One submission proposes using a series of
lessons based on the game of chess to help
at-risk preschoolers improve their early math
skills so they are ready for kindergarten.
Another solution for middle and high school
students asks students to apply math concepts
to solve real-world problems and aims to
transform math classrooms into arenas for civic
discourse. Questions such as “What are some
consequences of increasing the minimum
wage?” help students appreciate the importance
of math and develop the skills and mindsets
needed to analyze complex problems rationally,
respectfully, and from a variety of perspectives.

B Another solution focuses on reducing math
anxiety among Black and Latino students by
“taking math out of the bubble” and connecting
it to other content areas and topics of personal
interest to students. For example, students
rewrite math problems from existing curricula
based on story problems that are of interest
in their own lives. They work collaboratively to
apply math knowledge and skills to choose-your-
own adventure scenarios. These community-
based learning strategies, currently in use in only
a few pilot sites, are meant to foster a positive
culture around mathematics.

Improving measurement systems:

These solutions propose to narrow the gap between
assessment and instruction by using richer indicators
of student progress.

One potential solution
focuses on reducing math
anxiety among Black and
Latino students by “taking

math out of the bubble”
and connecting it to other
content areas and topics
of personal interest
to students.

One solution would digitally collect students’
answers to math problems and then use artificial
intelligence to quickly detect patterns and
classify responses along a learning progression
for the teacher. This would use classroom
assignments to provide teachers with the type
of highly specific, real-time data they need to
address misconceptions and common learning
needs as they occur.

Another management tool uses student

data to provide personalized intervention
recommendations. The platform helps schools
implement evidence-based practices and
leverages student data to understand and
problem-solve student learning needs.
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Numerous solutions
focused directly on
supporting students, but
relatively few focused
specifically on supporting
teachers.

B A third submission would design, develop, and
study a new model that can provide relevant,
personalized academic guidance and counseling
to Algebra 1learners, by using artificial
intelligence to detect and predict learning styles
associated with different personality traits.

The common thread in these submissions is the intent
to support teachers to differentiate their approaches
for students with a wide range of proficiency levels
and to free up teachers’ time to try new strategies.

B One submission would help teachers support
more active math learning in their classrooms
by expanding the use of STEM tournaments.
Teachers in these classrooms can pose

., 180=00F%0

open- and closed-ended questions, connect
synchronously to other classes in real-time, and
share information and knowledge about student
progress to support teacher learning.

B Another submission would use student response
data from digital math talks to provide insights for
teachers of where students are along a learning
progression, as well as real-time suggestions for
instruction. The data could be aggregated and
analyzed across classrooms, so that students
would be de-identified, for use by online
professional learning communities of educators.

Gap Areas:

Despite the large number of promising solutions
and approaches, there were also challenges not
specifically addressed through the submissions.
Numerous solutions focused directly on supporting
students, but relatively few focused specifically on
supporting teachers. Though respondents did cite
teacher supports as a challenge, as described above,
few solutions directly tackled this. For example,

few submissions directly addressed ensuring that
teachers have robust knowledge of mathematics
and of learning theory, nor did they focus on
ensuring that teacher and student supports account
for environmental and systemic factors that impact
marginalized groups.
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Executive
Functions

Measuring and Improving Executive
Functions

Why improve executive functions:

Student success in academics and in future careers
is intimately tied to their ability to wrestle with multiple
ideas at once, think flexibly, hold complex information
in mind, filter out distractions, and manage actions,
thoughts, and emotions. These skills describe what
researchers call “executive functions,” a set of skills
that a robust body of evidence has found to predict
better academic performance, higher income levels,
better physical health, and fewer drug-related
problems and criminal convictions in adulthood.®®
Research has clearly established that students’
executive function skills predict school readiness and
academic achievement, even after accounting for
intelligence and prior knowledge.®® Thus executive
functions form the foundational building blocks for
learning.

Executive functions develop and change over time,
can respond to intervention, and can be measured.*
Yet, despite the strength of basic research, there

is much to be done to understand and improve
students’ progress in developing executive functions,
as well as to understand the precise relationships
between different aspects of executive functions

and real-world outcomes. For instance, research
shows that these skills emerge in early childhood
and build the foundation for more complex problem
solving, reflection, planning, creativity, and task
management skills that students will need throughout
life.* Psychological and physical stress can impede
the development of these skills. Children who have
experienced trauma or adversity—such as violence,
neglect, chronic hunger, or homelessness—can be
buffered from the effects of stress by building their
executive function skills, but they also may have less
opportunity to practice these skills.** The field has not
yet identified precise, context-appropriate, effective,
and scalable ways to track progress or the types of
interventions that can improve executive functions

in the general student population or for children with
stress- or adversity-related challenges.

