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Getting Students to Talk About Math

Helps Solve Problems

Having students put their math thinking into words engages
more students and boosts achievement, proponents say

By Catherine Gewertz

etting students to talk about

their thinking process in math

can give teachers insight into

where they need help. But it’s

also a potentially powerful eq-
uity strategy, experts say.

And as teachers learn how to move instruction
online because of the coronavirus, theyre all too
aware of the equity issues involved: Some students
have computers and good internet connections,
and others don’t. Some have parents who can help
with schoolwork, and others don’t. In that situation,
teachers wonder how they can manage to reach all
their students, let alone how they can create a class
conversation about students’ math thinking.

The good news, according to experts, is that
math discourse is a technique that works as well
virtually as it does on paper or in face-to-face
classrooms. And now, when students and teach-
ers risk feeling disconnected and adrift, there’s
even more reason to consider using “math talk”
techniques to help students feel engaged and see
themselves—and their classmates—as valued
mathematical thinkers.

A well-designed math conversation can make
it easier for all students—even those who rarely
talk in class—to participate, experts say. And by
including all class members, a well-structured
conversation can help students feel that their
thoughts have value.

Dawn Carl, the superintendent of the Win-
ship-Robbins Elementary school district in Rob-
bins, Calif., started focusing intently on a range
of math-conversation techniques two years ago,
when the English-language learners at the dis-
trict’s one school, a K-8, dropped 12 points on
state math tests.

But it turned out that the techniques helped
all students in the school. English-learners im-
proved their proficiency rates by 5 percentage
points between the 2017 and 2019 test adminis-
trations, and native-English speakers increased
theirs by 7 points, Carl said.

“It’sreally made a difference for us,” she said.

The idea that “math talk” can have academic
payoffs isn’t new. Research studies have de-
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scribed the benefits of discussing mathematical
thinking for decades, and the idea crops up in a
stream of publications from the National Council
of Teachers of Mathematics dating back 40 years,
said Robert Q. Berry, the immediate past presi-
dent of the organization.

But math discourse got a boost in 2010, when
the new Common Core State Standards put a
high priority on ensuring that students under-
stood the concepts underlying their calculations.
Mastery of the common core’s standards for
“mathematical practice” means students must
know how to do things like construct viable argu-
ments and critique others’ reasoning.

“These aren’t new ideas, but they’re practices
many teachers have been working on,” Berry said.
“Good math talk can help students with math
sense-making.”

Here are four ways that experts Education
Week consulted—researchers and practitio-
ners—suggest you can help your students build
their “math talk” muscles.

1. Create a culture that welcomes
“rough draft” thinking.

Amanda Jansen, a professor of mathematics
education at the University of Delaware, argues
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These aren’t new ideas,

but they’re practices many
teachers have been working
on. Good math talk can help
students with math sense-
making.”

ROBERT Q. BERRY

PAST PRESIDENT,

NATIONAL COUNCIL OF TEACHERS OF
MATHEMATICS

that sharing rough drafts in math can serve two
powerful purposes at once: It can deepen stu-
dents” understanding of math ideas and prac-
tices, and it can create an equitable learning
environment.

Here’s one way to do that, and it can work
as well remotely as it does face to face, she said.
Students write a first draft of a solution to a
math problem. They read and comment on their
classmates’ drafts. Then they submit a revised
solution, explaining how and why their thinking
changed.

2. Highlight the way students’
thinking influenced the outcome.

Asking students to reflect on how their think-
ing changed, and what changedit, allows teachers
to call attention to the value each student’s draft
brought to the progression of the class’ thinking,
Jansen said.

“This can really elevate the thinking of their
peers,” she said. “They realize theirideas can help
their classmates grow their thinking.”

Jansen is using these techniques right now, re-
motely, with her college students, who are aspiring
math teachers. They log into Zoom and review a
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Google Slides deck that presents one math prob-
lem at a time. In small groups in Zoom breakout
rooms, they work on solutions to the problem,
compare their drafts, and choose one to share via
Google Slides when they reconvene. The whole
class then discusses “what’s powerful and what
could be improved” about each draft, Jansen said.

This approach fosters equity, she explained,
“because it means we can see the potential in
anyone’s ideas.” The conversation centers not
on who has the right idea but how seeds in each
person’s ideas can contribute to the group’s un-
derstanding, she said.

And, importantly, the technique allows more
students to contribute to the discussion, Jansen
said. In her research, she’s seen this strategy draw
out students who tended not to share their think-
ing often.

3. Foster small-group conversation
about word problems.

At Robbins Elementary, one of the new areas
of focus for teachers is helping students tackle
word problems. Once teachers model solutions
for the class, they let students try on their own, in
pairs or small groups, Superintendent Carl said.

The children take turns discussing ways to
solve a problem as their teacher circulates and pro-
vides feedback. This small-group setting is partic-
ularly important for English-learners, who might
feel more comfortable asking questions in a small
group than in front of the whole class, Carl said.

As teachers listen to students’ discussions,
they ask open-ended questions, Carl said. “Saying
things like, “Tell me why you believe that, or, ‘Let’s
think about this, doesn’t feed them the answers,
and it gets them to think more deeply,” she said.

