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Research-based .
online practices

Improving Mathematical Problem
Solving in Grades 4-8




Goal of Doing What Works

Translate research-based
practices into examples
and practical tools that
support and improve
classroom instruction.
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Today’ s Session

Introduce DWW library as a
resource for educators on
evidence-based practice.

Investigate the Mathematical
Problem Solving topic.
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The U.S. Department of Education has suspended
operation of the Doing What Works website. You
can still acquire many DWW media and materials
through other channels.

— WestEd box for DWW Materials:

https://wested.app.box.com/dww

— Professional Development packages
 Research-Based Practices for K-6 Mathematics
 Doing What Works: Adolescent Literacy
 Doing What Works: Improving K-3 Reading Comprehension
« Doing What Works: Increased Learning Time

« Doing What Works: Research-Based Practices for Secondary
Schools

« Doing What Works: Using Student Achievement Data to Support
Instructional Decision Making
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Doing What Works Topics
Literacy
Mathematics and Science
Quality Teaching
Data-Driven Improvement

Comprehensive Support
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Mathematics Topics

Encouraging Girls in Math and Science
National Math Panel:

Critical Foundations for Algebra

Major Topics of School Algebra
Developing Effective Fractions Instruction
for K-8
Improving Mathematical Problem Solving in
Grades 4 through 8
Response to Intervention in Elementary-
Middle School Mathematics
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U.S. Department of Education
Institute of Education Sciences (IES)
What Works Clearinghouse (WWC)

Practice Guides

DWW Library
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IES What Works Clearinghouse Practice Guides

IES PRACTICE CUIDE WHAT WORKS CLEARINCHOUSE o3 PRACTRS CADE WHAT WORES CLEARNGHNOUSE

Assisting Students Struggling with
Mathematics: Response to Intervention
(Rtl) for Elementary and Middle Schools

Developing Effective Fractions Instruction
for Kindergarten Through 8th Grade
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IES What Works Clearinghouse Practice Guides

LDRCATOR 3 PRACTICE GoaD WHAT WORKS CLEARNCHOUNE

Encouraging Girls in
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Newest IES

Practice Guide
(November 2013)
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How Practice Guides are Developed

Expert Panel
- Researchers
- Practitioners

Y

=

Research

— Broad Search

Recommendations

%

Peer Review

— Assess Quality
~ Identify Examples
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EROCATON Y PRACTHE ot WHAT WSl CLIAERMNOY OIS

Improving Mathematical Problem
Solving In Grades 4 Through 8
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Practice Guide Recommendations

* Prepare problems and use them in whole-class
Instruction.

= Assist students in monitoring and reflecting on the
problem-solving process.

= Teach students how to use visual representations.

= Expose students to multiple problem-solving
strategies.

= Help students recognize and articulate mathematical

concepts and notations.
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Jcommoncore Mathematical
Practice

1. Make sense of problems and persevere in solving them.

2. Reason abstractly and quantitatively.

Construct viable arguments and critique the reasoning of
others.

Model with mathematics.

Use appropriate tools strategically.

Attend to precision.

Look for and make use of structure.

Look for and express regularity in repeated reasoning.

DOINGWHATW’#RKS
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level of evdence raung.
T™hes Practice Gude s the
foundavon for the Dang
WhS! Works conmternt on
fraction ingtruction, miuch
marges e Sve
recommendetors mto
four practices.

- rre ¥ e Gand
on the What Works
Cearnnghiuse webste,

Overview Media &
Uateriaks

£ 1ampdes Tools

Visual Diagram

Fraoctions Instrection

Thes dagram serves 35 3 visual overmew of the
recommended instruchonal practxces for
teaching fractions n elementary and meddie
schoal, along with rformaton on the
imowledoe teachers need to teach fractons
effectively. Use thes daagram to rmsbiate
descussons with teachers about how students
understanang of fractyons develops

P DOANLOAD DIACRAM | PO# TN
| O NASRE N S N A S SR S——

Expert Imterview
The Importasce of Fractions Instruction

Robert S, Seeglec PHD,
Carnegee Mefion Universty

Dr. Robert Seegler chscusses why competence
with fracthons 15 crtxcal for more advanced math
and why US, studerts have dfficulty grasping

fracthons, He dlso descnbes the development 3l
peguence that grounds leamang about fracthons

N & 508d base of conceptual understandng
(3124 mn)

b SOYARNLOAD VINSS | T I * 2
RRENLOAR VISR L OWICETINE LI NS

2 *mANS 1Y B BETAILY | B »
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Expert Imterview