In addition, researchers do not fully understand all
the various ways in which executive functions may
develop and how these developmental trajectories
may influence or be influenced by real-world contexts
for different groups of children as they mature to
adulthood. For example, practitioners lack targeted
strategies and tools to intervene efficiently with
adolescents who lag in developing these skills and
may therefore be at risk of having less positive life
outcomes as adults.
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The major challenges and
opportunities for improving executive
functions:

The following challenges were identified by experts in
the field and affirmed in conversations with educators.

Providing educators, parents, and students with a
clear understanding of executive functions:

A critical foundational challenge to improving
executive functions is that the term is not well
communicated by researchers and is thus not
universally well understood by educators, parents,

or students. Executive functioning is defined in the
research community as the cognitive processes that
allow us to allocate our attention in service of our
goals. Researchers generally, although not universally,
agree that it includes three or four main skills: our
ability to hold information in mind (“working memory”),
to flexibly shift between multiple tasks or goals
(“cognitive flexibility”), and to control our attention and
ignore distractions or competing goals (“inhibitory
control” or “attentional control”).* In labs, these
executive functions are often tested in a low-stakes
way, when emotions aren’t really a factor (“cold”
contexts). In more emotional, social, or high pressure
(“hot”) contexts, executive functions allow us to flexibly
manage our emotions and motivation in order to stay
engaged in goal-directed behavior.

Deepening the understanding of executive
functioning by teachers, parents, and students can
help students harness these skills to learn more
effectively; inform how educators structure learning
experiences and environments to help students
practice and build these skills; and actively support
students who may face challenges to executive
functioning that contribute to learning or behavioral
difficulties. A better understanding of how these skills
develop over time could also provide parents and
caregivers with clear, actionable recommendations
on how to build executive functioning at home and in
informal learning environments.

Developing valid, reliable measures that

could inform understanding of how executive
functions develop over time and opportunities for
improvement:

While executive functions are measurable, there is

a lack of valid and reliable measures that can make
visible a student’s capacity to use these skills. Without
such measures, practitioners have limited ability

to determine precisely how the various executive
function skills relate to learning specific subjects

and how those relationships unfold throughout
childhood and adolescence. Without such measures,
it's also difficult to design interventions that help
develop executive functions and then determine
their effectiveness. In particular, while research has
shown that specific programs can develop executive
functions, these programs do not always lead to
improved use of these skKills in other contexts or to
improved real-world outcomes.*
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While research suggests that better executive
functioning can contribute to better academic and life
outcomes overall, it offers little guidance to educators
on how best to create learning environments that
enable students to practice and develop these skKills,
or how to support students who have executive
function challenges.

The development of educational curricula, tools, and
technologies is similarly constrained by the lack of
strong models, methods, and interventions from basic
research. Closing the gap between basic and applied
research in this area could yield significant advances
in students’ development of these foundational and
critical skills.

Promising approaches identified
through the request for information

There were 171 qualified submissions to the executive
functions RFI. We grouped the submissions into three
broad categories: measures of executive functions;
interventions to build executive functions; and tools
and techniques to support programs that develop
executive functions.

There were promising approaches to developing
better measures of executive functions across basic
and applied research and advanced development.

An applied research submission proposes

to create a state-of-the art tool—based on
advances in precision medicine—to enable
families and teachers to securely gather more
robust information about children’s executive
functioning, and for those learnings to be de-
identified to advance the field’s understanding
of how executive functioning develops over
childhood.

Another submission proposes to convene

a multidisciplinary team of practitioners,
researchers, developers, and designers to create
a tablet-based measurement-and-intervention
platform that would train teachers to better
identify, assess, and develop students’ executive
functions. The platform would help teachers
target developmentally appropriate applications
of these skills, quickly assess students’ executive
functions during regular classroom activities, and
help pinpoint areas for further teacher training.

Another submission proposes a multi-disciplinary
team of psychologists, social psychologists,
cognitive neuroscientists, and empirical
economists to: (1) map how teaching about
executive functions relates to the development
of social and emotional skills; (2) identify
individual differences in responsiveness

to such teaching, and (3) chart the effects

of such teaching on the developmental
trajectory of executive functions. This basic
research proposal would use longitudinal

data to identify “profiles of change” that
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could enable interventions to be tailored for
individual students. Although the submission
did not suggest a specific intervention or set
of measures, its sophisticated models could
advance the field and accelerate R&D efforts.

