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Poll: Gauging Familiarity of Math 
Challenges 
 How familiar with Math Challenges are you? 

 Very familiar 
 Somewhat familiar 
 Neither familiar nor unfamiliar 
 Somewhat unfamiliar 
 Not at all familiar 
 

 How often do you use Math Challenges in your classrooms? 
 Often 
 Sometimes 
 Never 
 

Tell me more about your experience 
 



What are Math Challenges 

 Tool that provides teachers, grade K-8, with high 
quality tasks that yield formative information about 
student understanding. 

 

 With regular use, students receive regular exposure 
and experience engaging with high quality 
assessments.  

 

 Aligns to Common Core State Standards. 
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Theory of Action 
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Student Outcomes 

Teacher Outcomes 

•High-quality classroom tasks 
that:   
Provide formative 
information about student 
understanding 
Are aligned with the 
Common Core State Standards 
Are curriculum independent 
Use appropriate real-world 
situations and applications  
Emphasize conceptual 
understanding, communication, 
and problem-solving and 
higher-order thinking skills 
 
•Teaching and learning 
considerations provide guidance 
for moving student learning 
forward on each standard and 
task 
 
•Scoring information, rubrics, 
and sample student work 
 
•On-going monthly meetings 
supported  by meeting agendas 
and guiding questions that help 
teachers to plan for the use of the 
assessments, adjust instruction 
based on elicited evidence, and  
trouble shoot with colleagues 

Mathematics Challenge 
Components 
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Anatomy of a math challenge 

Six-Step Math Challenge Process 

 Planning 
 Step 1: Review Math Challenge Meeting 

Protocol 

 Step 2: Review and solve Math Challenge 
prior to your PLC Meeting  

 Step 3: Hold PLC meeting and discuss 
responses to guiding questions on the 
Meeting Protocol 

 Implementation 
 Step 4: Implement Math Challenge in 

classroom 

 Analysis and Reflection 
  Step 5: Respond to guiding questions on the 

Analyzing Student Responses Protocol 

 Step 6: Complete Math Challenge 
Feedback Log  



Review of Grade 5 Math 
Challenge 

 
 
Refer to sample Math Challenge and Supplemental 
Rubric  



List of Math Challenges 

Common Core Mathematics Challenges 

Kindergarten Grade 1 Grade 2  Grade 3 Grade 4 Grade 5 Grade 6 Grade 8 

 A Trip to Shape 
Town 

A Map of Shape 
Town Candy Fractions 

At the Nature 
Center Building Numbers 

Biking with 
Fractions 

Field Trip to the 
Zoo 

Pythagorean 
Theorem 

 Boxes of Rocks 
 At the Nature 

Center Quilt Squares 

Everyday 
patterns in 
Algebra 

 Designing the 
Flag 

Field Trip to the 
Zoo   

The State Animals 
of Tennessee 

Baking Up 
Fractions 

The Pond and the 
Field 

Field Trip to the 
Zoo 

Everyday 
Patterns in 
Algebra Next to Nothing   

  
Cookies at the 

Bakery Voting at the Zoo 
 School Garden 

in Order 
 Field Trip to the 

Zoo 
Planning 

Coordinate City   

  
Field Trip to the 

Zoo Shady Fractions 
Rectangular 

Gardens 

The 
Quadrilateral 

Community   

  Pencil Measures Tile Squares 
School Garden in 

Order   

  
What’s in Your 
Desk Drawer             



Common Core Math Practices 

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

2. Reason abstractly and quantitatively. 

3. Construct viable arguments and critique the reasoning of others. 

4. Model with mathematics. 

5. Use appropriate tools strategically. 

6. Attend to precision. 

7. Look for and make use of structure. 

8. Look for and express regularity in repeated reasoning. 



Other Math Challenge 
Developments 

 ETS is developing new elementary school Math 
Challenges  

 ETS is conducting more research around effective 
ways for teachers to use Math Challenges 
 Please let us know if you are interested in participating 

in our research 

 ETS is working on translating Math Challenges into 
different languages and creating an online version  



The Algebra Project 

Advances in Math Challenges 



A Brief Introduction  
to the Algebra Project  

 “…math literacy--
and algebra in 
particular--is the key 
to the future of 
disenfranchised 
communities...” 

