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’ Agenda

~ + WHY teach problem solving to students £
with moderate/severe ID

» WHAT to teach when teaching problem
solving to students with moderate/severe
1D

+ HOW to teach problem solving to students
with moderate/severe 1D
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GOALS OF TEACHING

PROBLEM SOLVING:

* Increased number of opportunities that
students may have never had before

* Increased independence as well as
employability advantages

* Increased ability to apply mathematical
skills to everyday life
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Why is problem solving so difficult
for students with disabilities?

« Linguistic Difficulties » Executive Functioning

— Length of problem Demands
— Sentence structure and — Planning
complexity - Organizing
— Vocabular — Deciding on strategies to
>_I f use
~ Order ke_y information — Putting information from
appears in problem problem in working memory
— Reliance on reading — Retaining strategies for
comprehension solving
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Additional Difficulties for Students
with More Severe Disabilities

« working memory deficits

attention deficits Must have hi g h qu al it /
limited background knowledge '

and experiences explicit |nstruct|on_v_\/|th
difficulty with language repeated opportunities

comprehension for practice in order to
« early numeracy deficits and be effective

lack of fluency h ical bl
= difficulty with self-regulation mathematical problem

— (Donlan, 2007) SOVES
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Successful Problem Solvers
Combine:

Conceptual
Knowledge

Procedural
Knowledge

Finding the

Comprehending
solution

the text

Modeling the
problem

‘The Solutions Project Key
Elements

+ Schema-Based Instruction

— Explicitly teaches students to sort problems into
categories based on mathematical structures

— Students are taught rules for solving each problem type
. E\éi[d)ence-based Practices for Teaching Math to

— Task analytic instruction
— Least intrusive prompting
« Contextual Math
— Math is made meaningful to students

— Math is anchored through multi-media or shared stories
to provide context and engagement
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Schema-based Instruction (SBI)

» Conceptual teaching approach which
combines mathematical problem solving
AND reading comprehension strategies
(Jitendra, 2008)
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SBI vs. Modified SBI

More detailed graphic organizers
with visual supports

quantities in problem

Replace heuristic with step-by-
step task analysis for problem
solving

(mnemonic) to teach
problem solving process

to teach heuristic and
problem solving process

Use explicit instruction +
systematic instruction

Rules taught with hand motions,

instruction self-monitoring checklist
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* Build on research 2. Map the + Adapt research on
in early literacy for 1. Begin with Story schema-based
text Interactive Grammar instruction for
comprehension of Rfe’\aﬂd /I:Igud with Objects solving word

he word problem of Math Story

the word proble! s problems
4. Generalize
the Problem 3. Calculate
Solving to i

* Use res.ear_ch on Real L?fe g;eAsp%IIl;tiﬁg ’ Applt): researﬁh N
generalization and Activities & Steps of Task te[ag 'r:g m_e:[t] tod/
on peer tutors Gen Ed Analysis IsDu lenks . I o sdev

Setting : task analysis an:
prompting
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3 Problem Types for Addition and Subtraction

— Group problems combine two distinct things
(parts) into one large group (whole)

— Change problems involve one thing which either
increases (change-add) or decreases(change-
subtract) in value

— Compare problems involve two people/objects
comparing amounts of one thing or one
person/object comparing amounts of two things
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Contextual Math

* Math is useful to students when they see it
as a tool to accomplish everyday tasks

» Context makes math motivating and
meaningful

» Multi-media or shared story anchors at the
beginning of the lesson give context and
themes will be carried on throughout the
word problems for that lesson
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How to give math context

» Choose a theme for word problems that is
high interest and relevant

— Scenarios student would encounter in future
or current environments

— Incorporate preferences
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How to give math context

* Anchor the lesson for comprehension and

engagement
— Pictures
— Videos
— Objects
— Movement Don’ tlose
focus of
instruction!
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Guidelines for Writing Word Problems

Follow the formula for each problem
type

— Group problems combine two distinct things
(parts) into one large group (whole)

— Change problems involve one thing which either
increases (change-add) or decreases(change-
subtract) in value

— Compare problems involve two people/objects
comparing amounts of one thing or one
person/object comparing amounts of two things
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Guidelines for Writing Word Problems