Interventions to build executive functions:

We received more submissions in this category than
in any other. The most promising approaches fell
across basic, applied, and advanced development
research but also included the expansion or scaling of
some existing products.

A basic research idea submitted jointly by two
universities would explore three interesting
questions: (1) Does providing students with the
chance to practice building executive functions
in relatively low-stakes environments, such

as by playing games, prove more effective at
transferring these skills to real-world academic
performance than by teaching such skills
directly? (2) What are the most effective and
durable interventions to improve executive
functions? (3) Are approaches that combine
direct teaching with practicing executive
functions in low-stakes environments most
beneficial in developing the ability to apply these
skills to academic tasks?

An applied research submission, also from

two universities, would develop “kernels of
practice”: low-cost, targeted strategies that
represent the essential “active ingredients” in
effective programs to develop social, emotional,
and cognitive skills. By design, these kernels
are behavioral “nudges” that target a specific
daily behavior and can be taught quickly. The
researchers hypothesize that such kernels
would be more potent and feasible to implement
than full-scale programs, potentially increasing
initial uptake, impact, and sustainability over
time. Because the development of executive
functions is particularly sensitive to the negative
effects of stress and trauma, such kernels might
be particularly relevant for at-risk students who
encounter many more external stressors than
other children, yet are often in under-resourced
settings that make it difficult to implement social,
emotional, and academic development programs
at scale.

An interesting advanced development
submission would boost adults” knowledge
and development of executive functions,
which research has found is strongly related
to children’s development of such skills.
The submission proposes to bring together
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an interdisciplinary team of practitioners,
researchers, families, technology experts, and
policymakers to develop a mobile-first education
platform for parents and early caregivers. The
platform would translate ongoing research about
executive functioning into interactive media and
“just-in-time” competency building activities for
adults, so that they can better teach, measure,
and practice these skills themselves. An artificial
intelligence-based “smart tutor” would create
personalized professional learning that could
serve as a backbone for both adult and early
childhood education about executive functions.

B Other submissions propose: expanding existing
programs that integrate the development of
executive functions and social-emotional skills
by incorporating play and academic learning;
and bringing together the fields of gaming,
entertainment, education, and research to deliver
programming that builds children’s executive
functions through innovative digital games that
build upon an existing game as a model.

Promising approaches in this category included
applied research and advanced development.

One interesting submission builds on two key
findings from research: motivation to learn

and curiosity strongly predict educational
success, and testing students on information
they’ve recently studied helps them do better
at retaining that information over time. The first
idea would be to ask students questions that
stimulate their curiosity (and engage reward-
motivation systems in the brain) and then teach
them additional, unrelated information while
their brains are in that heightened, learning-
oriented state. Research suggests this could
lead to better learning and retention of complex
material. The second idea would allow students
to film real-world learning experiences (such as
through smartphones) and then use snapshots
from those films to provide targeted tests they
could complete in a few minutes, asking them to
recall details from their learning. The hypothesis
is that this process will result in better retention
of information over time. It is based on brain
imaging research that shows when people
recall a specific detail from a learning event, it
reactivates a fuller pattern of brain activity that
was engaged during the learning event.
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Gap Areas:

There were several important areas that were not
explicitly addressed or were only sparsely addressed.
For instance, there were relatively few submissions
that addressed measurement issues. This was
particularly true for basic research submissions, where
much work needs to be done to help understand
executive functions across the lifespan in order to
generate valid, reliable, and repeatable measures and
interventions. In particular, it is critical to understand
how executive functions dynamically fluctuate across
learning experiences and across the school day, but
no submissions directly addressed how to measure
such dynamic fluctuations with authentic embedded
assessments. Itis also critical to address privacy and
ethical concerns related to the development and

use of measures of executive functions, and only a
few submissions discussed this topic. None of the
programmatic interventions addressed the notion
that executive functions fluctuate within individuals
over time, as influenced by a variety of factors,
including: nutrition, circadian rhythms, sleep levels,
social and emotional interactions with peers and
adults, feelings of belonging and safety, and feelings
of self-efficacy both in specific academic subjects

and overall. It will be important to consider these
fluctuations in order to design programs that harness

It is critical to address
privacy and ethical
concerns related to the
development and use of
measures of executive
functions.

and build executive functions in every student.