4. Teach students explicitly how to
have math conversations.

“We find that students don’t really know how
to have mathematic conversations with one an-
other,” Carl said. “We have to teach them.”

A popular strategy, in Winship-Robbins
and other districts, is teaching students to use
“sentence stems” or “sentence starters”—open-
ing lines that promote good conversation. The
NCTM’s Berry offered examples.

Learning to say things like, “When Robert
uses this strategy, it makes me think of ...” or,
“This makes sense to me because ...” can help
students learn how to “get mathematical ideas
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out into the classroom space” and build respect-
fully on one another’s thinking, Berry said.

Another technique Berry likes draws inspira-
tion from cartoons. As a teacher models a solu-
tion to a problem, he circles a particular section
and draws a cartoon “thought bubble” next to it,
then asks his class, “What do you think I'm think-
ing right here?” Teaching online, this can be
done through a text box, Berry noted. In a paper
version of the exercise, students could fill in the
thought bubble.

Whether they're teaching virtually or in per-
son, teachers can also harness new technologies
to get students talking about math. Tools like
FlipGrid or TikTok let students get creative mak-
ing videos of themselves solving a math problem
or explaining their thinking about a possible solu-
tion, Berry said.

Maybe, just maybe, when students are hav-
ing fun, they might not notice that they’re learn-
ing more deeply about math. Research suggests
that when students talk more about their math
thinking, they are more motivated to learn and
they learn more. Talking about math thinking
can also serve as a stealth form of assessment,
giving teachers insight into what students have
mastered and where they stillneed help. W

Published on February 10, 2020, in Education Week’s Inside School Research Blog

Storytime, Meet Number Play:
Early Math in the Home Matters

for Later Skills
By Sarah D. Sparks

arents have gotten the message

that reading with their children

can help instill lifelong literacy

skills. A new study adds to the

evidence that parents can be pro-
viding the same boost to numeracy skills by mak-
ing sure their preschool children have an enrich-
ing math home life, too.

A new study in the journal Child Development
tracked nearly 370 Spanish-speaking Chilean
children and their families over two years, from
the start of preschool through the end of kinder-
garten. Regardless of families’ socioeconomic
background, the study found preschoolers whose
parents gave them frequent opportunities to
do simple math problems and games at home
showed better arithmetic growth and perfor-

mance by the end of kindergarten than children
with less-engaging early math environments at
home.

Their parents, mostly mothers, had educa-
tions ranging from less than a high school di-
ploma to four-year university graduates, with
most at a community college level. The parents
relayed how often they played a variety of activi-
tiesathome:

o Mapping activities, such as reciting numbers,
singing counting songs, or recognizing printed
numbers;

o Operational activities, such as simple adding or

subtracting, telling time using clocks or calen-
dars, and measuring; and
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o Numeracy games, which was based on how
many commercially available number-related
games the parents recognized or had played
with their child.

e Literacy activities, such as reciting the alphabet,
pointing to letters as they read, or making up
rhymes and songs with the sounds of letters.

The children were tested in several key math
and literacy skills at the start and end of preschool
and kindergarten, including verbal and object
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counting, identifying numbers, problem-
solving, math vocabulary, arithmetic fluen-
cy, and placing numbers on a number line,
among other tasks.

The researchers found, as in prior stud-
ies, that parents tended to have higher ex-
pectations for their children in reading than
in math, and favored literacy over number
activities. Better-educated parents recog-
nized more commercial math games than
less-educated parents did.

After controlling for the children’s
initial math skills and their parents’
education, the researchers found basic
“mapping” number activities were not as-
sociated with later math growth, but the
time preschoolers spent playing more ad-
vanced “operational” number games with
their parents predicted their growth and
math performance by the end of kinder-
garten. In particular, frequent home activi-
ties were linked to better skills in compar-
ing numbers and arithmetic fluency.

Some math and literacy activities also
seemed to support each other. For example,
frequent operational math activities such as
addition and subtraction were linked with
better vocabulary knowledge and letter-
word identification, and code-based literacy
activities such as identifying letter-sounds
was associated with symbol-related math
skills, such as arithmetic fluency.

The study adds to evidence of the impor-
tance of schools engaging parents in chil-
dren’s math education as early as reading.

It generally takes until preschool age
for children to understand that a word like
“four” represents a set of items, but prior
studies have found infants and toddlers
can understand concepts like counting
much earlier, and playing math games
improved their number sense over time.
Similar studies have found that parents
who regularly talk to their toddlers about
math and numbers have children with sig-
nificantly higher math knowledge by the
start of preschool.

Perhaps equally important, studies have
found that rates and severity of math anxi-
ety increase in children as they age, in part
because they tend to be exposed to more
fear or other negative attitudes about math
from parents and society at large over time.
But when parents and kids have frequent
opportunities to play math-related games
and puzzles together, prior research sug-
gests both generations build up better math
skills and more positive associations with
the subject. H
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Anxiety Can Make Kids Avoid
Math. Here’'s How They Can Talk

Through the Fear
By Sarah D. Sparks

o increase the number of stu-

dents entering math and science

fields, it’s not enough for them to

perform well in math. They have

to enjoy it enough to make it a big
part of their lives.

