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What do the NCTM Principles &
Standards (2000) tell us?

Prekindergarten - Grade 12 Standards:
•Content Standards: content knowledge & skills students should 
learn

•Number & Operations
•Algebra
•Geometry
•Measurement
•Data Analysis & Probability

•Process Standards: ways of acquiring & using content
knowledge

•Problem Solving
•Reasoning & Proof
•Communication
•Connections
•Representation
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NCTM Curriculum Focal Points & Connections,
Sept. 2006
http://www.nctm.org/focalpoints/downloads.asp

Kindergarten:
Number & Operations: Representing, comparing, and ordering whole numbers
and joining and separating sets (Geometry, Measurement)

First Grade:
Number & Operations & Algebra: Developing understandings of addition &
subtraction and strategies for basic addition facts and related subtraction facts

Number & Operations: Developing an understanding of whole number
relationships including grouping in tens & ones (Geometry)

Second Grade:
Number & Operations: Developing an understanding of the base-ten numeration
system and place-value concepts

Number & Operations & Algebra: Developing quick recall of addition facts and
related subtraction facts & fluency with multidigit addition and subtraction
(Measurement)
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What do we know about characteristics of
students with math problems?
Procedural Difficulties 

- Inefficient/ineffective strategy use - 
Errors in math problem execution (following the steps to 
solve the problem)  - Doesn’t use knowledge of properties

Fails to verify answers and settles for first answer

Takes a long time to complete calculations

Makes "borrowing" (i.e., regrouping, renaming) errors

       Counts on fingers

       Calculates poorly when the order of digit presentation is altered

       Disregards decimals

       Fails to carry (i.e., regroup) numbers when appropriate
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What do we know about characteristics of
students with math problems?

Representative Memory Problems
- Poor long-term memory retrieval skills(permanent storage of

information that is assisted by how information is stored 
-Working memory deficits (processing and storing 
-information simultaneously 

Cannot recall number facts automatically (declarative knowledge
Cannot remember procedural steps

Representative Visual/spatial Deficits
- Weak visual/spatial representations 
Orders and spaces numbers inaccurately in multiplication and division

Misaligns vertical numbers in columns

Problems with place value that involves understanding base ten system

Trouble interpreting maps and understanding geometry
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What do we know about characteristics of
students with math problems?

“. . . a good intuition about numbers and their
relationships. It develops gradually as a result of
exploring numbers, visualizing them in a variety of
contexts, and relating them in ways that are not
limited by traditional algorithms” (Howden, 1989, p. 11).

“Number sense” refers to the ability to understand the
magnitude of numbers, facility with using mental
computation, and ability to employ appropriate
representations (Gersten, Jordan, & Flojo, 2005; Okamoto & Case, 1996).



© 2005 UT System/TEA 10

What do we know about characteristics of
students with math problems?

Problems with Number Sense 

Number magnitude comparison confusion

Poor number naming and writing

Understanding relative size of parts such as thirds,
 tenths, 25% and their relationship to a whole unit 

Fails to see "unreasonable" answers

Disregards decimals

       Fails to read accurately the correct value of multi-digit numbers 
because of their order and spacing
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Components of the Three-Tier Model
Tier 1

“core” instruction

All students

SB instruction
& curriculum

Throughout the day

General Ed.Teacher

General Ed. Class

Flexible

60 - 90 minutes

fall, winter, spring

Tier 2

Programs, procedures
to support Tier 1

Students identified with
marked difficulties
& haven’t responded to T-1

SB standard protocol
Intervention

Additional practices oppor.
Pre-teaching/review of skills

Personnel determined by 
school

Designated by school

Homogeneous/1:3 - 1:5

20 - 30 minutes/group

PM twice monthly on target
skills/RTI

Tier 3

Customized instruction
beyond T-1, T-2

Students with marked 
difficulties & haven’t 
responded to T-1, T-2

Sustained, intensive,
Intervention/program 

Explicit, systematic, IVC

Personnel determined 
by school

Designated by school

Homogeneous/1:3

2 - 30 minutes per day/group

PM weekly on target
skills/RTI

Definition

Focus

Program

Instruction

Interventionist

Setting

Grouping

Assessment

Time

(Adapted  from 3-Tier Reading (2004), Vaughn Gross Center for Reading and Language Arts, College of Education, The University of Texas at Austin, UT
System/Texas Education Agency)
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Measures

18 13 15 11 16 10 14 17

Numeral Naming (K Only)

9
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Measures

Quantity Recognition (K Only)
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1 0 9 4 1 1 14 10

Measures

Magnitude Comparisons (K, 1, & 2)
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1 2 _____ 16 _____ 18 _____ 81 82

Measures

Number Sequences (K, 1, & 2)
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 6 7 2 11 5 0 5