Only a few of the submissions strongly considered
individual differences in executive functions and how
to both measure and address those in designing
strategies for students with varying strengths and
needs. None of the ideas addressed how to improve
the executive functions of teachers themselves.
Given the impressive advances being made in
neuropsychology, brain science, and technology, the
tools and techniques area holds untapped promise for
advancing a broad range of solutions to developing
and measuring executive functions that were not fully
explored in the submissions we received.
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Opportunities Going
Forward

We were tremendously inspired and encouraged by
the responses to the RFI, as well as by the overall
feedback from the field. The Bill & Melinda Gates
Foundation and the Chan Zuckerberg Initiative are
looking forward to continuing to collaborate with
teachers, school leaders, families, researchers, edtech
developers and publishers, universities, professional
development organizations, and others on important
work in these disciplines.

This summary of the RFI submissions is not

intended to imply funding decisions at this point.
Rather, we encourage you to share your ideas or
responses to the themes and gaps that we have
identified and to send those thoughts to us at
EducationRD@gatesfoundation.org or EducationRD@

chanzuckerberg.com.

26


mailto:EducationRD@gatesfoundation.org
mailto:EducationRD@chanzuckerberg.com
mailto:EducationRD@chanzuckerberg.com

Citations

1.

10.

.

https://www.nationsreportcard.gov/

Shilling,R. (2015). Why we need a DARPA for education._http://www.
scientificamerican.com/article/why-we-need-a-darpa-for-education/;

Feuer, M. J. (2016). The rising price of objectivity: Philanthropy,
government, and the future of education research. Cambridge, MA:
Harvard Education Press.

Schanzenbach,D. W. (June 28, 2017). Exploring opportunities

to strengthen education research while protecting student

privacy. Testimony before the Subcommittee on Early Childhood,
Elementary, and Secondary Education, U.S. House Committee on
Education and the Workforce. Retrieved from http://www.brookings.

edu/testimonies/exploring-opportunities-to-strengthen-education-

research-while-protecting-student-privacy-2/

Penuel, W. R. & Gallagher, D. J. (2017). Creating research-practice 12.

partnerships in education, Cambridge, MA: Harvard Education
Press; Tseng, V., & Nutley, S. (2014). Building the infrastructure to
improve the use and usefulness of research in education. In K.
Finnigan & A. Daly (Eds), Using research evidence in education.
Policy implications of research in education, Vol 2. (pp. 163-175).

Springer, Cham. Retrieved from http://wtgrantfoundation.org/library/
uploads/2015/10/Building-the-Infrastructure-to-Improve-the-Use-and-

Usefulness-of-Research-in-Education.pdf.

https://www.nationsreportcard.gov/reading_math_2017_highlights/ 13.

Stokes, D. E. (1997). Pasteur’s quadrant: Basic science and
technological innovation. Washington D.C.: Brookings Institution
Press.

Burning Glass Technologies (2015). The human factor: The hard
time employers have finding soft skills. Boston: Burning Glass
Technologies. Retrieved from http://www.burning-glass.com/wp-

content/uploads/Human_Factor_Baseline_Skills_FINAL.pdf

http://www.nationsreportcard.gov/writing_2011/writing_2011_report/
Ibid.

Gillborn, D. & Youdell, D. (2000). Rationing education: Policy,
practice, reform, and equity. Buckingham: Open University Press;
Mintrop, H., & Sunderman, G. L. (2009). Predictable failure of federal

sanctions-driven accountability for school improvement—and why 14.

we may retain it anyway. Educational Researcher, 38(5), 353-364.
http://doi.org/10.3102/0013189X09339055
Elley, W. B., Barham, I. H., Lamb, H., & Wylie, M. (1979). The role of

grammar in a secondary school curriculum: Educational research
series No. 60. Wellington: New Zealand Council for Educational
Research; Hillocks, G., & Smith, M. (1991). Grammar and usage. In
J. Flood, J. M. Jensen, D. Lapp, & J. R. Squire (Eds.), Handbook of
research on teaching the English language arts (pp. 591-603).
New York: MacMillan; Graham, S., & Perin, D. (2007). Writing next:
Effective strategies to improve writing of adolescents in middle
and high schools—A report to Carnegie Corporation of New York.
Washington, DC: Alliance for Excellent Education; Andrews, R.,
Torgeson, C., Beverton, S., Locke, T., Low, G., Robinson, A., & Zhu, D.
(2004). The effect of grammar teaching (syntax) in English on 5- to
16-year-olds’ accuracy and quality in written composition: review
summary. University of York, U.K.