New research suggests anxiety can make
students avoid engaging in math, even when
they could gain big rewards from doing so. But a
separate study also offers one simple way teach-
ers can help math-anxious students build their
confidence with the subject.

In a series of studies described in the jour-
nal Science Advances, researchers from Colum-
bia University, the University of Chicago, and
Stanford University asked nearly 500 adults to
choose between attempting easy questions for
a small reward for each correct answer or chal-
lenging questions for bigger correct-answer re-
wards, in both math and reading.

Participants who had higher levels of math
anxiety before the task were as likely as anyone
to choose challenging word problems, but they
were significantly less likely to try difficult math
questions, even for three times the reward, the
researchers found. The differences remained
even after researchers controlled for differences
in the participants’ accuracy, suggesting that the
participants favored easy math problems not be-
cause they were unable to solve difficult problems,
but because they were reluctant to try. In fact, the
researchers also found that the higher someone’s
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You could imagine it playing
out in the math world that

if you don't feel like you're
good at it or you're anxious
about it, then you devalue

LI ]

1t.

SIAN BEILOCK
PRESIDENT, BARNARD COLLEGE AT
COLUMBIA

math anxiety, the less time he or she spent trying
to answer difficult math problems at all.

This can startacycle of anxiety and avoidance,
said Sian Beilock, a co-author of the study and the
president of Barnard College at Columbia.

“You couldimagine it playing out in the math
world that if you don't feel like you're good at it
or you're anxious about it, then you devalue it,”
Beilock said. The more a student avoids practice
and challenging himself in math, the less his
skills develop and the more he struggles with fu-
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ture performance, which only feeds into his fear.

“Students with math anxiety often choose
to take fewer math-related courses and conse-
quently pursue fewer STEM-related occupations
than their less-anxious peers,” Beilock and her
colleagues concluded. “By tackling math avoid-
ance early, we may be able to break this vicious
cycle before critical academic and occupational
choices are made.”

The findings come as educators and policy
makers work—so far with mixed success—to in-
crease the number of girls, students of color, and
low-income students entering math and science
careers.

U.S. girls and low-income students are signifi-
cantly less confident about their ability to apply
math, and at higher risk of math anxiety, than
boys and wealthier students. Even as gitls in this
country closed the math achievement gap with
boys in the PISA from 2003 to 2018, their lack of
confidence, compared with boys, didn’t change
significantly; in fact, in the most recent PISA,
only 1in 10 top-performing girls in math said she
wanted to go into a STEM field, compared with 3
in10 boys.

Prior studies suggest math instruction that
focuses on memorizing processes and answering
quickly can heighten anxiety. “You know, there
are many ways to do a math problem,” Beilock
said. “And if [math is] being taught in a way where
you're not able to pull any of that creative joy out
of'it, that makes you kind of step away.”

A separate study of Dutch children out this
week in the journal Child Development suggests
that teachers may help students gain confidence
in math by helping them focus on their own goals
for effort, not math ability.

Researchers asked more than 200 students
in grades 4 to 6 about how competent they felt
in math. A few days later, all took the first half
of a standardized math test, and then were ran-
domly assigned to do nothing or to participate in
one of two “self-talk” exercises. One focused on
their math ability—such as repeating, “T am very
good at this!”—while the second group focused
on their effort in math, saying, “I will do my very
best!” After the interventions, all three groups
took the second part of the math test.

There were no significant differences on the
first and second halves of the test for students in
the control group and those who engaged in talk
about their abilities. But students who coached
themselves on effort improved afterward.

In particular, “our study found that the math
performance of children with low self-confi-
dence benefits when they tell themselves that
they will make an effort,” said Eddie Brummel-
man, a co-author of the study and assistant pro-
fessor of child development at the University of

Amsterdam, in a statement. “Self-talk about ef-
fortis the key.”

This self-talk could be doing two things. The
focus on effort could encourage a math-anxious
student to think about math skill as something
that can be improved through practice and ef-
fort—a concept called a “growth mindset,” which
hasbeenassociated with lower anxiety and great-

-
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er perseverance in the face of difficulty. It’s also
possible that promising yourself out loud that you
will try your best could help students counter the
urge to avoid putting forth effort when they feel
uncomfortable or uncertain in a subject.

Each of the studies looks at a relatively small
population, but they do offer interesting paths for
helping students who experience math anxicty. l
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How to Teach Math to Students
With Disabilities, English-Language

Learners

When students are English-learners or have
learning disabillities, it's especially important to

focus on their strengths

By Corey Mitchell

ath education can be dif-
ficult—for students and

teachers.
Those difficulties are
often magnified when
students have learning disabilities such as dyscal-
culia that can make it difficult to learn math facts
or dyslexia that can make it hard to read word
problems. Or maybe they are learning English
and struggling to grasp math concepts in a new

language.

Ininterviews with Education Week, experts—
practitioners and researchers—offered perspec-
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tives on how to make mathematics instruction
best serve those student populations. Their ad-
vice clustered around three themes:

e Resistthetemptationto de-emphasizelanguage
in math class, especially for English-learners
and those who have language-related disabili-
ties. De-emphasis is probably a disservice.

o Consider how broad student labels can con-
ceal mathematical skill. English-learners,
depending on their prior schooling, and stu-
dents with disabilities, depending on their
specific disability, can have widely varying
math abilities and knowledge.



