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Presentation Overview

m [ntroduction

m Hoew!'te use the schema-hased
Epresentational stirategy. o selve

Word proplems?

m EIndings ol designistudiesiusing the
SClEma-hased pronlemiselving
currcuitn iR thira grade: Classreoms

m SUmmeany




Students with Learning Difficulties

m [rue math deficits are specific to
mathematical conceptsianad prehlemn ypes
(Zentallf & Eerkis; 1993),

n earming diffictluies may net be related to
@, moeti/atlen er other facters that
Infltence learming (Geary, 1996),




Students with Learning Difficulties

Difficulties in learning math may: be related to a variety.
ofi learner characteristics. For example, students with
learning diffiiculties

—(Cannoert rememper hasic matn fiacts

—Use immature (@nd time-consuiming) preklem-selving
proceadures terselversimple math prekiems

—Alselave preniems leaming e ieadianciwrite (Geany, 1996)

EVvidence cognitive disadvantage in attention,
erganization skills, and Working memory. (e.g.,
Genzales & Espinel; 1900 Zentall & Eerkis; 1993).
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Assumptions about Learning

L_earning Involves the recognition of patterns,
Which become bits off knewledge that are then
erganized intoerlarger and more meaninaiul units.

[Learning for seme chnldren Is more difficult than
for others because of Visual, atditory, or Molor

deficits that Intertere With the ready/ recegnition
Ol patterns.

Some children have diffiiculty \with the
eliganization eff parts interawihole due to a
develepmenitalilag or a disaniliiy (1.e., With
Integratien, SEqUERCING, MERIOKRY, Or spatial
relationships).




The Patterns 1in Mathematics

Ox9+8=06
OXx9 + 7 =866
98 %9 + 6 =888
987 % 9 + 5 =6,666
9,676 % 9 + 4 = 66,6606
98, 765 % 9+ 3= 888,666
087,654 % 91+ 2'= 8/ 888,888
9,876,543 x 9 + 1 = 88,888,888
98,765,432 % 91+ 0= 8BB/666,888




Assumptions about Teaching

Communication in teaching should
Insure that the learning task is made
clear to the learner and that the
student’s problems in learning are
clear to the teacher.




Assumptions about Teaching

The student must be provided with the sequence and
structure that will enable him/her to recognize the
patterns 1nte WhICKh he/sihe must erganize larger and more
meaningiul units. Theexperiences; that develop the
Sequence and structure must e designed to:

CIrcUMVENT OF OVEKCONIE SENSORY modality
dEeficIts or Weaknesses,

clircumvent the preblems of spatial or
temporal relatienshipes and sequencing,

develop organization and integration; ana

pProvide therassociation thatwillfinsure
MEMOKRY.




Assumptions about Teaching

The learner needs to internalize each
concept learned as the basis for further
learning. Learning should not only take
you somewhere, but should allow you
to move ahead more easily.




Principles for the Successiul T'eaching o
Students at Risk

Have high expectations for all students, letting
them know that yeu believe in them.

Use “instructional scaffielding.”

Make instruction the focus ofi each class. (Aveld
PUSY WorK.)

Extend students: thinking and abilities veyenad
\Wihat they, already/ Knew.

Work at gaining in-deptha knewledge e yeulr
students as well as'knewledge of the sulject
matter.

PROMOTE CONCEPTUAL UNDERSTANDING USING
CAREFULLY. DESIGNED! AND, EXPLICIT INSTRUCTION}!

L adson-Billings (1995) 11




Mathematical Proficiency

— comprehension of
mathematical concepts, operations, and relations
— skill 1n carrying out
procedures flexibly, accurately, efficiently, and
apprepriately
— ability te formulate,

represent, and selve mathematical pronlems

— capacity fer legicalithougt,
reflection), explanation; and justification

— habitual melination to'see
mathematics as sensivle; useiul, and wortimwninle,
couplediwitiara beliefi inailigence and ene's own
efficacy.




Mathematical Problem Solving

Problemselving involves:

s0etecting Steps or Processes “lhetween the
POSING of the task and the answer (Gelain,
1982, 1. 97!

o2 task that: (2) “thelncividial er greup
CONIONUING| It Wanis ol nEeds 1o findia selution';
(19)“tnere s net a readily, accessinle procedure
that-guarantees o1 completely/ aetermmines the
selUben™; and(C) “thelndiviatal er grevprmust
make an atenipt torfind aseliien™ (Charles &
["ester;, Jie, 19655 0. 232).




] Developing Students’
I A Tein Tl Wi\ Mathematical Proficiency

T MATH ExPeRtS LeaveS
SACRAMENte (NG 50 MPW.
47% oN tHE. TRAIN RE(aM-
MEND TRADVHONAL ToRMS
F TALHING M, wHILE

ABL ANeCHE A MEERN
TMTERACTIVE™ APFREACH.
THERE. 15 A 25 MY
HEADWIND % Tve 2 GRaUPS
WRESTLE R (ondRel oF
HE TTHRETTLE. Hew LoNG

TEFRE & STUDENT 41 BinT B
Y 1 PROFICENT IN MATH?




Traditional Models of Problem
Solving

(Pelya, 1957):
Understand the problem,
Develop a plam,
Carry eut the plan,
Lok back to check Ifi the solution makes Sense.