Gutierrez, K. D. (2008). Developing a sociocritical literacy in the
third space. Reading Research Quarterly, 43(2), 148-164. https://
doi.org/10.1598/RRQ.43.2.3; Kinloch, V. (2009). Suspicious spatial
distinctions: Literacy research with students across school and

community contexts. Written Communication, 26(2),154-182. http://
doi.org/10.1177/0741088309332899. Wiggins, G. (2009). Real-world
writing: Making purpose and audience matter. English Journal,
98(5), 29-37. Retrieved from http://www.ncte.org/library/NCTEFiles/
Resources/Journals/EJ/0985-may09/EJO985Focus.pdf
Dabrowski, J. & Marshall, T.J. (2018). Motivation and

Engagement in Student Assignments: The Role of Choice

and Relevancy. Washington, DC: The Education Trust.https:/
s3-us-east-2.amazonaws.com/edtrustmain/wp-content/
uploads/2018/10/31173508/Motivation_Engagement_FINAL_LR.pdf
Gunel, M., Hand, B., & McDermott, M. A. (2009). Writing for
different audiences: Effects on high-school students’ conceptual

understanding of biology. Learning and Instruction, 19, 354-367.

http://doi.org/10.1016/j.learninstruc.2008.07.001; Lenhart, A., Arafeh,
S., Smith, A., & Macgill, A. R. (2008). Writing, technology, and teens.
Washington DC: Pew Internet and American Life Project. Retrieved

from http://www.pewinternet.org/2008/04/24/writing-technology-

and-teens/

Behizadeh, N. (2014). Adolescent perspectives on authentic writing
instruction. Journal of Language and Literacy Instruction, 10(1).
http://files.eric.ed.gov/fulltext/EJ1030675.pdf.

27


https://www.nationsreportcard.gov/
http://www.scientificamerican.com/article/why-we-need-a-darpa-for-education/
http://www.scientificamerican.com/article/why-we-need-a-darpa-for-education/
http://www.brookings.edu/testimonies/exploring-opportunities-to-strengthen-education-research-while-protecting-student-privacy-2/
http://www.brookings.edu/testimonies/exploring-opportunities-to-strengthen-education-research-while-protecting-student-privacy-2/
http://www.brookings.edu/testimonies/exploring-opportunities-to-strengthen-education-research-while-protecting-student-privacy-2/
http://wtgrantfoundation.org/library/uploads/2015/10/Building-the-Infrastructure-to-Improve-the-Use-and-Usefulness-of-Research-in-Education.pdf
http://wtgrantfoundation.org/library/uploads/2015/10/Building-the-Infrastructure-to-Improve-the-Use-and-Usefulness-of-Research-in-Education.pdf
http://wtgrantfoundation.org/library/uploads/2015/10/Building-the-Infrastructure-to-Improve-the-Use-and-Usefulness-of-Research-in-Education.pdf
https://www.nationsreportcard.gov/reading_math_2017_highlights/
http://www.burning-glass.com/wp-content/uploads/Human_Factor_Baseline_Skills_FINAL.pdf
http://www.burning-glass.com/wp-content/uploads/Human_Factor_Baseline_Skills_FINAL.pdf
http://www.nationsreportcard.gov/writing_2011/writing_2011_report/
http://doi.org/10.3102/0013189X09339055
https://doi.org/10.1598/RRQ.43.2.3
https://doi.org/10.1598/RRQ.43.2.3
http://doi.org/10.1177/0741088309332899
http://doi.org/10.1177/0741088309332899
http://www.ncte.org/library/NCTEFiles/Resources/Journals/EJ/0985-may09/EJ0985Focus.pdf
http://www.ncte.org/library/NCTEFiles/Resources/Journals/EJ/0985-may09/EJ0985Focus.pdf
http://doi.org/10.1016/j.learninstruc.2008.07.001
http://www.pewinternet.org/2008/04/24/writing-technology-and-teens/
http://www.pewinternet.org/2008/04/24/writing-technology-and-teens/
http://files.eric.ed.gov/fulltext/EJ1030675.pdf

C ].t a.t].OnS Continued

15.

16.

17.

18.
19.

20.

21

Ladson-Billings, G. J. (2009). The Dreamkeepers: Successful
teachers of African American children. San Francisco, CA: Jossey
Bass.

Hudley, A. H. C., Mallinson, C. (2013). We do language: English
variation in the secondary English classroom. New York: Teachers
College Press; Winn, M. T., & Behizadah, N. (2001). The right to

be literate: Literacy, education, and the school-to-prison pipeline.
Review of Research in Education, 35(1), 147-173; Carjuzaa, J., &
Ruff. W. G. (2016). American Indian English Language Learners:
Misunderstood and under-served. Cogent Education, 3: 1229897.
http://dx.doi.org/10.1080/2331186X.2016.1229897

Lenhart, A., Arafeh, S., Smith, A., & Macgill, A. R. (2008) Writing,
technology, and teens. Washington DC: Pew Internet and American

Life Project. Retrieved from http://www.pewinternet.org/2008/04/24/

writing-technology-and-teens/; National Writing Project Staff (2003).