EducationWeek " | SPOTLIGHT

e Focus on what students can do rather than fix-
ating on what they cannot.

Emilia Frias, who has taught English-learn-
ers and students with disabilities in special edu-
cation and general education classrooms, has
long understood the struggles her students face.

A former English-language learner who was
also identified with learning disabilities as a child,
the Magnolia, Calif., school system special educa-
tion teacher did not learn to read until 6th grade—
and her difficulty with reading often carried over
to math class, where word problems left her frus-
trated and puzzled.

Now that she’s on the other side of the equa-
tion, Frias uses carefully constructed lessons to
meet the disparate needs of her 3rd and 4th grade
students with moderate to severe learning dis-
abilities. She is always looking for the individual
strengths that will carry them further, and she
doesn’t shy away from making words central to
her lessons.

During a recent live-video session, Frias used
trays filled with home-baked cookies to deliver les-
sons on multiplication for some, addition and sub-
traction for others, and counting for those who are
still working on one-to-one correspondence—the
early math skill of counting each objectinaset.

Language Counts

“Thad questions for each of those levels: ‘How
many were in tray 12’ ‘How many were in tray 22’
‘How many were altogether?”” Frias explained.
“Then I'had questions like, ‘Which one had more;
which one had less?” And these are questions that

éé

Math teachers—we often
see ourselves as content-
area teachers. Like our job is
to be knowledgeable about
math and not necessarily
responsible for promoting
language development.”
CATHERY YEH

ASSISTANT PROFESSOR OF TEACHER

EDUCATION, CHAPMAN UNIVERSITY,
ORANGE, CALIF.

I'm typing out for parents to be asking their kids.”
Just like their peers, her students need to

know how to use math in life, and that includes

mastering math words and phrases, Frias said.

“I want to give them all the vocabulary and
terminology, and I would do the same thing
with my English-learners,” Frias added. “If we
don’t, they’re missing out on alot of opportunity
that their peers have exposure to.”

Cathery Yeh, an assistant professor of teach-
er education at Chapman University in Orange,
Calif,, works alongside Frias and other teachers
in the Magnolia schools, helping them develop
lesson plans and strategies for teaching math to
English-learners and students with disabilities.

To reach all their students, math instructors
at all levels of K-12 education must shed the be-
liefthey only teach math, Yeh said.

“Math teachers—we often see ourselves
as content-area teachers. Like our job is to be
knowledgeable about math and not necessar-
ily responsible for promoting language devel-
opment,” Yeh said. “But we have to support
learning math through language and learning
language through math.”

Labels Can Limit

Part of the challenge in supporting learning
lies in being cautious about the overly broad labels
attached to students who receive special educa-
tion or English-learner services. The labels often
fail to focus on the strengths or particular needs
of students, experts say.

“These kids show up, they have labels” given
to them by schools, said Judit Moschkovich, a
professor in mathematics education at the Uni-
versity of California, Santa Cruz. “Then we make
all kinds of assumptions.”

U.S.-born English-learners could excel or
struggle with math. Immigrant students some-
times come to U.S. schools with more math
knowledge than their U.S. peers. Some refugee
students have missed years of formal schooling.

But however much educators need to pay at-
tention to such differences, they should drop the
misconception that English-learner students
need to be proficient in the language to learn
math, Moschkovich said.

“It takes a long time to learn a second lan-
guage, and we can’t wait,” she said. “Even as
they’re learning English, they are able to learn
mathematics and even communicate math-
ematically.”

Unwarranted assumptions are also made
about students with disabilities. Brad Witzel,
an education professor and special education
program coordinator at Winthrop University in
South Carolina, said educators who teach math
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We don’t fully understand
the cognitive power of
children with disabilities.
We're so stuck on deficit
skills we end up focusing on
what they can’t remember
rather than what the
concept to be learned is.”

BRAD WITZEL

EDUCATION PROFESSOR AND SPECIAL
EDUCATION PROGRAM COORDINATOR,
WINTHROP UNIVERSITY, SOUTH
CAROLINA

should define expectations for students based on
their skills, not their labels.

“We don't fully understand the cognitive
power of children with disabilities,” Witzel said.
“We're so stuck on deficit skills we end up focus-
ing on what they can’t remember rather than
what the concept to be learned is.”

A problem that can compound such deficit
thinking is that assessments and individualized
education programs for students with disabili-
ties often fail to provide a clear picture of whether
students have difficulty with reading comprehen-
sion or number sense—or both, Witzel said.

A student identified with a learning disability
in math could be a struggling reader or a fluent
one. If the difficulty is with both math and read-
ing, text-heavy math books make the problem
worse, and explicit vocabulary in math class be-
comes even more critical, Witzel said.

“I worry about how we can tease [math and
reading disabilities] apart,” he said. “We need to
be much more precise.”

Focusing on Strengths

Melissa Brennan, the 2020 teacher of the year
in Orange County, Calif., strives not to oversim-
plify lessons, she said, because her students—
many of whom have autism spectrum disorder—
deserve and can handle more.