Jillfgave away 6 CeoKIES In the moerning. She gave
aWay/ 2 COGKIES IRl the aiterneon. IHowW: nany/
COOKIES didishe give away. that day 2 (Kelly/ &
Carine, 1996, 19.5)




Alternative to Traditional Instruction

m Make explicit the key aspects of domain
Knowledge.

Demain kKnowledge encempasses notn
conceptal and procedural knewiledge:

Pattermirecognition and knowiedge
erganization are: Key/ aspects of
concepital knewledge:

s Need strategies “in the: middle range™
(Prawealt, 1969, 9. 33) termEet e REEaS Of
students with learming disanilities.




Students with Learning Difficulties
and Problem Selving

m Emerging researchiindicates that
studentsiwithrlearming difficuliies;can: oe
tatight te) e effective proeklemiselvers
(E:gr; Jitendrar & X, L9097 Xin & Jitenadra,

1999).

m [[hese students enefit fromvisual
Eplesentational techniguesianc
MEtacOgnItIVE pPrecedulres.




Mediated Schema Knowledge Instruction
as an Alternative

m Skilled preblem solving Is dependent en
Scliema acquisition (Sweller, Chandler,

Hermey, & Cooper, 1990; Willisi& Euson,
19806))

m A distinctive feature ofi schema knewledge Is
vRat WhER Gne pIEce off Infermation IS
retrieved firem memonRy/ durnge prebiem
SeIVIRG, OLAEK ConnEcted PIECES of
Infiermation Will e activaied,




What Is the Schema-based
Representational Strategy?

m [heschema-hased instructionall appioach
eniphasizes an analysis of the'semantic
StrructUre oif pronlems and USes schemata
@I2Qrams te erganize and represent the
criticall information Gescrikeadiin the text,
thus mediating effective: problemrselution:.




Problem Solving Instruction:
Schema-based Representational Strategy:

Essential elements of the schema-hased Instruction
are:

o (I'e., recognize the
proklem: pattern)

o (Ire., transiate a pronlem
firem Words Inte a meaningiiti representation)

o (re., select appropriate
mathematicalioperatiens)

o (I.e., execute
selected matiaematical eperatiens)

Marshall (1990); Riley, Greeno, & Heller (1983)




Problem Solving Instruction:
Schema-based Representational Strategy.

Adadress the “Big Ideas,” or
“Schemata,” Py focusing on
carefully/chosen preblems (e.af,

Cii2nge; greup) compare, multiplicative
COMPAIFISOR, VAR 0l proportion; Van de
\Walle, 2001).




A Schema-Based
Representational Stratey:
Application terAdaditionrana

Suptraction\Woerd Prehlems




Word Problem Solving Curriculum: A
Schema-Based Representational Strategy.

= \Word Problems selected from commoenly. acopted
US mathematics texinooks and modified te meet the
needs off students wiith diverse experiential
Packgrounads.

n \Werd preblemsiare varied and fiermatied as verhal
text, girapns, takles, and pictegrapnis.

m [[eaches hig Ideas: or salient prehlem schemata
(Change, group, compare; Vary, multiplicative
COMPAKISoN):

m |nstruction fecuSes onl hothiconceptual ana
procedural Uneerstanding.




Word Problem Solving Curriculum: A
Schema-Based Representational Strategy.

m |nstruction uses a model-lead-independent
practice paradigm.

n |ncludes appropriae scalliolding of
Instructien,

[eacher-ledinstruction followed By paired
leaifing and indepencent Iearming actiVities.

lasiks begins With stery situations fellowed
Py Word preblems wWithrtuRknewn inRicrmation.
Visual diagrams and checklists are used until

students learn to apply. the strategy.
Independently:




Word Problem Solving Curriculum: A
Schema-Based Representational Strategy.

m |ncorporates adeguate practice and mixed
FeVIew ofi prrokleni types.

8 |RAstructioniis aligned\wWithlstate assessnient
IR terms e commuRIcating, reasening, and
[Epresenting Word prebliems.

n Employs fireguent measures ofi student
\Word prenlen seivingl pEfermance to
MONItOr stUdent: pregress.




Schemata ldentification and
Representation Instruction

= Provide students with of each
preblem type (e.g., change, group, compare)
gt de net contarany. Unknewn Infeormation.

a |ntreduce (e,
diScCerning the' key feattres of the pronlem)
With several exampples off story,
Siitbations.

i DURRGIguIded practice; Use
10 facilitate the identification of
chitical elements el the stor.




Problem Schemata ldentification and
Representation Instruction

m Use a 10 help students Identimy
andimap key informanen onte the
diagram,

m Have students (E.g}, Words,
SENUENCES) (e.g., AUMmMIeEers)
PEfore mappIing the
INferMANeR GRLe tHE SchEma diagiam.:




CHANGE STORY CHECKLIST

Step 1. Find the problem type.

Did | read and retell the story?

Did | ask if it is a change problem? (Did | look for

the beginning, change, and ending? Do they all

describe the same thing?)

Step 2. Organize the information using the change diagram.

Did | underline the label that describes the

beginning, change, and ending and write in label In

the diagram?

Did | underline important information, circle

numbers, and write iIn numbers in the diagram?