Ten ideas that get kids writing. Berkeley, CA: University of California,
National Writing Project. Retrieved from https://www.nwp.org/cs/

public/print/resource/nwp/ten-ideas.html

Ibid.

Rijlaarsdam, G., Braaksma, M., Coujizm, M., & Janssen, T. (2008).
Observation of peers in learning to write: Practice and Research.
Journal of Writing Research, (1)1.http://doi.org/10.17239/jowr-
2008.01.01.3

Myers, J., Scales, R. Q., Grisham, D. L., Wolsey, T. D., Dismuke,

S., Smetana, L., Yoder, K. K., Ikpeze, C., Ganske, K., & Martin, S.
(2016). What about writing? A national exploratory study of writing

instruction in teacher preparation programs. Literacy Research and
Instruction, 55(4), 309-330. http://doi.org/10.1080/19388071.2016.11
98442; Graham, S., Capizzi, A., Harris, K. R., Hebert, M., & Morphy,
P. (2014). Teaching writing to middle school students. Reading and
Writing, 27(6), 1015-1042. http://doi.org/10.1007/s11145-013-9495-

7; The National Commission on Writing in America’s Schools and

Colleges (2003). The neglected R: The need for a writing revolution.
New York: The College Board. Retrieved from http://www.nwp.org/
cs/public/download/nwp_file/21478/the-neglected-r-college-board-

nwp-report.pdf?x-r=pcfile_d

The National Commission on Writing in America’s Schools and
Colleges (2003). The neglected R: The need for a writing revolution.
New York: The College Board. Retrieved from http://www.nwp.org/

22.

23.
24.

25.

26.

27.

28.
29.

30.

cs/public/download/nwp_file/21478/the-neglected-r-college-board-

nwp-report.pdf?x-r=pcfile_d

http://www.nationsreportcard.gov/reading_math
g12_2015/#mathematics

Ibid.

National Research Council (2001). Adding it up: Helping children

learn mathematics. Washington DC: National Academies Press.
TNTP (2018). The opportunity myth: What students can show us
about how school is letting them down--and how to fix it. New York:
TNTP. Retrieved from https:/tntp.org/assets/documents/TNTP_The-
Opportunity-Myth_Web.pdf

Russell, M., O’'Dwyer, L. M., & Miranda, H. (2009). Diagnosing
students’ misconceptions in algebra: Results from an experimental

pilot study. Behavior Research Methods, 41(2), 414-424. http://doi.
0rg/10.3758/BRM.41.2.414
National Research Council (2001). Adding it up: Helping children

learn mathematics. Washington DC: National Academies Press.

Ibid.

Pape, S. J,, Irving, K. E., Owens, D. T., Boscardin, C. K., Sanalan, V. A,,
Abrahamson, A. L., Kaya, S., Shin, H. S., & Silver, D. (2013). Classroom
connectivity in Algebra | classrooms: Results of a randomized control
trial. Effective Education, 4(2): 169-189. https://www.tandfonline.
com/doi/abs/10.1080/19415532.2013.841059; Roschelle, J., Rafanan,
K., Bhanot, R., Estrella, G., Penuel, W. R., Nussbaum, M., & Claro, S.
(2010). Scaffolding group explanation and feedback with handheld

technology: Impact on students’ mathematics learning. Educational
Technology Research and Development, 58(4), 399-419 http://
doi.org/10.1007/s11423-009-9142-9; Webb, N. M., Franke, M .L.,

Ing, M., Wong, J., Fernandez, C. H., Shin, N., & Turrou, A. C. (2014).
Engaging with others’ mathematical ideas: Interrelationships among

student participation, teachers’ instructional practices, and learning.
International Journal of Educational Research, 63, 79-93. http:/
doi.org/10.1016/j.ijer.2013.02.001; National Council of Teachers of
Mathematics (2014). Principles to actions (executive summary).

Reston, VA: National Council of Teachers of Mathematics. Retrieved
from http://www.nctm.org/uploadedFiles/Standards_and_Positions/

PtAExecutiveSummary.pdf.