Avoid reliance on key words

* In SBI students learn to focus on
underlying schema relation or problem
structure before solving the problem

» Focus should be on teaching students to
differentiate between problem types

» Keywords can be a part of SBI but do not
always reflect problem types
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Guidelines for Writing Word Problems
Avoid reliance on key words

Keywords can be a part of SBI but do not
always reflect problem types

John has 5 math work folders to do. He 3 reading

C
work folders. How many more math folders does UL
he have?
John has 2 work folders. His teacher gave him 2 Change
more. How many does he have now?
John has 3 work folders. Mary has 1 more than Group

John. How many do they have altogether?
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Guidelines for Writing Word Problems
Word Choice

*Keep sentences the same length and use
words which are easy to decode
*Use a variety of nouns (“things”) which are
— Familiar
— Concrete
— Relate to the theme
— Make sense
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Guidelines for Writing Word Problems
Names

» Choose names that will increase
engagement
— Students within classroom
— Familiar people (family, people around
school)
— Reflection of interest (celebrities, athletes,
ete)
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Guidelines for Writing Word Problems
Verbs

» Use verbs that clearly indicate action

Addition Verbs Subtraction Verbs General Verbs

make take away give
combine lose eat
put together/more pop share
pick break plant
find smash count
pick up spill grow
add crack

collect pay

gather

buy
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Guidelines for Writing Word Problems
Numbers

eIntentionally choose numbers based on
student ability

*Easiest to represent as numerals

«Zero or “none” is a difficult concept

*Sums of less than 10 for making sets

«Consider calculator use

Alternate between putting smaller or larger number
first in addition problems
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Guidelines for Writing Word Problems
Check for Bias

— Gender

» Equal use of female and male characters and
themes

* Avoid gender stereotypes
— Culture

« Avoid cultural or racial stereotypes

» Use scenarios that all students including culturally
and linguistically diverse students can relate to or
understand

» Use scenarios that are relevant and meaningful for
students
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Group Problem Examples Theme: School Basketball Game

Aaron and Jose bought There are cheerleaders
snacks at the school at the school basketball
basketball game game.

LALLLEON Aaron bought 2 buckets of There are 2 boys on
popcorn. the cheerleading team.

#thing 2 Jose bought 1 hotdog. There are 4 girls on the
cheerleading team.

Qs How many snacks did they How many
buy in all? cheerleaders are on
the team altogether?

sentence
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Change Problem Examples Theme: School Basketball Game

:;f@;’ce Aaron saved his money to go Jose likes to eat sour
to the school basketball straws at the
game. basketball game.

£ AR & Aaron had $5 to spend at the Jose had 8 sour

beginning state

%) basketball game. straws.

Uhinatdll Aaron’s mom gave him $3  Jose ate 3 sour
decrease verb

TSNS more to spend at the straws.
ClEEeEse basketball game.

amount
‘Qﬁ""" L How much money does How many sour
abel

Aaron have now? straws does Jose
have left?
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Compare Problem Examples Theme: School Basketball Game|

Formula ISETIES

(e Aaron and Jose both  Jose sees many coaches at
like to go to basketball the game.
games.

:9'5 LY Aaron has beento 5 Jose sees 4 female coaches.
games.

4 SCULILEEN Jose has been to 2 Jose sees 2 male coaches.
games.

g:e;“"” LU How many more How many fewer coaches
games has Aaron been are male than female?
to than Jose?

10
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SBI vs. Modified SBI

More detailed graphic organizers
with visual supports

relationships between
quantities in problem

Replace heuristic with step-by-
step task analysis for problem
solving

(mnemonic) to teach
problem solving process

Use explicit instruction +

to teach heuristic and systematic instruction

problem solving process

Metacognitive strategy Rules taught with hand motions,
instruction self-monitoring checklist
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Step 1: Graphic Organizers with
Visual Supports

* Visually represent each problem type and
relationship between quantities

* Purpose is to help students organize
information from the problem

» Need space to use manipulatives (rather
than writing in numbers)

Color-coding and visual supports
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Group, Change, and Compare
Graphic Organizers
[pictures will be inserted for presentation]