Example: Change Story Situation

Jane had 4 video

games. Then her vide:g:;m%
mother gave her

3 more video

games for her 4
birthday. Jane Video games video games
now has 7 video

games‘ Beginning Ending

Change




Example: Change Story Situation

Before he gave

away 14 merbles
mar bles, James
had 36 marbles.
Now he has 22 . 2
mar bles. T

Change

Beginning Ending




Example: Change Story Situation

Tom had 42 13
baseball cards. Baseball cards
He now has 55
baseball cards Change
after he bought o

13 more cards. Basehall cards 55
Basebdl cards

Beginning Ending




ADDITION AND SUBTRACTION ONE-STEP
PROBLEMS: CHANGE

Problem Type Example
Change
Unknown ending Gail had 43 music albums in her collection.
amount Then, she bought 11 albums at a garage
(Addition) sale. How many albums does Gail have
now?

Unknown change Roger had 36 comic books. Then his father
amount bought him some more for his birthday.
(Subtraction) Roger now has 52 comic books. How many

comic books did he receive from his father?

Unknown There were some Halloween masks in the
beginning fifth grade classroom. Then the class made
amount 15 more masks. Now they have 42 masks.

(Subtraction) How many masks were in the classroom?




Planning and Solution Instruction

m Solve allfaddition andisubtraction
preblems using the 4-step (FOPS)
Procedure,

n Encolirage metacognitienr oy aving
stuidents use the preblem checklist as they.
SEIVE CHanoe; greup; and compare preplems.

n Fade the diagrams 6nee students REcCome
INdEpPERdentInicorecly mapping and
SeIVIRG the proklenmiusing the schematic
diagrams.
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WORD PROBLEM SOLVING STEPS
(FOPS)

Step 1. Find the problem type.

Step 2. Organize the information In the problem using the
diagram (change, group, or compare).

Step 3. Plan to solve the problem.

Step 4. Solve the problem.




CHANGE PROBLEM CHECKLIST
Step 1. Find the problem type.

[ ]
[ ]

Did I read and retell the problem?™?
Did 1l ask iT it is a change problem? (Did 1 look for
the beginning, change, and ending? Do they all

describe the same thing?)

Step 2. O rganize the information using the change diagram.

[ ]

Did I underline the label that describes the
beginning, change, and ending and wvvrite in label in
the diagram?

Did I underline important information, circle
Nnumbers, and write iNn Nnumbers in the diagram?

Did I write a ““?”” for what must be solved? (Did I find

the question sentence?)

Step 3. Plan to solve the problem.

[ ]
[ ]

Do I add or subtract? (If the ““B1G” number is given,
subtract. If the ““Bl1G” number is not given, add)
Did 1 write the math sentence?

Step 4. Solve the problem.

|:| Did I solve the math sentence?
I:I Did I write the complete answvver?

|:| Did | check Iif the ansvwer makes sense?



Change Problem:Tammy likes to paint pictures. She
has painted 8 pictures so far. If she paints 3 more
pictures, how many will she have?

+ 3
pictures
Change
8
pictures G
pictures
Beginning Ending

Math Sentence: 8




Change Answer Sheet: Paired L

(D

arning

The gray squirrel made apile of nuts. It carried away 55 nuts up to its nest. Now there are
38 nuts |eft in the pile. How many nuts were in the pile at the beginning?

- 55
nuts
Change
?
nuts 38

NUts

Beginning Ending



>

Change Answer

Sheet (continued)

Work

25
+38

O3 nuts

Explanation

First, | figured out that thisisa
change problem, because it has a
beginning, a change, and an
ending.

Next, | organized the information
on the change diagram.

Then, | decided to add 55 and 38
to figure out the number of nuts
In the pile at the beginning,
because there were more nuts in
the pile at the beginning than at
the end.

Finally, | wrote my math
sentence and solved it. | also
wrote the complete answer with
the number and label.

Answer: 93 nuts



GROUP STORY CHECKLIST

Step 1. Find the problem type.

Did | read and retell the story?

Did | ask if it is a group problem? (Did I look to see

If two or more small groups combine to make up a
large group?)

Step 2. Organize the information using the group diagram.

Did | underline the large group and small groups

and write In group names in the diagram?

Did I circle numbers for the groups and write In

numbers for groups in the diagram?




Example: Group Story Situation

68 students at
Hillcrest
Elementary
took part in the
school play.
There were 22
third graders, 19
fourth graders,
and 27 fifth
graders in the
school play.

3rd
graders

22

4th
graders
19 |4
Small Groups

or Parts

5th
graders

27

All students (3rd, 4th,
& 5th graders)

68

Large Group
or Whole (Sum)




ADDITION AND SUBTRACTION ONE-STEP
PROBLEMS: GROUP

Problem Type Example

Group
Unknown larger  Meg saw 13 bear cubs running and 16 bear

group amount  cubs walking at the zoo. How many bear
(Addition) cubs did Meg see at the zoo?

Unknown smaller In an apple picking contest, the third and
group amount  fourth graders picked 84 apples. If the third
(Subtraction) graders picked 41 apples, how many apples

did the fourth graders pick?




GROUP PROBLENM CHECKLIST

Step 1. Find the problem type.

|:| Did | read and retell the problem?™?

|:| Did 1 ask if it is a group problem? (Did I look to see
if two or more small groups combine to make up a
large group?)

Step 2. O rganize the information using the group diagram.

Did I underline the large group and small groups

and wvvrite iNn group names in the diagram?

Did I circle numbers for the groups and wvvrite In

Nnumbers for groups in the diagram?

|:| Did I write a ““?”” for what must be solved? (Did I
find the question sentence?)

Step 3. Plan to solve the problem.

|:| Do | add or subtract? (If the “B1G” number is given,
subtract. If the ““BI1G” number is not given, add)
|:| Did I write the math sentence?