Now that schools are shut, she’s delivering dis-
tance-learning lessons on counting, place value,
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and estimation that parents can replicate with
items they can find lying around the house.

With the help of Yeh, Brennan, who
teaches in the Magnolia schools, began to
shift her thinking about a decade ago from
what her students could not do to how
math could help sharpen the focus on what
strengths they have.

“Society has to change our notions
around who can and cannot do math,” Yeh
explained. “The goal isn’t for our children to
memorize procedures, but to develop ways
of knowing and thinking mathematically
that can help support them in problem solv-
ing and reasoning for life.”

While visiting Brennan’s class when
school was still in session, Yeh watched her
teach a lesson to her students, who have
mild to moderate learning disabilities, on
evenly dividing a group of items like pret-
zels or toys. Educators call this a “fair share”
lesson, and it introduced her nonverbal stu-
dents to the mathematical concepts of divi-
sionand fractions.

The everyday activity of sharing familiar
objects put those concepts within reach for
students with TEPs that mandate their math
instruction focus on counting, Yeh said.
Students can often do more, but to make
that happen, educators must be sure the
learning connects to their daily lives.

With her strengths perspective, Bren-
nan has even discovered a bright side to the
school closures that have forced her and
her students into distance learning. As she
works with parents at home, she finds many
begin to really understand what their chil-
dren are capable of.

“They could be good at pattern recogni-
tion or really understand the principles of
the lesson even if they haven’'t memorized
math facts yet,” the teacher said.

Frias, Brennan’s colleague, learned long
ago what she was capable of, and some-
times that understanding is her most valu-
able lesson to students. In her first special
education teaching job, Frias taught in a
juvenile-justice facility, where many of her
students had learning disabilities. When she
explained to them that she also has visual-
and auditory- processing disorders, many of
them dismissed her claims.

Frias had her mother dig through boxes
with her school papers to find a copy of an
old IEP. She brought it to class as proof and
to deliver a message to her students with
disabilities.

“Yes, itis harder for us,” Frias said, “but it
doesn’tmeanwe can’tdoit.” M
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Digital ‘Dora the Explorer’ Helps Young
Children Learn Math, Study Finds

By Alyson Klein

tudents in the U.S. trail children

in other countries when it comes

to science, technology, engineer-

ing, and math (aka STEM), at least

according to international bench-
mark tests like the Programme for International
Student Assessment.

Is a partial solution to that problem letting
Dora the Explorer or other popular virtual char-
acters like her teach kids math?

A recent study from the Children’s Digital
Media Center at Georgetown University suggests
that the answer might be yes.

Researchers, led by Sandra Calvert, the Cen-
ter’s director, found that kids ages 3-6 who had a
strong parasocial (meaning one-sided) relation-
ship with a virtual character (in this case, Dora
from the popular cable series) could master math
concepts faster with their help.

That’s because “children form relationships”
with characters like Dora. “They become social
partners for children, if they have these close pa-
ra-social relationships with characters they learn
better,” Calvert said in an interview. And with
the advancements in technology, educators may
soon be able to harness that relationship. “What’s
changed now is that the characters can respond
to kids in ways that they couldn’t before.”

The researchers tested more than 200 chil-
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dren ages 3 to 6 on a basic—but important—
math technique: the ability to figure out that
adding one to a particular number gets you to
the next number. All of the children studied
hadn’t mastered that skill before the experiment
began. Some of those kids came in with a “rela-
tionship” with Dora, perhaps from watching the
TV show.

The researchers examined how well students
learned when a Digital Dora—controlled by an
adult who was hidden from view—taught the chil-
dren the math concept as part of a virtual game.
They also examined whether those skills trans-
lated to the non-digital world, where students had
to demonstrate their learning using physical ob-
jects. And they delved into whether students were
able to talk about math at a higher level if they got
corrective feedback from the character.

The upshot: Dora proved to be a great math
tutor, especially for kids who already had a strong
connection with her. The kids who had the stron-
gest “relationship” with Dora and talked to her
the most about math had faster and better math
responses during the virtual game than those who
didn’t. The youngsters were also able to demon-
strate what they had learned in the virtual game
with physical objectsif they learned from the char-
acter, as opposed to learning from a disembodied
voice. And children who received feedback from
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the character also performed better.

Of course, having an actual person talking to
cachindividualstudentis not easily scalable. Butde-
velopments in artificial intelligence might be able to
create an interactive teaching character that would
not require an actual person behind the scenes.

That won't be easy, Calvert acknowledged.
“It would be really expensive to make this work,”
she said. That’s partly because voice-assisted
technology has a tough time understanding
small children. “Kids voices have notoriously

been difficult to pick up,” she said.

Still, Calvert sees possibilities in the findings.
After all, as AT teaching techniques get more so-
phisticated, kids could be learning math (or social
studies or science) from almost any character that
they have a strong parasocial relationship with.
Parents (or teachers) could choose to have Daniel
Tiger teach reading or let Peppa Pig help enforce
science concepts.

Dora, Calvert said, “could be swapped out for
any character. Whoever it is that your child loves,

Math Instruction

you could put theminto these kinds of settingsand
get [kids| ready for 21st century learning.”

And it’s possible, Calvert said, that this could
even work for older children. (Think of Marvel
Comics Captain America as a great civics teacher).