Bob Moses, Radical Equations 

 

Presenter
Presentation Notes
Anticipation – excitement about jobSurvival – overwhelmed with all the components of the job – what are some of these?Disillusionment – so much to do – timing Rejuvenation – rest and reflection 



A Brief Introduction  
to the Algebra Project  

 Algebra Project Curriculum (What to Teach) 
Experientially-based Curriculum  
Transition Curriculum 6th & 7th 

NSF funded Curricular 9th – 12th  
 

 Algebra Project Pedagogy (How to Teach It)  
Experiential Learning Cycle 
5 Step Curricular Process  

 



The Work in Mansfield  

In Mansfield we are developing Math Challenges 
utilizing the 5 Step Curricular Process.  

This puts an emphasis on 
 Sense-making as a pre-condition for problem-

solving,  
 Getting relevant prior knowledge on the table and 
 Organizing knowledge around core concepts and 

experientially metaphors.  
 

 



3 Principles of Learning 

 Engaging prior knowledge  
 

Organizing knowledge around core 
concepts 
 

 Supporting meta-cognition.  
 

                                        How Students Lean  
                                           Bransford (ed. ) 

 



Learning Cycle 

 
 Try it 

Think about it 

Improve it 

Practice it  

  



Experiential Learning Cycle 

 Piaget 
 Lewin 
 Kolb 

Concreter Event 

Reflection 

Abstract Concept  

Application  

 



5 Step Curricular Process 

 Picture  

 People-Talk 

 Feature 
Identification 

 Feature –Talk 

 Iconic 
Representation  

 Symbolic 
Representation 

Concrete Event 

Reflection 

Abstract Concept  

Application  

 



5 Step Curricular Process 

1. Concrete Event  
2. Picture 
3. People Talk 
4. Feature Talk  
5. Iconic & Abstract Symbolic 

Representation 

 



5 Step Curricular Process and the Math Practices 

Common Core Practices 
  
  
  
  
  
5 Step Curricular Process 

Practice 1 
Make sense of 
problems & 
persevere 

Practice 2 
Reason abstractly 
and quantitatively 

Practice 3 
Construct viable 
arguments and 
critique reasoning 
of others 

Practice 4 
Model with 
mathematics 

Practice 5 
Use appropriate 
tools strategically 

Practice 6 
Attend to 
precision 

Practice 7 
Look for and make 
use of structure 

Practice 8 
Look for and 
express regularity 
in repeated 
reasoning 

Mathematically-rich Physical 
Experience/Event 

Acts as a grounding 
metaphor for 
sense-making 
around specific 
concepts. (S)  

    The initial 
experience/event is 
often an enactive 
representation of 
one or more 
mathematical 
concepts. (S, O)  

The initial 
experience/event 
as an enactive 
representation 
often functions as a 
manipulative tool. 
(O)  

      

Pictorial Representation/ 
Modeling of the Event 

The first 
representation of 
the event is visual. 
(O) 

Picture/Model 
captures common 
sense intuitions and 
first impressions 
about the event. (S) 

  Pictures/Models 
develop into 
numerical and/or 
geometric models of 
the event. (S, O)  

Pictures/Models 
serve as 
descriptive tools. 
(O)  

Accuracy and 
detail of the 
pictures/models 
grows over time.  
(S)  

As pictures/ models 
move towards 
geometric diagrams 
structure becomes 
more evident. (S) 

  

Ordinary Language 
Description of the Event 
(People-Talk) 

The second 
representation of 
the event is a 
verbal description. 
(O) 

First reasoning 
about the event is 
often intuitive and 
qualitative. (S) 

First arguments 
and critiques occur 
at the level of 
People-Talk. (S) 