Step 4. Solve the problem.

|:| Did I solve the math sentence?
I:I Did | write the complete answvver?
I:I Did | check if the ansvwer makes sense?



Group Pronlem

In a survey, 98 people were asked what their favorite flower is and
45 named tulips. How many named another kind of flower?

Narr_led Named Named tulip and
tulip another another kind of flower
kind of
flower
45 ? — 98
people + people |~ people
Small Groups Large Group
or Parts or Whole (Sum)
Math Sentence: 98
-45
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| Group Answer Sheet: Paired Learning |

Three buses took students on afield trip. One bus carried 35 students, another bus carried

28 students, and the third bus carried 27 students. How many students went on the trip?

First bus Second bus Third bus All three buses
35 28 27 . ?
students + students + students | — students
Small Groups Large Group

or Parts or Wh0|e (Sum)



— )

Group Answer Sneet (continued)

Work
35
28
+27
90 students

Explanation

First, | figured out that thisisa
group problem, because it has three
small groups that combine to make a
large group (all students).

Next, | organized the information on
the group diagram.

Then, | decided to add 35, 28, and
27 to figure out all the students who
went on the field trip on the three
buses, because the large group is the
sum of the small groups.

Finally, | wrote my math sentence
and solved it. | also wrote the

compl ete answer with the number
and label.

Answer: 90 students went on the trip




COMPARE STORY CHECKLIST

Step 1. Find the problem type.

Did | read and retell the story?

Did | ask if it is a compare problem? (Did | look for
compare words — taller than, shorter than, more
than, less than?)

Step 2. Organize the information using the compare diagram.

Did | underline the comparison sentence and circle
the two things compared?

Did | reread the comparison sentence to ask, “Which
Is the “BIG” amount and the “SMALL” amount?”

and write In names of things compared in the

diagram?

Did I underline important information, circle

Nnumbers and labels and write in numbers and

labels in the diagram?



Example: Compare Story Situation

Joe is 15

years old. o

Heis 8

years older A = | e
than Jill.

Jillis 7 Big Small Difference

years old.



ADDITION AND SUBTRACTION ONE-STEP

PROBLEMS: COVIPARE

Problem Type Example
Compare
Unknown The pet store Is having a sale of 21 hamsters
difference and 32 kittens. How many more Kittens are
amount on sale than hamsters?

(Subtraction)

Unknown 72 people came to the school play on
compared Monday. 26 more people attended it on
amount Tuesday than Monday. How many people
(Addition) went to the school play on Tuesday?

Unknown referent Janice is 85 centimeters tall. She i1s 16
amount centimeters taller than Melinda. How tall is
(Subtraction) Melinda?



COMPARE PROBLEM CHECKLIST

Step 1. Find the problem type.

[ ]
[ ]

Did | read and retell the problem?

Did I ask if it is a compare problem? (Did I look for
compare words — taller than, shorter than, more than, less
than?)

Step 2. Organize the information using the compare diagram.

[ ]

Did I underline the comparison sentence or question and
circle the two things compared?

Did | reread the comparison sentence or question to ask,
“Which is the ““BI1G” amount and the “SMALL” amount?”
and wvrite 1N names of things compared in the diagram?
Did | underline important information, circle numbers
and labels and wvrite iNn numbers and labels in the
diagram?

Did I write a ““?”” for what must be solved? (Did | find the

question sentence?)

Step 3. Plan to solve the problem.

[ ]
[ ]

Do | add or subtract? (If the “B1G” number is given,
subtract. If the “B1G” number is not given, add)
Did I write the math sentence?

Step 4. Solve the problem.

[ ]
[ ]

Did | solve the math sentence?
Did | write the complete answer?

I:I Did I check if the ansvwer makes sense?



Compare Proo Je
picked 7 Tewer er
green peppers did

Big

Green peppers
2 — 7
Equal
Small Difference

Math Sentence: 11
-7
4




Mixed Review:One-Step Problems

Inione week Samuel read 35 pages. He read 16 fewer pages than
Wes. How many pages did \Wes read?

Ted collected some pictures of butterflies in his scrapbooek. This
week, he added 25 more pictiures. Now he has 90 pictures of
putterflies in his scrapheok. How: many: pictures did he have in the
BeginnIng?

At top speed, a giraife can run 32 miles, an hour. This speed Is 3

milesian heurr faster than that of an anielope. IHow many mies an
oUIr dees the antelope run?

Your teacher made some snacks fior the class. There were 8 left
after the studentsyate 14' spacks, IHow: many. snacks did the teacher
make fox the class?

You have a collection off 12 mansles. i 5 oi the marles in yeur
collectionrareriarge; how many mamles are small?

Karen had 1656l her friends come e her birthday party. 6 of her
finenads;leii the party. eany. Hew many. are stillfat Karen/s birtaday.
PELY?

Olivia ias twe puzzles. A balloen picture puzzle has 25 pIeces. A
PEAL pICiUre puzzle has 5 fewer pIeces; tiian the balloen picitre
puzzIe. IHew many PIECES dOEes e hoat picture puzze have?