What Teachers Need to Know About Teaching
Fractions

Francs (Skp) Fernnell, PhD.
McDarvel Colege

:’ - Dv. Franos “Shp ™ Fennell desconbes the
: nowiedoe teachers need to teach fractons
eflectively, DAy specl Stention 1o mutple
strateges for representing problemss rwohg

(4?."\
p Play Video |

Fractoeys, Me Secusses the corvergence of
currcudum 3 explioces why students and
Leachrs Bavve dificuly with Cartan fraction
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Thiis Gagram Mantrates how fve (ocommondation s
the Practice Guide Inproving Mechematicel Problesy
Sotving in Grodes 4 Theough § can be implomented
I8 hessons, In Uhe Ol am, Coachers are shiwn
preparieg a problem, peoviding apprepeiato problem
wiving imleuction Lo sludents, and Sbriefing he
problom sobvieg peocess with students, it & imgortant
Tor 1ocNars 1O Conshior il the practioos widn
tonducting a problom wiving levion. Dren though
LOAChOrs Mury HOL uso MR Ghoments of Tha practioes

I every protlom-sobving lewsos, imtrection and
dobriofing of one levion will wipport prepuration and
plansieg for the st esson,

Prepare Probloss

Prodlem sotving should be an ntegral part of ¥
PAIRONETICS Curricular wnils with Linne SlOCaled
for problom scivieg In whole <lans imtrection,
Thoughtil progar ation of problem- wobving activities
Inchodis intentionally plansing 1o wie & varioty of
probloars, eausing that students have the lanwge
and mathematical supocience tecenary 5o wive
the probienrs. Lewom shodld e roctine problenn
whon) The goal & 1or SLUGNNLS 10 Undstand &
mathomatical Mea and 1o noo-routine probiloms

whion the goud 1 for students to think strategically
and apply what thoy loam,

Maeitor and Redect on the

Prodden Sotving Process
Monitoring and reflecting during problem solvriag
olgn sDu0eats evalualo the stegs thay ae Laking L0
S0LV0 & PIODRTR Ml CONMECL e CORCOPLS 10 whit
theyy siroady kaow. Widle the utimate goslt I for
Sdonts 10 monitor and reflect on Ul own wiille
solving a problem, toachers can wppoct sedeats with
Prompts and can ine a thinkalond to model what they
do wivle sobving a probiom. Teachens can we sludent
Wnking 10 develdop students” abl ity 10 monior and
reflact by anking students to exgplaln thok remcning
of compare thek rategy with other stratoeghe.

Instruction

Vil Repr osentations

APDropr e viual feprosentations (o.¢., 1abi,
Fagh, and/or Gagram) help wedoaty wive

Drodhers by Lking W (eaTiormdégn botmmen
Quinlithid I a probiom with the mathessatics
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The 1S Iactice Carkde Doraning Metbematice? Prodiem Sedving in Coodet 4 Through § dells e lenprorance of Leachey
lecorporat ing probhen wol ving ntn thelr clavoom Sdtriction. The Caulde has Mhve racommendation of offectivo nune
Ponal practiom lor smprodng Atudents’ groblem sobving skils, §or purpone of thh webste, he e rocormemendat lom
w0 cominndd o Uweo praction for conducting A leason

operaticnm seeded L0 solve the probien. Vil
represealalion help sudeals snderilasd the
mashomatics ivolved In a problem and trandate
Information iato wymbolic notation. Teachen should
SCE and Loach visual roprasentations appropriate
for shudents and the prodlons they ae sobvieg.

NedUiphe Probilens. Sobving Strateghes

Succowtul problom sobvers know and ue multiple
Araloghn 10 selve probbeess. Toachors Should endour
290 studonts 10 e stratogios that are offickent and
mako 1o 10 them. Studeats who practice with
mutiple problom sobving strateghes, sharisg and
COMPArng sratoghes with othey Stedents, we ablo
o appeoach and sobve mathematicy problenm with
groater Neaitetity.