That’s not to say that Cap or Dora or any digital
character will ever replace a teacher, Calvert cau-
tioned.

Rather, she emphasized that “this [could be| a
toolintheir toolkit” to help personalize instruction
for students. W

Despite the limitations of
remote instruction, we resist

the temptation to reduce
math to 'tricks' and shortcuts.

- Bobson Wong & Larisa Bukalov

OPINION

Published May 7, 2020, in Education Week’s Classroom Q&A With Larry Ferlazzo

Math Instruction in the
Age of the Coronavirus

By Bobson Wong and
Larisa Bukalov

hat does math instruc-
tionlooklike in the age of
the coronavirus?

Core Beliefs About
Math Instruction
Our teaching has changed in many ways as
we've moved from in-person to remote instruc-
tion. However, our core beliefs about math in-
struction, pedagogy, and students remain un-
changed. In this section, we describe four of these
central beliefs and some of the steps we've taken to
modify our instruction while maintaining them.

1. Students need to feel safe before
they can learn.

If students feel threatened, their brains re-
lease adrenaline, which inhibits cognitive func-
tions and any other activity that is viewed as un-
necessary. Creating a well-organized classroom
and a supportive relationship with students sets
the foundation for successful learning and helps
communicate high expectations. Such an envi-
ronment encourages students to take chances
and reduces their math anxiety, the feelings of
fear and tension when doing math.

We find that creating a safe atmosphere is
even more important now. Many students live in
busy, stressful environments. Some take care of
younger siblings or older relatives or share a small
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home with others. Tensions can be exacerbated
when students and teachers are forced to stay at
home all day. To maintain a stable environment,
we establish clear routines and procedures in our
online assignments and meetings so that stu-
dents know what we expect from them. These
routines not only benefit students but also benefit
us by helping us manage our schedules.

Wealsoworktomaintainthe sense oftrustwith
students that we have worked to build throughout
the school year. Research indicates that establish-
ing an emotional connection supports learning
since it frees up the brain for higher-order thinking.
Even simple acts like checking in with individual
students periodically can show that we care about
them and counter students’ feelings of alienation
toward school. Building trust is an important part
of culturally responsive teaching, the use of students’
prior experiences to expand their learning capaci-
ty. Maintaining connections also prevents us from
feeling isolated and maintains our spirits.

2. Math should make sense to
students.

As we plan our lessons, we also make sure
that the math we teach makes sense to stu-
dents. Despite the limitations of remote in-
struction, we resist the temptation to reduce
math to “tricks” and shortcuts. Such misguided
attempts to save time or energy can quickly
backfire if students see the work as pointless
and rewfuse to do it. Although we can’t do the
cooperative activities that help students devel-
op conceptual understanding, we incorporate
smaller sets of questions that students can work
through independently.

3. All students need access to
rigorous math.

Students should solve challenging problems
that deepen their thinking, not simply complete
mindless calculations. Short self-guided discov-
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Building a Foundation for the Essential Learning of Mathematics:
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ORIGO Education’s Book and Box of Fact Strategies resource
teaches all four operations (addition, subtraction, multiplication,
and division) from this perspective of connecting procedural
fluency to conceptual understanding, developing strong number
sense, and mastering an efficient set of generalizable strategies.
Student readiness for each strategy is ensured at the Prepare
phase. Each strategy is then introduced and reinforced before
being used to practice the associated facts. This happens
through direct instruction as well as through games and a set of
specially-designed visual representations, all of which support
the Piagetian developmental approach noted above.
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Lessons progress
through the phases of:

Prepare
Introduce
Reinforce
Practice
Extend

Once students have mastered these core strategies, they are able to extend that knowledge.
The figure below shows the extension of the three commonly-used addition strategies from
basic facts through greater whole numbers, fractions, and decimals.

Further Extensions Fraction Extension Decimal Extensions

Strategies First Extension
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Bridge to ten
9+4

Bridge to ten
39 + 4

I@' O RI (;O\ Further information about these resources can be found here:

EDUCATION origoeducation.com/fact-strategies
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ery activities enable students to actively create
knowledge. Recognizing our students’ needs
and hidden biases in our own thinking can also
make our teaching more relevant and culturally
responsive.

4. Teachers don’t have to do
everything to succeed.

Under normal circumstances, our classes
usually consist of a daily in-class lesson, accom-
panied by a combination of assignments that
include homework, tests, quizzes, and projects.
Our students work in class under our supervision
and outside of class with friends, with family, or
by themselves.

In times like these, though, everyone’s rou-
tines—both ours and our students’—have been
seriously disrupted. As aresult, we try to be flexi-
ble and mindful of students’ limited time as well
as our own. When we plan lessons, we make sure
that students can complete it in a reasonable
amount of time. We don’t assume that students
will be able to spend the same amount of time
at home that they do in school, so we adjust our
expectations and our assignments accordingly.

Most importantly, we remind ourselves that
we can’'tdoeverything. The strategies we describe
in these articles are not a checklist of everything
that teachers must do to be effective. Instead, we
see them as a collection from which we can pick
to improve our instruction. Nowadays, we find
that limiting our expectations for ourselves and
others helps us maintain our sanity!