Design Studies

PUFPOSES

m [0 provide third grade students (Including
studenis with learning difficulties) with
math previemr selving Instruction that
InclUGES the: use off schematic diagrams to

fEpresent thelpiermatien i addien anad
SURtIFaCtIoN Preklems

ljoconduct anlin-ceptiha tnderstanding of
ieaching and learming Using the Revw \Word
prepiem selvinel currcUltinm Prior e
conducting the fermal experimental stuay/
IR Year s ol the project
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Student Participants

In Pennsylvania

38 third graders from two general education
classreons and a learmniing support classreom;in a
suburiban schooll district.

Olwere students with learning disapilities

9wWere classiifiied as o achlevers hased on thelr:
PEfeIMmance enithelierra NeVvea Viathematics Subtests

(cutoefif'score was the 33 percentile)
20/\Were 1veys andl Lehwere girls.

The average age of the students Wwas 10260/ moenths
(range = 91 te 119 months; SID = 5.54).

26 (14%)were Caucasian, 3i(6%) wWere African
American, 6 (16%) were IHispanic, and one student
Was a middle easterner (3%)

53




Teacher Participants

In Pennsylvania

Two generall education classreom teachers and one
special education teacher participated in the study.

a All teachers were female and held a master’s
degree In education.

Fhetwergeneral education teachers had maere than
25 Y/ears ofi teachlng experience, Whereas the
Special education teacher had 19/ears ol teaching
EX|9Erience.

e three teachers Were exposed toran hoeur of
INService tralniing eninplementing the
Intervention and were providedwith on-going
sUpport threughoeut the study.




School Demographics

In Pennsylvania

m [[he school served 472 students In
grades K-5.

n Approximately: 15% off the student

pPepUIatIeoR Was (e,
AlrcanRtAmEercan, Hispanic; Asian).

n AbeUul 1% el the sttident population
Wels

n 5, 36Y0 \WEKE StUudents,




Classroom Description

In Pennsylvania

= Students I this scheol were grouped according toe
anpility levels

Teachers In two of the low: aniliity third grade
classreoms asiwell asithe learning suePort teacher
at this schooll participated IR the study/ In eraer to
learrn more abeuit InneVative approaches that
wouldlhelp thelr students Improve their
mathematicalli proklenseiviing Penavioer:

Al the tiime of the study, beth classreoms Were
Using the “Heauh Viathematics Conneciions:
iextnoeek (IVianire, Moser, lLehato) & Merrew,
1992);




Student Participants

INn Florida

56 third graders; firom two general education classroems In a
parechial schoolin a small southeastern town.

Oistudents werelndentifiedas having| ervher a learming| disanility;
attenien deficit diSerder, or Were classified as AChIEVErs
DASEAI ON tHEIR PErGrMAaRce 0Rl thelewa liest off Basic Skills

(CuteliFscere Was thers4th percentile); dCIEVers had
I IB'S|Seores between the s5th and 66t percentiles; and
dCIEVErs hetween 67 thrandiooun percentiles:

fhetetal’ sample mnclbided 29 heys anad 27 gikls.

IIeraverage age oii the sttidentswasi 108 moentas, 6179 years old
(range = 96/ 1o 113 mentas);

A4 6%) Were Caucasian, o (6% Were Afrcan American;, 6
(10%)were HISpanic, and ene studentwas Asian /Amercan
2%); 57




Treacher Participants

INn Florida

Two generall education classreom, teachers
participated n the study.

Both teachers were female, one held a master’s
degiee anaitihe etiher a bachelerr's degreein
education.

The teacher Withr a master s degree had Peen
teaching 10lyears; the teacher holding a
Pacheler's degree hadl 30 years oif teaching
EX|PErience.

e teachers Were exposed te an heur of
INSERVICE tralning onl Implementing the
Intervenion and Were providedwitha seme
sUpport threugheut the study.




School Demographnics

INn Florida

n [Ihe schoeol served 570 students In
grades Prek-6.

n Approximately: 20% oif thesttdent

pPepuilatieR\Was racially/Zethnically,
diverse (1.e., Afrcan AmeErcan,
IHISpanic; Asian))




Classroom Description

INn Florida

= Students were heteregeneously grouped in the
e classreons with matirsceres on the I'TBS
ranging firemithe 4th percentile n prokiem
SeIVInG and data interpretation and 10th
percentile Incomputation terthe 99t percentile

In proplen selving and data interpretation and
e 99th percentile 1 computation.

= Al thetime of the study, beth classreoms Were
USIing thetextihook, “IMathematics - FhePath te
MathiSuceess: Silver Burdett and Ginn (Altierr,
Krulik; et all, 1999).




Measures

= \Word Problem Solving Criterion Referenced Tests
(CRT).
Word Problem Solving Probes.

Basic Viathr Computation; Prokes; (Fuchs, Hamiett,
& Euchs, 1998).

Terra Nieva IViathematics Subtests (CTB/McecGraw-
Hll5 1907

lowa Trest off Basie Skills (INBS) (Houghten: M,
1999)

B.OLSIS: (Shapire; 1996)
Satisfaction Questionnaires




Data Analysis

m Scoles firemithe CRT, wWoerd prehlem
SEIVING Prekes; and computation
Measures Wereranaly/zed using repeated
measures; ANONA wWithi time as the
[Epeated measure and teacher er greu
asithelndependent varianle:

§ EorR the wela pronlem selVving Prokes;
e average el the first iWe) prokes and
theaverage: ofi the Iast iwe preheswere
the depERdent measures.
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Results

a No significant differences between on
CRI-tetal, CRI-TOMA, CRIT-WPS' pretest
scores as wellfas enword preklien selving
Prehes-tetal, GRe-siep; and WWo-Step: pretest

Scokes andl the pretest computatien; SCores.