Natheratical Concepts and lotation

Mathomatical concopts and notathon peovide students
with wtructures for organiring information in &
probiom, Students develop now ways of comoning
O Toachers euplaln rolevant COMCOPLS and notation
In the content of problom wiving, promgt students to
provide mathematicaly valld explanation, and help
udents foake w0t of Algedrak notation



Topic overview

0 Doing What Works

/}\

"0\'\\

Facilitating Mathomatlcal
Problem Solving
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Practices

* Prepare Problems

* Problem Solving Instruction
— Visual Representations
— Multiple Strategies
— Concepts and Notation

 Reflect and Debrief
DOINGWHATW 2RKS



For Each Practice:

e Research base/Instructional presentations
o Expert interviews

N -, T un

Bew Moy A Works

e School site videos and slideshows
e Interviews and sample materials
from schools

e ldeas for action
e Tools and templates to implement practices

Do WhHhat Wurks
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LEARN SEE DO
Overview Coach Talk: --Workshop: Learning Together
Prepare Experts: Preparing for about Preparing Problems
Problems Philip Ogbuehi, | Problem Solving | ._Self Assessment: Checklist
Patricia Herzig | Lesson Pre- for Problem Planning
Conference --Planning worksheet: Planning
& Sample and Adapting Problems %
Materials
Problem-Solving | Overview Nine Classroom | --Walkthroughs: Teaching
Instruction Experts: Videos Problem Solving
(visual _ Asha Jitendra . | & Sample --Workshop: Using Visuals
:relsll::ie:;aentatlons, Mark Driscoll Materials --Reference: Connecting
strategies, Ken Koedinger visuals to |.oroblem ?ypes
--Observation: Multiple
concepts and A hes to Problemn Solvi
notation) pproaches to Problem Solving
Reflect and Overview Three --Workshop: Learning together
Debrief Experts: Classroom about Monitoring and
Sybilla Videos * Debriefing
Beckmann & Sample --Observation: Students’
Materials Understanding of Process

Mark Driscoll

--Planner: Developing
Thinkalouds

-- Debriefing Student Solutions
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Improved performance on word
problems when context is familiar
and of interest

Improved performance when teacher
planning of problems takes student
language and math content
understanding into account

* Frequent opportunities for
whole class problem solving

* Advance preparation to adapt
problems for students

* Use routine/non-routine
problems
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Prepare Experts: Preparing for about Preparing Problems
Problems Philip Ogbuehi, | Problem Solving | ._Self Assessment: Checklist
Patricia Herzig | Lesson Pre- for Problem Planning
Conference --Planning worksheet: Planning
& Sample and Adapting Problems %
Materials
Problem-Solving | Overview Nine Classroom | --Walkthroughs: Teaching
Instruction Experts: Videos Problem Solving
(visual _ Asha Jitendra | & Sample --Workshop: Using Visuals
:relsll::ie:;aentatlons, Mark Driscoll Materials --Reference: Connecting
strategies, Ken Koedinger visuals to |.oroblem ?ypes
--Observation: Multiple
concepts and A hes to Problemn Solvi
notation) pproaches to Problem Solving
Reflect and Overview Three --Workshop: Learning together
Debrief Experts: Classroom about Monitoring and
Sybilla Videos Debriefing
Beckmann & Sample --Observation: Students’
Materials Understanding of Process

Mark Driscoll

--Planner: Developing
Thinkalouds

-- Debriefing Student Solutions




DWW Tool

Planning tool
to guide review
and adaptation

of problems
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WNSTRUCH
.\ m.\J Instructional Strategies

Teach students to use visual
representations, employ
multiple problem-solving
strategies, and relate
mathematical concepts and
notation to problem solving.

—
-
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Mark J. Driscoll

V)
Ken Koedinger
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Students who visually represent mathematical
information prior to writing an equation are
more effective at problem solving.

Using visual representations is most effective
when students design their own representations

More successful problem solvers are more
efficient in selecting approaches to problems
because they know how to use multiple
strategies.

Using worked examples and asking students to
explain the process improves problem solving.
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Teach students to use visual representations,

employ multiple problem-solving strategies, and
relate mathematical concepts and notation to
problem solving.

(.‘““' ,0'5.“

DOINGWHATW #RKS



See How: Visualizations
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SOCXHRLISERS

gmm MATERIAL

Frank's Problem
Mactams Flerrwniary S, Wesvegte

P e T s P aDui o ML it e Nl oy S P! POADg T O

TaPaE: wpron g Mahemath s Aeatdem S000ng I Londen ¢ Thveagn )

Prectice. Prodders Sate Vg e thon

Saduon Demeotary SO0l T raden work B goups and e vieas
POPAPRANLATIONE TO Dreant Wl IONSTONN 30 TVL DUAtS peoiem Do
Fraoks Frosh Farm Procduce. i a30mon 590 9 orodles matement, thin

e
: .(l ;'.‘ -r'.'.".! w:

& »‘ﬁ-f’§ N

Fraok russ & business called Frank’s Fresh Farm Praduce. Once a week
he drives north of the city to farms where he buys the best podasidle
fresh prodece for hs customers. Frank can trave! 600 miles on a full
tank of gas. Ms truck has 2 fancy, accurate fuel gauge.