Warshauer, H. K. (2015). Productive struggle in middle school
mathematics classrooms. Journal of Mathematics Teacher

28


http://dx.doi.org/10.1080/2331186X.2016.1229897
http://www.pewinternet.org/2008/04/24/writing-technology-and-teens/
http://www.pewinternet.org/2008/04/24/writing-technology-and-teens/
https://www.nwp.org/cs/public/print/resource/nwp/ten-ideas.html
https://www.nwp.org/cs/public/print/resource/nwp/ten-ideas.html
http://doi.org/10.17239/jowr-2008.01.01.3
http://doi.org/10.17239/jowr-2008.01.01.3
http://doi.org/10.1080/19388071.2016.1198442
http://doi.org/10.1080/19388071.2016.1198442
http://doi.org/10.1007/s11145-013-9495-7
http://doi.org/10.1007/s11145-013-9495-7
http://www.nwp.org/cs/public/download/nwp_file/21478/the-neglected-r-college-board-nwp-report.pdf?x-r=pcfile_d
http://www.nwp.org/cs/public/download/nwp_file/21478/the-neglected-r-college-board-nwp-report.pdf?x-r=pcfile_d
http://www.nwp.org/cs/public/download/nwp_file/21478/the-neglected-r-college-board-nwp-report.pdf?x-r=pcfile_d
http://www.nwp.org/cs/public/download/nwp_file/21478/the-neglected-r-college-board-nwp-report.pdf?x-r=pcfile_d
http://www.nwp.org/cs/public/download/nwp_file/21478/the-neglected-r-college-board-nwp-report.pdf?x-r=pcfile_d
http://www.nwp.org/cs/public/download/nwp_file/21478/the-neglected-r-college-board-nwp-report.pdf?x-r=pcfile_d
http://www.nationsreportcard.gov/reading_math_g12_2015/#mathematics
http://www.nationsreportcard.gov/reading_math_g12_2015/#mathematics
https://tntp.org/assets/documents/TNTP_The-Opportunity-Myth_Web.pdf
https://tntp.org/assets/documents/TNTP_The-Opportunity-Myth_Web.pdf
http://doi.org/10.3758/BRM.41.2.414
http://doi.org/10.3758/BRM.41.2.414
http://doi.org/10.1007/s11423-009-9142-9
http://doi.org/10.1007/s11423-009-9142-9
http://doi.org/10.1016/j.ijer.2013.02.001
http://doi.org/10.1016/j.ijer.2013.02.001
http://www.nctm.org/uploadedFiles/Standards_and_Positions/PtAExecutiveSummary.pdf
http://www.nctm.org/uploadedFiles/Standards_and_Positions/PtAExecutiveSummary.pdf

C ].t atlons Continued

31.

32.

33.

34.

35.
36.

37.

38.

Education, 18(4), 375-500. http://doi.org/10.1007/s10857-014-9286-3
Rittle-Johnson, B., & Star, J. R. (2007). Does comparing solution

methods facilitate conceptual and procedural knowledge? An
experimental study on learning to solve equations. Journal of
Educational Psychology, 99(3), 561-574. Retrieved from http://
www.indiana.edu/”pcl/rgoldsto/courses/cogscilearning/rittle-

johnsoncomparing.pdf ; Rittle-Johnson, B., & Star, J. R. (2009).

Compared to what? The effects of different comparisons on
conceptual knowledge and procedural flexibility for equation
solving. Journal of Educational Psychology, 101(3): 529-544. http://
dx.doi.org/101037/a0014224; Star, J. R., Caronongan, P., Foegen, A.,

Furgeson, J., Keating, B., Larson, M. R, Lyskawa, J., McCallum, W. G.,
Porath, J., & Zbiek, R. M. (2015). Teaching strategies for improving
algebra knowledge in middle and high school students (NCEE 2014-
4333). Washington, DC: National Center for Education Evaluation
and Regional Assistance (NCEE), Institute of Education Sciences,
U.S. Department of Education. Retrieved from the NCEE website:
http://whatworks.ed.gov

Educator Focus Groups, BMGF & CZI| Staff, June-November 2018.
Dweck, C. S. (2008). Mindsets and math/science achievement.
Prepared for the Carnegie Corporation of New York-Institute

for Advanced Study Commission on Mathematics and

Science Education. The Opportunity Equation. New York:
Carnegie Corporation of New York. Retrieved from http://www.
growthmindsetmaths.com/uploads/2/3/7/7/23776169/mindset_and
math_science_achievement_-_nov_2013.pdf

Anderson, R. K., Boaler, J., & Dieckmann, J. A. (2018). Achieving
elusive teacher change through challenging myths about learning:

A blended approach. Education Sciences, 8(3) 98. http://doi.
0rg/10.3390/educsci8030098

Educator Focus Groups, BMGF & CZI Staff, June-November 2018.
Hill, H., & Ball, D. (2009). The curious — and crucial — case of
mathematical knowledge for teaching. Phi Delta Kappan, 91(2), 68-
71.