Results

= No significant differences between teachers on CRT-
total and CRT-TOMA pretest scores as wellias on
Word proplem selving prokes-tetall, one-step, tWe-step
pretest sceres, and the pretest compuitation SCores.

5 SigRIficanit cifferences EtWEER tEACNERS GRNE FI A/ =4S
pretest sceres, E (1, 54) =5.75, p = .02.

e mean scores fior students In Feacher 4°s, (IVI =
21.55; SIDI = 8.44) classreom than that of
Teacher 5's (M = 17.00; SO = 5.28").




Pretests

CRT-Total (25/50)

CRT-TOMA (9/18)

CRT-WPS (16/32)

WPS Probes (8/16)

One-step (6/12)

Two-step (2/4)

Computation (25/25)

M
SD

SD

SD

SD

SD

SD

SD

Teacher 1
(n=16)

21.38
1.62

9.06
3.02

12.31
5.26

7.09
3.11

6.58
2.73

0.52
0.63

2.00
1.67

Teacher 2
(n=16)

16.69
1.17

7.34
2.29

9.38
5.73

7.55
2.18

6.99
1.64

0.95
0.85

1.44
1.32

Teacher 3
(n=6)

16.92
5.18

6.08
3.02

10.83
3.01

1.25
2.95

6.58
1.99

0.67
1.03

1.83
1.33

Teacher 4
(n=29)

31.16
11.25

9.60
3.74

21.55*
8.44

9.90
4.24

8.07
3.04

1.88
1.46

17.35
3.68

Teacher 5
(n=27)

21.07
1.24

10.07
2.94

17.00*
5.28

9.90
3.2

8.04
2.07

1.84
1.29

19.00
4.75



Results

= No significant differences between groups on CRT-
total, and CRT-WPS pretest scores as well as on
Word problemisolving prebes-total, ene-step, and
\WWo-Step prietest scores.

u Significant differences hetWween greups on @8-
O\ ACE(L, 16) =6.11, 9= 025 and compuiation
Probe: pretest scores, E (1, 16) = 15.09; p = .001.

e mean CRI-TOIMA SCOores for students With
LD (M = 6.11; SD =12.42) uhan that fiexr
LA students (M = 9.06; SID. =1 2.63).

TThe mean compuitation SCores; fier students wWith
LD (IMI= 10.44; SIDI=14.67) hap ihat
for LA students (M = 4.00; SD'= 1.73).
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Results

m Significant differences between on all
pretests (1.e., CRi-tetal, CRI-TOMA, CRIFWEPES;,

Word proplemselving prekes-total;, one-step; anad
WWO-Step, and the compuitatien! PreE).

m EOreveny pretest, mean scores, fior students; in the
RIghrachieving grote Were nIgher thanistldents 1n
Rermiddierandiovw achieving groues. SCoKres fior
students 1 the middie greup\were Righerthan
uRESE forF Studentsin the lev achleving group.
[SevV achlevers nad therlevwest scores on all
Pretests.




Pretests

CRT-Total (25/50)

CRT-TOMA (9/18)

CRT-WPS (16/32)

WPS Probes (8/16)

One-step (6/12)

Two-step (2/4)

Computation (25/25)

M
SD

SD

SD

SD

SD

SD

SD

LD
(n=9)

14.83
5.40

6.11*
2.42

8.78
4.18

6.64
2.67

6.13
1.88

0.50
0.87

1.56
1.24

LA
(n=9)

18.22
8.34

9.06*
2.63

9.17
6.25

6.97
2.6

6.25
2.17

0.72
0.68

0.78
0.83

Low*

21.28

12.28

7.00
5.07

14.28
8.07

6.04
2.33

5.49
1.89

0.57
0.83

14.78
3.03

Middle*
(n=23)

26.91
8.13

9.33
2.79

17.39
6.69

8.70
3.21

1.25
2.38

1.47
1.14

18.04
4.57

High*
(n=24)

34.33
7.10

11.38
2.15

22.96
6.21

12.45
2.75

9.79
1.76

2.12
1.19

19.50
3.75



Results

m Results indicated a main efifiect for for CRT-Total, F (1, 35)
=140.90, p < .000; CRT-TOMA, E (1, 35) = 7.39, p < .010; CRT-
WEPS, E (1, 85) = 208.44, p < .000; computation proke; E (1, 35)=
244107, 9 < .000; word preblemiselving prehes -letall, E (1, 35) =
13.18}, < .001; andword preblemiselving prekes-one-step; E(L,
35) = 19.27, p < .000:

Inraddition; resultsirevealedia mainieffect ior teacher, F (2, 55) =
12,92} pr=".000 and aninteractien effect for tiimae by teacher 6n

e scores only, E (2, 35) = 13:19; pi<.000:

e mean scores for stuidents inlieacher 175 (IVIF=10.37)
classreom uhan that eif feacher 2:s (IVl = 6.63)
and eacher 3Esi(IVIF=16.6617).

e mean gain score: firem pretest to) postiest fior students in
lleacher 1°siclassroem (IM'=16:75) Was gliieaterr than that 1R
lleacher 2°s (IViFr= 10.87) and Tieacherss (M = 9.67)
C12SSIreems. 69




Results

s Results indicatedia main effiect for time for CRT-Total,
E(1, 54) = 10.82, pi=.002; CRT-WPS; E (1, 54) = 12.99,
=.001; computation prebe, E (1, 54) = 23.47, p = .000;
Word problem solving prebes -lotal, E (1, 54) = 11.03;
P = .002; werd preblem solving prokes-ene-step, £ (14,
54) = 3.93) pI=.052; Word proklem selving prokes-two-
step, E(1,54) =119.33, p < .000

NG significant main effect for time on the CRIT-TOMA,
E (1, 54) = 3.35, p = .073

NG significant Interaction effects for tine by, teacher
@RI any. ofi the pPostiests.