- 2 + 1 - 1 - 8 + 0 + 3 - 2

4 13 1 12 13 6 0

+ 3 - 6 + 0 - 7 - 4 - 0 + 2

Measures

Addition/Subtraction
Combinations (1 & 2 only)
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Measures
Place Value (1 & 2 only)
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Mathematics 
Boosters:

Rocketing To
Success

 

What are the components of
Tier 2 standard protocol
Intervention? 
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Initial
Instruction

CR/VR/AR

Skill
Building/
Practice
PR/VR/AR

Fluency
Building

AR

Types of Boosters

Lower                 Proficiency Levels                   Higher

T
E

K
S

• Concrete
Representation

• Visua!Pictor ial
    Representation
• Abstract/Numer ic

Representation
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Warm-up: Counting to 20

Booster 1: Magnitude Comparisons

Booster 2: Numeric Sequencing

Booster 3: Addition w/counting on 2s

Progress Monitoring: % correct addition

Struggles with addition facts

3-2-1-
Blast
Off!!!
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PPreviewing reviewing 
MM odeling w/think alouds odeling w/think alouds 
GGuided practice uided practice 
II ndependent practicendependent practice
CChecking for understandinghecking for understanding
EError correction and feedback rror correction and feedback 
PProgress monitoringrogress monitoring

Effective Instruction & 
Instruction
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Problem:  
   487
+ 356
______

Steps:
1: teacher selects problems from student work that 
warrant explicit instruction,
2: teacher demonstrates how to perform the algorithm
“thinking aloud” the steps, 
3: students imitate the process on similar problems, 
4: a completed model remains as a referent on the 
student’s paper as a permanent. 

(Rivera & Smith, 1987; 1988; Bryant, Hartman, & Kim, 2003)

Instructional Interventions
Whole Number Computation: Demonstration Plus
Permanent Model
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Instructional Interventions
Whole Number Computation:Key Questions

Key Questions (Rivera & Smith, 1988)
When solving long division, some students can become 
confused while solving multistep division problems. Rivera 
and Smith (1988) found that the D+PM strategy worked well when paired with 
Key Questions. The strategy paired with Key Questions can help students get back 
on track if they are confused by where they are in the division process. The 
questions include:

a. What is the problem?
b. What are the steps?
c. What did you just do?
d. What do you do next?

Through modeling and “thinking aloud,” students are taught to ask themselves 
these questions or to refer to a chart or cue card with the questions, thus promoting
 more self-directed learning.
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Instructional Interventions
Whole Number Computation: Alternative Algorithms

Partial Products (McCoy & Prehm, 1987)
Problem: 428 ÷ 2  = ?
Step 1: Solve     400 ÷ 2 = 200    200
Step 2: Solve       20 ÷ 2 =   10    +10
Step 3: Solve         8 ÷ 2 =     4            4

   ___
   214

Expanded Notation (Cawley & Parmar,
1992)

Problem: 428 ÷ 2 = ?
Step 1: Set-Up (400 + 20 + 8) ÷ 2 =
Step 2: Solve   (200 + 10 + 4) = 214

Instructional Procedures: For both types of alternative 
algorithms, teachers model and “think aloud” how they 
solve the problem. Students imitate and verbalize the steps
in using these algorithms, use manipulatives to represent 
the process, or work with a partner to solve problems.   
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What Are Helpful Resources?

! Baker, S., Gersten, R., & Lee, D. (2002). A synthesis of empirical research on teaching
mathematics to low-achieving students. The Elementary School Journal, 103, 51-73.

! Chard, D., Clarke, B., Baker, B., Otterstedt, J., Braun, D., & Katz, R. (in press). Using
measures of number sense to screen for difficulties in mathematics: Preliminary findings.
Assessment Issues in Special Education.

! Clark,B., & Shinn, M.R. (in press). A preliminary investigation into the identification  and
development of early mathematics curriculum-based measurement. School Psychology
Review.

! Geary, D. C. (2004). Mathematics and learning disabilities. Journal of Learning Disabilities,
37, 4-15.

! Gersten, R., & Chard, D. (1999). Number sense: Rethinking arithmetic instruction for
students with mathematical disabilities. The Journal of Special Education, 33, 18-28.

! National Council of Teachers of Mathematics. (2000). Principles and standards for school
mathematics. Reston, VA: Author.

! National Research Council. (2001). Adding it up: Helping children learn mathematics. J.
Kilpatrick, J. Swafford, & B. Findell (Eds.). Mathematics Learning Study Committee, Center
for Education, Division of Behavioral and Social Sciences and Education. Washington, DC:
National Academy Press.

! Special issue of JLD-July issue-Gersten & Jordan
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Vaughn Gross Center for Reading and Language Arts

For a copy of this presentation and more information, go to

www.texasreading.org

Research: Special Education
Current research projects: Three-Tier Math

http://www.schwablearning.org/resources.asp?g=4&s=1

Schwab