Roschelle, J., Feng, M., Murphy, R. F., & Mason, C. A. (2016). Online
mathematics homework increases student achievement. AERA
Open. http://doi.org/10.1177/2332858416673968

Moffitt, T. E., Arseneault, L., Belsky, D., Dickson, N., Hancox, R. J.,
Harrington, H., Houts, R., Poulton, R., Roberts, B. W., Ross, S., Sears,

39.

40.

41.

42,
43,
44,

M. R., Thomson, W. M., & Caspi, A. (2011). A gradient of childhood
self-control predicts health, wealth, and public safety. Proceedings
of the National Academy of Sciences, 108(7), 2693-2698. https://
doi.org/10.1073/pnas.1010076108; McClelland, M. M., Cameron, C.
E., Connor, C. M., & Farris, C. L. (2007). Links between behavioral
regulation and preschoolers’ literacy, vocabulary, and math

skills. Developmental Psychology, 43(4), 747-959. http://dx.doi.

0rg/10.1037/0012-1649.43.4.947; Ponitz, C. C., McClelland, M. M.,
Matthews, J. J., & Morrison, F. J. (2009). A structured observation
of behavioral self-regulation and its contribution to kindergarten

outcomes. Developmental Psychology, 45(3), 605-619; Bull, R., &
Scertif, G. (2001). Executive functioning as a predictor of children’s
mathematical ability: Inhibition, switching, and working memory.
Developmental Neuropsychology, 19(3), 273-293. http://doi.
0rg/10.1207/515326942DN1903_3; Bull, R., Espy, K. A., & Wiebe,
S. A. (2008). Short-term memory, working memory, and executive

functioning in preschoolers: Longitudinal predictors of mathematical
achievement at age 7 years. Developmental Neuropsychology,
33(3), 205-228. http://doi.org/10.1080/87565640801982312

Zelazo, P. D., Blair, C. B., & Willoughby, M. T. (2017). Executive
function: Implications for education (NCER 2017-2000) Washington,
DC: National Center for Education Research, Institute of Education

Sciences, U.S. Department of Education. Retrieved from http://ies.
ed.gov.

Ibid.

Ibid.

Ibid.

Ibid.

Ibid; Diamond, A., & Ling, D. S. (2015). Conclusions about
interventions, programs, and approaches for improving executive
functions that appear justified and those that, despite much hype, do
not. Developmental Cognitive Neuroscience, 18, 34—48. http://doi.
0rg/10.1016/j.dcn.2015.11.005

29


http://doi.org/10.1007/s10857-014-9286-3
http://www.indiana.edu/~pcl/rgoldsto/courses/cogscilearning/rittle-johnsoncomparing.pdf
http://www.indiana.edu/~pcl/rgoldsto/courses/cogscilearning/rittle-johnsoncomparing.pdf
http://www.indiana.edu/~pcl/rgoldsto/courses/cogscilearning/rittle-johnsoncomparing.pdf
http://dx.doi.org/10.1037/a0014224
http://dx.doi.org/10.1037/a0014224
http://whatworks.ed.gov
http://www.growthmindsetmaths.com/uploads/2/3/7/7/23776169/mindset_and_math_science_achievement_-_nov_2013.pdf
http://www.growthmindsetmaths.com/uploads/2/3/7/7/23776169/mindset_and_math_science_achievement_-_nov_2013.pdf
http://www.growthmindsetmaths.com/uploads/2/3/7/7/23776169/mindset_and_math_science_achievement_-_nov_2013.pdf
http://doi.org/10.3390/educsci8030098
http://doi.org/10.3390/educsci8030098
http://doi.org/10.1177/2332858416673968
https://doi.org/10.1073/pnas.1010076108
https://doi.org/10.1073/pnas.1010076108
http://dx.doi.org/10.1037/0012-1649.43.4.947
http://dx.doi.org/10.1037/0012-1649.43.4.947
http://doi.org/10.1207/S15326942DN1903_3
http://doi.org/10.1207/S15326942DN1903_3
http://doi.org/10.1080/87565640801982312
http://ies.ed.gov
http://ies.ed.gov
http://doi.org/10.1016/j.dcn.2015.11.005
http://doi.org/10.1016/j.dcn.2015.11.005