Posttests

CRT-Total (25/50)

CRT-TOMA (9/18)

CRT-WPS (16/32)

WPS Probes (8/16)

One-step (6/12)

Two-step (2/4)

Computation (25/25)

SD

SD

SD

SD

SD

SD

SD

Teacher 1

(n=16)

29.03
7.02

9.13
2.43

19.91
5.47

9.45
2.5

8.38
1.76

1.08
0.94

18.75*
2.82

Teacher 2

(n=16)

25.47
1.66

9.47
1.98

16.34
6

9.08
3.01

7.89
2.29

1.19
1.06

11.81*
3.87

Teacher 3

(n=6)

24.83
5.03

8.5
2.07
16.33
4.64

8.63
2.1

1.5
1.72
1.13
0.89

11.50*
5.68

Teacher 4

(n=29)

217.33
12.17

8.98
4.72

18.34
7.96

11.32
4.25

8.86
3.08

2.47
1.35

18.03
3.82

Teacher 5
(n=27)

23.85
8.87

8.93
3.83

14.93
6.06

10.61
1.99

8.18
1.49

2.46
0.75

20.37
4.46



Results

m Results indicated a main efifiect for time for CRI-Total, E
(1,16)1= 26,94, p =.000; CRI-WPS, E(1,16) = 28/17, p = .000;
computatien preke, E (1,16) = 64.64, p/=".000; Weld prekiem
selving prebes -letal; E(1,16) = 8.56; p = .010; wWord
propleniselving prenes-one-step, £ (1,16)1= 8652, p/=".010;
and wWoera proklen selving prokes-iwe-step, £ (1,16)1=4.55;
9/ =040
A time by group interacuion wWas feunad enly enithe CRI-
NTOMA; E(1,16)'= 465, [p1= 0,047

IIe mean difiference SCores; firom pPretest to PestiestWas
MIghErTor stueentswith EDN(IVIF=2.67) than that fier LA
students (IVIF= 0:06).




Results

m Resulits indicated a main effect for time: fior CRI-Total, E (1,53) =
26,94, 9 =.000; CRT-WPS, E(1,53) = 12.27, p = .001; computation
proke; E(1,58) = 16.08f pi=.000; Word proklem selviing Prones -
ljetal; E(1,16) = 8.56;, p = .010; Word prenlen selving prehes-
ene=step, E (1,53) = 6154, pi=".005; and werd prekiem selving
Propes-tWe-step, E (1,53)= 22.86; p1=.000.

NG significant main effiect el time: for the CRIA-FTOMA, E(1,58)
=13.04, pI=.087

u A time by grouprinteractien Was found eniy enrthe YWES
pPrepes-lietal scores, E(2,53) = 17.49; 9 = .049.

Iie mean difiference Scores; firom! pretest: to Pesttest Were
for low achievinglstudents (IVIF= 2.62) than for micddle
achievers (M '=1.078) or for Righ achievers (M= 479).




Posttests

CRT-Total (25/50)

CRT-TOMA (9/18)

CRT-WPS (16/32)

WPS Probes (8/16)

One-step (6/12)

Two-step (2/4)

Computation (25/25)

SD

SD

SD

SD

SD

SD

SD

LD

(n=9)

22.61

5.61

8.78
1.77

13.83

5.44

8.31
1.86

1.22
1.51

1.08
0.78

11.22

4.97

LA

(n=9)

25.83

.64

9.00
2.14

16.83

6.96

8.94
3.21

7.86
2.68

1.08
0.86

13.44

5.94

Low
(n=9)

16.44

12.5

5.83
5.20

10.61

71.86

8.86
4.45

1.22
3.07

1.64
1.53

15.78

3.46

Middle
(n=23)

23.99

9.40

8.20
3.40

15.39

6.55

9.78
3.05

7.60
2.36

2.19
0.95

19.35

4.37

High
(n=24)

31.08
8.34

10.85
3.92

20.23
5.84

12.93
1.95

9.91
1.49

3.04
0.69

20.25
3.92



Results

n Results el aMANGVA Indicaied ne significant
difiierences lvetiween teachers (Wilkss lambhda =
69, appreximate E(2, 35) ='1.29; 9 = 0.25).




Strategy Teacherl Teacher 2 Teacher 3 Total ES
Questionnaire (n=16) (n=16) (n=6)
Enjoyed (5/5) M 3.94 3.31 4.67 379  T1vs T2:+0.62
SD 0.68 1.35 0.52 109 TivsT3:-1.22
T2vs. T3:-1.45
Diagram (5/5) M 3.81 3.87 4.67 397  T1lvs T2:-0.06
D 0.83 12 0.82 103 Tlvs T3:-1.04
T2vs. T3:-0.79
Help solve (5/5) M 4.2 3.67 5 416 T1vs. T2:+051
SD 1.03 1.03 0 103 T1vs T3:-155
T2vs. T3:-2.58
Recommend (55) M 3.56 3.88 4.83 389 Tlvs T2 -0.24
sD 1.32 131 041 127  T1vs. T3:-147
T2vs. T3:-1.10
Continue (5/5) M 3.81 3.69 4.33 384 T1lvs T2 +0.10
sD 1.47 0.95 0.82 117 T1lvs T3:-045
T2vs. T3:-0.72
Total (5/5) M 19.13 18.75 235 1966 T1vs T2 +0.44
D 0.87 0.87 141 377 T1lvs T3:-383

T2vs. T3:-4.17




a Resultsief aMANGVA Indicated amain effect for
greup (Wilk’s/lambda ='.43; approximate (1, 16) = 3.16,
pI= 0.047).