Usually Frank has time 10 visit only one farm on each trip, but this
week he docides 1o visk both Stan's and Lousa’s farms. When Frank
drives from his store 10 Stan's farm and back, he knows he wses 5/12
of 3 tank of gas. When he drives 10 Loulsa's farm and back, he uses

1/3 0f 3 tank. From & map of the seea, he learns that there s 3 road lN q
pee— from Stan's farm 1o Louka’s fem that i 120 miles long. He realizes S NN ’ S T e

that he can drive from his store to Stan's farm, then 8o Louka's farm,
and then back to his store in cne locp,




Connecting Visuals o Problem Types

VUTVUWHATW S G
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axamples.

Connecting Visuals to Problem Types

When planning instrucson on using visual repeesantasions i problem saiving, math coaches
and teachers can refar 1o this summarny of information from T Mathamasiosl
Problem Solving in Geades 4 Thvough B Practice Guide, For each type of visual regresentason,
the charn below includes the kinds of peatiems £ can be used 10 sobve, with several problem

AS 8 procursor 1o using this 100l, leschers may want 10 watch B video inlerview with Dr. Asha
JManden, Metching Visoals 10 Purpose in Prodiem Soldng, wheee sha talks about the role of
different types of visual ropresentations and suggests a problee wham mode Ban one visusl
representation could be used. Addtional examples can be viewed in e Effective Prodéem-
Instruction cvenviea and in B dassrcom peeseniations of Mutipdcation of Fractions
Solving in Pro-Algebva, Note that some peoblens can be sppropdalely

Sokdng
Prodem and Prodien

On the playground Tere ane some Yicyckes and some
wigons. There are frve mose ISCyces than wagons. When
yOou count the wheas on af e velicles, thern am ausctly 38
whoels, How many Foyces and how iy wagons ase on
the playground?

In Ms. Jacobs' class there are 3 gris for every 4 boys (the
rato of grits 10 boys is 34). Thare ase 23 shudents i Do
clii. How marry Boys and how masy gris ar is Do casa”

Paul ssys be uves 1 % Mers of paet 1 paiet & fence 8
maters long, Mo would Moy %0 know how much paint 3o Suy if
the fence he noeds 10 paint is 20 meters long

ARCo's waling rato is 2.5 maters per socond. Mot younger
Deother, Mark, walks 1 moter por second. Because Aloe's
rite i et than Mark's, Aloe gfves Mark & 45-meler head
¥t 0 8 100-mater waliking rece. Wit happens i e
race?

In Ms. Jocobs’ class thare are 3 guls for every 4 boys (the
rato of giris b0 boys is 34). Thare ase 23 shudents i e
class. How marnry Boys and how masy gris are is e cdess™

Paud says he uses 1 % Mers of pant % paint & fence 8
maters long, Me would Mo %0 know how much paint 50 Suy if
the fence he noeds 10 peint is 20 metery long

M. Thompeon has 40 show doga md 14 am Ladradon.

Serip Diagrama
(or Blar Diagrams )

change
Wit start unknown

A farnsly of hves adults and Bree childres goes 10 a0
amusemant park. AR adminaion fare Iy Beicn a8 much &8 4
chi's. The tamily spends $31. Mow much is the adut
admission fare? How much s the chid aamission fare?

Eva spent 25 of the money sha had on a coal, and then she
spent 173 of what was Wit on & seestor. She had $T0
romeining. How much & ahe start with?

Ples oo vory popular ot the tak, 30 the baker mads lots of
s aarty in the moming. Me soid 25 of he pes befors
Noon. Then ha s0id 172 of the remaining phes in the
ARmMOON. 12 MOMe e were S0k N the Mmoming than in the
alarnoon. How muny phes od he Baker rroes?

Carta snd Jeasics sach have some money. Carts bas $11
more than Jessica Mow much does Carta have 7 How mech
0o0s Jessica have?