Designing Online Math
Assignments

Without in-person meetings, our online as-
signments are the only interaction that we have
with many students. As a result, we have to make
these assignments as meaningfuland manageable
as possible. Here are some of the strategies that we
usetodoso.

Creating Unit Plans

As we do with our regular teaching, we orga-
nize our instruction by creating unit plans, doc-
uments that map out the major learning goals
and the order of lessons for a unit. Unit plans
don’t have to be long, complex documents. They
can be as simple as a pacing calendar.

Since our year-end goals have changed, we've
changed our unit plans. In many cases, we've lim-
ited both the scope and content of our lessons. We
omit topics that would be too challenging for us to
explain remotely. Instead, we present new mate-
rial only if it extends previously learned concepts.
We occasionally give assignments like projects or
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remind ourselves that
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we can’t do
everything.

- Bobson Wong & Larisa Bukalov
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other activities, which provide a welcome change
to our routine. However, we limit these assign-
ments to small activities that students could com-
plete largely on their own with little or no research.
The Desmos and Geogebra websites have many
examples of online guided-discovery activities.

No matter what content we cover, we close
the year with some type of year-end review,
which helps to reinforce a sense of closure for
the year and increases the likelihood that our
students will remember the content.

Posting Online Assignments

Just as we have routines and procedures in
our physical classrooms, we also establish them
in our online assignments. Routines and proce-
dures make classrooms more predictable, which
helps students focus on learning.

To keep our online assignments more or-
ganized, we first simplify our work by giving
no more than one assignment per day for each
course or subject. Under normal circumstances,
we would give both classwork and homework,
but giving two or more online assignments per
day can overwhelm students who are unaccus-
tomed to managing all of their time at home. To
make our work more manageable, we post one
assignment every day. If we give larger assign-
ments, we split it into smaller parts.

We post all of our assignments on a class
website. When we post an assignment, we in-
clude the following:

o Title and due date: Numbering assignments
helps us refer to them more easily. To commu-
nicate more clearly when assignments are due,
we put due dates and the aim directly in the as-
signment’s title, such as “HW #16: How do we
solve quadratic equations by completing the
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cher

square? (Due Wed. 4/15/20).” Grouping assign-
ments by category or subject helps students
find them more easily.

Online resources: We include links to videos or
websites that students can use to understand the
lesson. These resources enable students to learn
at their own pace and allow us to provide differ-
entiated resources for English-language learners.
However, we find that students often need addi-
tional help, so we also run online meetings.

Directions: Instead of using pedagogical jar-
gon (“In this assignment, students will be able
to use the equation of a linear model to solve
problems in the context of bivariate measure-
ment data.”), we prefer clear, simple language
(“Today, we'll use linear equations in two vari-
ables to model real-world problems.”). This en-
ables students—and anyone else that may be
helping them—to understand our directions.

Template for student responses: To help
students organize our thoughts and to make
grading easier, we create templates containing
the questions that we want answered and ap-
propriate space for student work. Websites like
DeltaMath that automatically grade student
responses can simplify grading. We also give
students multiple ways to submit their work.
For example, if we want students to complete
a worksheet, we allow them to type directly
on the worksheet or upload written work on a
printed copy.

We try to be flexible with assignment dead-
lines. Although we clearly (and repeatedly) state
deadlines, we accept late submissions without
penalty. If students consistently miss work, we
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reach out to see how we can help. In times like
these, we find that compassion goes a long way.

Running Online Meetings for
Math Classes

Online meetings with students are a critical
part of our remote instruction. Simply posting
assignments with videos or weblinks doesn’t
allow us to see how students react to our in-
struction. Even monitoring student responses
through online forms (like Google Forms) or
websites that automatically grade student work
isn't enough—our students want more imme-
diate feedback. Online meetings do more than
provide a virtual version of an in-class lesson.
They also enable us to talk to students in real
time and give them more individual attention.

First, we think about what kind of class-
room setup we need at home to run meetings.
This can include items like a camera stand if
we need to show things that aren’t on the com-
puter screen. If we turn on our cameras dur-
ing online meetings, we also think about what
background we have (such as a bookshelf, cur-
tain, or a plain wall) and what we plan to wear.

We limit our online meetings to one per
course or subject per day so students aren’t over-
whelmed. To make them more predictable, we
schedule meetings at the same time every day.
Our meetings usually run for about one hour.

Here’s how we usually structure our on-
line meetings:

e Introduction: We start our virtual meet-
ings by greeting them individually as they
log on. These measures reinforce the mes-
sage that students matter to us and give
us time to talk to them. (Sending a quick
reminder to students right before the be-
ginning of the meeting helps!) During this
time, we encourage students to turn on
their audio and video but only if they feel
comfortable doing so. We also use this time
to make announcements, such as remind-
ers of upcoming assignments. If appropri-
ate, we also share some personal updates
about our own lives, which helps remind
students that we’re human!

Mini-lesson: We then present a brief les-
son—usuallynomore than five minutes—that
summarizes important or especially tricky
concepts. We ask students to turn off their au-
dio and video (some apps allow the host to do
this with one click). Doing so minimizes dis-
tractions from background noise, improves
our sound quality by reducing the bandwidth,
and protects student privacy if we record the

lesson and upload it online. Students who
want to ask questions can type comments in
the online chat area or unmute themselves
temporarily. To help students see what we're
discussing, we share our screen with students
so that we can display problems, relevant ani-
mations, or other helpful visuals.