REsUI1S 0fF separaie Univaraie ANGVAUS Indicaied Ssigniiicant
difiierencesieiwesn groupsiwitniregard 1o;

m fjotall satisfiaction seores, E (1, 16) = 13:02; pi= .002,

m Enjoyed the strategy, E (1, 16) = 6.15, p = .025,

m Usefulnessiof the sirategy In selvingword preblems, E (1, 16) = 16,49,
pI=.001, 2and

m Continueite use the sirategy. 1in selving woradiprenliems, E (1, 16) = 8.24,
p=.011

Speciiilcally; - DI students raied theliems highesthan LA
stilieents.




Strategy LD LA Total ES

Questionnaire (h=9) (n=9

Enjoyed (5/5) M 45 344  4.00* +1.20
SO 073 1.13 1.08

Diagram (5/5) M 444 4 4.22 +0.44
SD 113 087 1

Help solve (5/5) M 489 344 AL 4216
SO 033 1.01 1.04

Recommend (5/5) M 456  3.89 4.22 +0.65
SO 101 1.05 1.06

Continue (5/5) M 444 3 312 4140
SO 073 1.32 1.27

Total (5/5) M 2280 1778 2033*  +171
SD 32 273 3.93




B.0O.S.S. Reaults: Means (%) and Standard deviations for Classroom
Observations of Target Students vs. Peer Comparisons (Pennsylvania Ste)

Measure Target Students  Comparison Peer ES
(n=4) (n=4)
AET
Pre 48.81 (15.27) 64.56 (11.27) -1.19
Post 43.35 (23.47) 46.27 (18.68) -0.14
PET
Pre 36.13 (11.02) 25.61 (7.47) +1.14
Post 24.81 (17.45) 21.36 (16.47) +0.20
OFT-M
Pre 30.11 (8.68) 7.35 (9.88) +2.45
Post 21.31 (30.21) 5.78 (7.12) +0.83
OFT-V
Pre 12.81 (5.96) 0.53 (1.05) +3.50
Post 2.71 (2.37) 3.10 (3.54) -0.13
OFT-P
Pre 11.66 (4.67) 5.71 (6.41) +1.07
Post 9.93 (6.17) 12.66 (9.83) -0.34




Lessons Learned from Design Studies

s [EACHERS

Teachers need ongoing support during the mnitial
Implementation of a newly develeped intervention

Teacher input helped us te:

n ViediiRy/ the currcultm: (Proklem schema Instructien,
checklists)

m Reevalluaterand designithe  compare pronlem
Instruction

n Viediiiy the Word pronlems to' meet diverse student needs

n AlignRiinstructionwithrstatewide testing (€.9., preblem
1y/9es, USe: ol explanation fiermat)




Lessons Learned from Design Studies

n STUDENTS

Strategy, Instruction that Incorporates explicit
modeling and explanations Using several examples
enlnances some students” preblem selving skills;
particulary/ IowWer: PEFGFIIENS

Student Use off the strategy steps during paired or
Independent learning activities requires direct
MONIterinG| by, the teacher

Scalfeldeaiinstruction (medeling, guiding,
Presenting schemata diagrams and checklists)is
Important as students learm e apply, the strategy
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Lessons Learned from Design Studies

m STUDENTS

Students may have been tired ofi the testing| by
the end of the schoeol year; CRIFIS a long test - 25
[tems.

Considerthe type of stlident groupings that
Mgt BEREfEMESE firem the schema-hased
Instruction designedifor this study/ (ILe:,
NGMGYENEBLIS VS, NEIErOEENEOUS),

Use el strategy/ fading), CAan@ges In the =compare:
pPrepliem IRsStrUcHon, anad extensive suppelil e
ieachersiimay/ nave helped students perferm
PEtter 1N the Pennsylvania site.




Fading Change Diagrams: You had 32 French fries. You
got 15 more French fries from your 545£er. —low many
French fries do you have now?
+15
French fries
C
32 ?
French fries French fries
., |
B E
Math Sentence: 32
+15

Aar



Fading Group Diagrams: A new bike costs $80. A new
Imet C@S‘Lr,s $20. How much would it cost to buy the

bike and the helmet?
New bike New helmet New bike and
helmet
$80 $20 7
+ I — I
SG SG LG

Math Sentence: $80

+$20
$100




Lin's cousin
?years

Math Sentence: 11
-5
6




Compare Story Situation

Miiteh has 43 music CD’s and Anne has 70 music
CDrs, Anne has 27 more music CD’s than Mitech.

AnNne Mitch

27
Music
CD’s

Compared Difference

Eremi Schemas in PrenlemiSelving (p: 185) hy/S. P: Marshall; 1995;
New: Yerk: Cambridge University Press.
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