During a sale, prices were marked down by 20%. The sale
pece of an e was 584 What was the origingd grice of Be
o belorn the dscount?

if

Thern wisk & candy bowd on the table. Amanda had a swoet
Soth, 50 she wn haif of the candies b B bowt. £4 came
slong and hought the candy looked good, 50 he % 3 Bid
Of whast wiss lofl. Heather came by and 1ok & fouth of the

Candies for n anack. Jartme Clme rushing by and
ook st onm plece of candy, When Krisd locked o e
candy bowl, she noticed thare wen dwo pleces of candy left,
"How many candies wero in the Bowl 10 begin with?”™ Kriss
ashod.

Mes. Logan went o the Pride Coundcll bake sale 1 Buy sorme
beowrdes. Al pens of brownies cost $12. Contormens can buy
any fractonal part of a pan and pary that fracton of $12
M. Logan bought 34 of a pan that was 215 8. Mow much
oid she pay?

ARCE'S waling ralo is 2.5 maters Dar S60ond. Hor younger
Deother, Mark, walcs 1 seter por second. Bocause Alos's
rade s e than Mark's, ASos gives Mark & 45-meter hand
st i » 100-meter walking race. Wihat happens 0 e
race?

John recently partiopated in a Semllo run. He usually runs 2
mkas n 30 minutes. Bechuse It wits & parSculanty wanm day,
he decided 15 Wk & S-micute Drask dfar every male 10 drick
4 cuncas of water, How much Smae did it tke him o
commpiete the Sovle nn?

During a sale, prices were marked down by 20%. The sale
peca of an Bem was S84 What was the onigingd price of e
B balore the dscount?




USNG VISUAL REPRESENTATIONS

Problem 1. ;
On the playpround e e S0me CYCks and $Ome wagons 72*‘
There are Sve more cycles than wagons

When you count the wheets on all the vehicies, there e cxacty 36 wheols

How many hcycies and how many wagons ase on e playground? 6

Table
The table stanns 2 5
Uricyches o8 0 wagons
bocaste thess we $ more
treyches thar wagont
Prcionad
AAAAAAAA .
... LR M
Totel ¥
Cquatons

Lot [ 5e he mumbar of tricyches and w be the
member of wagorn. Then,

tewel

e dw o



Reflect and Debrief

Research Findings Implications for Instruction
» Students solve problems * Provide prompts.
better when they monitor
their thinking and problem- * Model how to monitor and
solving steps. reflect.

The more students reflect on - Use student thinking to
their problem-solving develop students’ ability to
processes, the better their monitor.

mathematical reasoning.
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Overview Coach Talk: --Workshop: Learning Together
Prepare Experts: Preparing for about Preparing Problems
Problems Philip Ogbuehi, | Problem Solving | ._Self Assessment: Checklist
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strategies, Ken Koedinger visuals to |.oroblem ?ypes
--Observation: Multiple
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Beckmann & Sample --Observation: Students’
Materials Understanding of Process

Mark Driscoll
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Thinkalouds
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Monitoring the Problom. Avélesse Specuitsiescun. smiiuin
S lvine p - Isache maden feachny

UIYWg FYacess Suggestod Usei = s ewipome
Syoila Dechinene, Ph D, Septamber 2000 boeitvr srariaewent

Doing What Works
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Monltoring Progress While Solving Problems
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p Play Video

Solving a Real World Fraction Division
Problem

Biza a1 ioaldise Schoal of Math and

ehasteas LS

A Sith-grade teacher poses » fraction
dovvmon problem and challenpes
studerts to find dfferert approsches to
2 sohon, One studert uses 3 number
e others use budd-wp strateges. See
ther ssnigrment in Wed Shols or
SO Frebem (0041 ven)
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Web Shots for Spiderman

Zayd and | were playing in the garage and he wanted to be just like
Spiderman. He asked if we could make him a web shooter out of rope

that he found.

To make each web shot, it takes 1 % inch of rope
If he found 20 ; inches of rope, how many web
shots can we make for my Spiderman?

What is the mathematical sentence? Then solve.
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| oesnroracaos  [ESNPEREERN Reflect and Debrief

Monitor and reflect on the problem-sciving process, and debrief 10 explain and
compare problem-soiving strategies.
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Debriofing Studont Scolutions
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Comamn Comx Stam Stavaarmm ros Marmsanes

STANDARES FOR MATHIMVAIY AL TR TS
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DWW Resource Inventories

Topic: Improving Mathematical Problem Solving in Grades 4 Through 8 (PS)
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Topic Summary
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* Help wadents recognize and articelate mathomatical concepts and notation.
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research-based practices online

Developing Effective Fractions Instruction for K-8
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