Feedback: We devote most of our online
meeting to giving students time to ask
questions and develop skills. Students who
feel comfortable may discuss a solution or
ask a question by sharing their screen, turn-
ing their video on, or typing in the online
chat area. If we put problems on slides, we
allow students to speak while we write on
our slides for them. If students don’t have
any immediate questions, we allow them
to work independently until they need help.

Summary: We summarize our lesson with
a question that enables us to gauge our stu-
dents’ understanding of the lesson. For ex-
ample, we ask students to type their answer
into an online form (such as a Google Form)
so we can instantly collect and analyze stu-
dent answers. We then review the question
with students and remind them again of up-
coming assignments, such as homework.

Although we consider these meetings
important, we also recognize that many stu-
dents aren’t able to participate. Some of our
students have told us that they have limited
internet access, share a crowded and noisy
home, care for younger siblings, or are griev-
ing the loss of a loved one. To accommodate
them, we edit and upload a record of our
online meeting, such as a video recording or
slide presentation. We may also schedule sep-
arate meetings with other students at another
time. However, we try to put limits on these
individual meetings since the time required
to meet with individual students can quickly
add up! Most importantly, we don’t take stu-
dents’ lack of participation personally. l

This article features commentaries by New York
City high school math teachers Bobson Wong and
Larisa Bukalov. They are the authors of The Math
Teacher’s Toolbox (Jossey-Bass, 2020) and recipi-
ents of the Math for America Master Teacher Fel-
lowship. Larry Ferlazzo is an award-winning Eng-
lish and Social Studies teacher at Luther Burbank
High School in Sacramento, Calif., Larry Ferlazzo
isthe author of Helping Students Motivate Them-
selves: Practical Answers To Classroom Chal-
lenges, The ESL/ELL Teacher’s Survival Guide,
and Building Parent Engagement In Schools.

10

Math Instruction

OPINION

Published on August 6, 2018, in Education Week

STEM Education
Has a Math
Anxiety Problem

Focusing early
education efforts solely
on STEM integration
does students a
disservice

By Gina Picha

n 2012, the President’s Council of Ad-

visors on Science and Technology

released a report calling for a national

effort to produce 1 million more STEM

graduates. Science, technology, en-
gineering, and math educators have responded
with a sense of urgency, and STEM programs
and schools have been developed throughout the
United States to better prepare our youths for ca-
reers in those fields. STEM curricula experts have
begun to integrate student-driven inquiry and a
real-world context that add authenticity to class
projects and prepare students for future STEM
careers. They also encourage educators to con-
nectlearning across disciplines.

So how is STEM education still missing the
mark, especially at the elementary level? Project-
based learning and other practices that support
educators in integrating across content areas
have benefits, but those benefits will mean noth-
ing if our young people do not enter in STEM
fields or majors. These skills and experiences are
rich and useful when done well, but secondary to
the real roadblock that many American students
face. We must look deeper than any new pro-
gram or initiative aimed at simply increasing in-
terestin STEM careers. We must look at aknown
problem that we often avoid talking about: the
math problem.

Our students cannot enter into STEM majors
if they have a fear of mathematics. Even students
with an interest in a STEM major often drop out
because of a lack of ability or confidence with
mathematics, according to University of Chicago
researchers Sian L. Beilock and Erin A. Maloney.

Elementary schools cannot integrate un-
productive math practices and hope to turn out
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STEM graduates. In fact, we don’t need to start
with integration at all. The problem lies in an
avoidance and anxiety toward mathematics that
begins as early as 5 years old.

Educators can successfully integrate math
with other core subjects, but I wonder why we
are focused almost entirely on integration. In-
tegrating mathematics isn’t an easy thing to do
well. Often times it is math that is put in the pas-
senger seat to lightly serve another subject, proj-
ect, or task.

So what is quality math instruction? Quality
math instruction is real-world, collaborative, and
involves productive struggle, debate, and conver-
sation. Integrating unproductive math practices
into other content areas is counterproductive for
any STEM program or school. Instead, healthy
math classrooms have time when the math is in-
tegrated and also times when it is not. We know
that developing deeper mathematical conceptual
understanding takes time, perseverance, and a
learning community free of anxiety. Research
tells us that these are the things that our young-
est students need most as they begin to develop
their math identities. Integrated content cannot
be the sole focus of STEM programs if it comes at

the expense of addressing math anxiety.

Students need to learn critical thinking skills.
They need time to apply their learning in an inte-
grated and authentic way. They need time to de-
velop their success skills. But those things alone
do not make a successful STEM program.

If our programs and schools do not produce
more students capable of graduating with a
STEM major, then are they successful? My con-
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cern isn't just that many students continue to
avoid math—I already know that. My concern
comes from the realization that STEM educa-
tion, the very thing that should be combatting
this problem, seems to be focused on everything
but the actual barrier. H

Gina Picha is an elementary instructional coach for a
publicschool district near Austin, Texas.
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