12
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Step 3: Systematic Instruction

* Reminders:

— Always secure student’s attention first (e.g., redirect
student’s attention to problem or TA)

— The instructional cue (e.g., “solve the word problem”) is
not a prompt

« Prompt Levels:

— Prompt 1: nonspecific verbal & gesture; read and point
to step on TA

— Prompt 2: specific verbal; read step and provide
additional information for student to perform step

— Prompt 3: model then retest

10/23/2014
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‘Sample Suggested Teaching
Pace

< Day 1: Model each step and have students repeat each
step using their own materials; goal- errorless learning
< Day 2 of instruction:

+ Problems 1 and 2: Model again for review and have students
repeat each step using their own materials

« Problems 3-5*: Lead; Provide wait time for student to respond
first or tell you what to do before providing prompts
« Day 3 & onward until student shows independence:
« Lead: Pause and wait for student to respond first before
providing prompts
< Independence: Probe for mastery using 3-4 problems and
NO PROMPTS
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Step 4: Metacognitive Strategy
Instruction

 Student self-instruction checklist (TA
embedded into a checklist format and
made student friendly)

 Rules for each problem type

e Think alouds

14
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Additional Modifications for

Students with Moderate/Severe ID

1. Use read alouds

2. Use repeated opportunities for
practice

3. Plan for generalization

10/23/2014
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Read Alouds
| 1. ‘ } 1Y }Read the problem |
‘ 3. ‘ ‘ How many_“'? ‘Find label in question ‘

« If students are non-proficient readers, meaning
they cannot read with fluency and
comprehension, use READ ALOUD strategy
— Emerging readers: allow them to read once and then

reread for listening comprehension

— Non-readers: train students to ask/touch picture
icon/use AT device to say “read the problem please”
for step 1 and “read the question” for step 3
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Repeated Opportunities for Practice

» Use “suggested sample teaching pace” slide from
Step 3 in “Part 3: The How”

+ 1 theme per day

» Goal: 3-5 problems per day related to theme

» Change theme and numbers daily to prevent
memorization & promote generalization

» Once students show mastery of problem type
move to next problem type

» Make sure students get ample practice
distinguishing between problem types

17
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Plan for Generalization

1. Across Standards

2. Across People & Settings (e.g., with peers
and/or in gen ed setting)

3. Real-World Problems Presented in Video
Format
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Problem Solving Across Standards-
Compare
Grade 4
cce Performance Example
Vet's Office

Data

4.0PS.1g0:

Collect data,

organize in

graph (e.g.,

e | Putamark in each column for

graph) (3MD.3) gm :!\z}ys d:r’;:: :nd cats are :‘e‘:"; r:;;r;é ;Jogs are at the
How many cats are at the vet's
office?
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Grade 7

cce Performance Exampie
Show the students the following bar graph. Say "The students in Mr. Kinnamore's class
took a poll of their faverite sports. The results are shown this graph. Boys are shown in
blue and girls are shown in red. The sports are printed aeross the bottem and haw many
students liked that sport is shown on the left, For example: 6 girls like soceer and 2 bays

Data: like soccar.” Ask the students the following questions:

7.0PS 1ki 0

Analyze grapha

ta determine of s = Boys

select °

appropriate = Girls

comparative

inferences

about two “De more boys o girls like golf?*

smeeer | A o

ey 8. ails

c. same

Compare the mods for the favarite sporls for boys and for girls. Remember, mode is the
mast commonly voted for sport, What is tha difference number of boys wha voted far tha
made for boys and the number of girls who voled fer the mode for girls?"

18
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Problem Solving Across Stanc
Grade §
— p— s e
o
roniedPURY (N
prsevors ol
Present the note card with the lollowing ward peoblem on il and read aloud o e ducompose () wilh o
student "The bassball lear has decided 10 sal candles 1o rase cancrele ODjects; use 0 wond
-~ e
— mpsee | e | e
Numbers: 5.NO 2ai: Sobe angwars. « Undarstand
thiry had 501 324 candies. How Mary CaNds are I 10 58ll7 Show Mé your work
e vt Pornat s et s, o T ovtscins | omaen
ot i | peon e | | e
rnady wilian vocabulary (i, in bk depending
“.0A3) oqualion: ak; anogather) or the upn the words
450 -324=____ action of in tha problam
“Solva the equation, haw many candes do they have ief & sall?” dacompeing with * Translaie.
vocabuiary fle., have | wording iro
ot take away. rumeric
i |
—
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Problem Solving Across Standards-
Multiple Step: Group then Compare

per

i Pig Pen

Bleet

10ft. How much more fence will ne need?

Q
8to0

New Pig Pen
S

101001

19
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il
The Solutions
Project

Teacher Guidelines for Writing Word Problems
Note to teachers: The following guidelines have been developed by the Solutions Project team at UNC
Charlotte. Recommendations for writing word problems have been synthesized from the problem
solving literature in special education.

1. Choose a theme that is high interest and relevant for 4™ — 8" grade students
2. Follow the formula for each problem type using the problem template page
e Group problems combine two distinct things (parts) into one large group
(whole)

e Change problems involve one thing which either increases (change-add) or
decreases (change-subtract) in value

e Compare problems involve two people/objects comparing amounts of one
thing or one person/object comparing amounts of two things

Avoid reliance on key words (total, altogether, leftover, etc.)
Keep sentences the same length and use words which are easy to decode
Use a variety nouns (“things™) which are familiar, concrete, and relate to the theme

o 0~ W

Choose names that will increase engagement
e Names of students in classroom
e Familiar people (family, people around the school)

o Reflect their interest (celebrities, athletes, etc.)

The research reported here was supported by the Institute of Education Sciences, U.S. Department of
Education, through Grant R324A130001 to the University of North Carolina at Charlotte. The opinions
expressed are those of the authors and do not represent views of the Institute or the U.S. Department of
Education.

gg PUBLIC SCHOOLS OF NORTH CAROLINA State Board of Education | Department of Public Instruction :: Exceptional Children Division



7. Use verbs that are familiar to students

Addition Verbs Subtraction Verbs General Verbs
make take away give
combine lose eat
put together/more pop share
pick break plant
find smash count
pick up spill grow
add crack
collect pay
gather
buy

8. Intentionally choose numbers based on student ability

e Easiest to represent as numerals

e Zero or “none” is a difficult concept
e Sums of less than 10 for making sets
e Consider calculator use

o Alternate between putting smaller or larger number first in addition word

problem

9. Check for bias
e Gender

e Equal use of female and male characters and themes
¢ Avoid gender stereotypes

e Culture

¢ Avoid cultural or racial stereotypes

e Use scenarios that all students including culturally and linguistically
diverse students can relate to or understand

e Use scenarios that are relevant and meaningful for students

The research reported here was supported by the Institute of Education Sciences, U.S. Department of
Education, through Grant R324A130001 to the University of North Carolina at Charlotte. The opinions
expressed are those of the authors and do not represent views of the Institute or the U.S. Department of
Education.
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THEME:

The Solutions
Project
Word Problem Template

Type Formula Example
Group Anchor sentence

# thing 1

# thing 2

Question sentence
-How many (label)

Type Formula Example
Change - | Anchor sentence
add

1 Thing &
beginning state (#)

Increase verb +
increase amount

Question sentence
-How many (label)

The research reported here was supported by the Institute of Education Sciences, U.S. Department of
Education, through Grant R324A130001 to the University of North Carolina at Chatlotte. The opinions
expressed are those of the authors and do not represent views of the Institute or the U.S. Department of
Education.
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Type Formula Example
Change - | Anchor sentence
subtract
1 Thing &
beginning state (#)
Decrease verb +
decrease amount
Question sentence -
How many (label)
Type Formula Example
Compare | Anchor sentence
- more
Person/Thing 1 #
Person/Thing 2#
Question sentence -
How many more
(label)
Type Formula Example
Compare - | Anchor sentence
less
Person/Thing 1 #
Person/Thing 2#
Question sentence
-How many fewer
(1abel)

The research reported here was supported by the Institute of Education Sciences, U.S. Department of
Education, through Grant R324A130001 to the University of North Carolina at Charlotte. The opinions
expressed are those of the authors and do not represent views of the Institute or the U.S. Department of

Education.
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