    People-Talk is the 
level of talk that 
ensures sense and 
comprehension. (S) 

People-Talk evolves 
as a consequence 
of the reflection on 
both pictorial 
representations and 
Feature-Talk.  (S) 

Every “techinal” 
Feature-Talk 
description and 
explanation can 
also be rendered 
in ordinary 
language. (O) 

Structured Language 
Description of the Event 
(Feature-Talk) 

Reflection on the 
first two 
representations for 
salient features of 
the event. (O) 

Abstraction of 
features is the first 
step in reasoning 
abstractly and 
quantitatively. (O) 

Feature-Talk 
supports a 
refinement of both 
arguments and 
critique. (O) 

Feature-Talk 
supports the 
construction of 
symbolic models of 
the event. (S) 

  Feature-Talk, by 
making the salient 
features of the 
event explicit, 
supports precision. 
(O) 

Determining the 
relationship among 
features helps 
develop the notion 
of mathematical 
structure. (O) 
  

Feature-Talk 
makes explicit the 
correspondence 
between different 
sets of features 
having the same 
relationships 
within the sets. (O) 

Symbolic Representation of 
the Event   
  

Symbolic 
representation of 
the salient features 
of the event. (O)  

Description by 
symbolic 
representation is a 
foundation for 
explanations about 
the event. (O)  
  

Alternative 
symbolic 
representations 
signify alternative 
but related 
explanations. (O)  

Symbolic 
representations are 
algebraic models of 
the event. (O) 

Symbolic 
representations 
serve as 
descriptive, 
explanatory and 
predictive tools. 
(O) 

  Symbolic 
representations 
help to make 
mathematical 
structure explicit. 
(O) 

Symbolic 
representations 
explicitly present 
a repetition in 
structure and 
reasoning. (O) 



The W. V. O. Quine 

 Mathematics starts with the regimentation 
(structuring) of ordinary discourse.  
 

 Mathematics is a language which nobody speaks 
but one which we can read and write.  

 



    Models of Mathematics as Language 

 Between Language Model - Pidgin 
 
 

 Within Language Model - Register 

 



Between-Language Model  
of Mathematics  ( Pidgin ) 

 Focus on Key Words  
(Minimal Translation Dictionary )  
 

 Focus on the Rules for Symbols 
  
 

 Focus on Specific Numerical Values 

 



How to Solve Word Problems  
Mildred Johnson and Tim Johnson 

 Facts to remember  
  
“Times as much” means multiply. 
“More than” means add.  
“Decreased by” means subtract. 
“Increased by” means add.  
“Percent of” means multiply. 
“Is, was, will be” becomes the equal sign (=) 

 



Within-Language Model 
 of Mathematics  ( Register ) 

 Focus on Ordinary Language Descriptions 
 
 

 Focus on the Meaning of Symbols 
  
 

 Focus on Quantitative Relationships  



Reading and Writing Systems 

 Phonographic Symbol Systems 
Symbols represent sounds.  
 

 Logographic Symbol Systems 
Symbols represent ideas. 
 

 Diagrammatic Symbol Systems   
Graphic elements represent relationships among 
ideas.  



Concept to Symbol Relation 

                            Concepts               Symbols                      Relations 
 
 

 
                                               O                                    O                       Unique concept & symbol 
 
 

                                                                                      O 

 

                                              O                                     O                                 One concept 
                                                                                                                        for many symbols  

                                                                                      O                                    (synonym) 
 
 
                                              O  

 

                                              O                                     O                               Many concepts 
                                                                                                                         for one symbol 
                                              O                                                                            (homonym) 



Reading Phonographic Symbols 

    
                                                            

Context  
 
 

                                                        interpretation 
    Word             Meaning 

 
 
 

                               decoding 
 

Symbol 

 
 
 
 



Reading Logographic Symbols 

    
                                                            

Context  
 
 

                                                        encoding 
    Word             Meaning 

 
 
 

                                                                                      interpretation 
 

Symbol 

 
 
 
 



Fraction Example 

3 
4 

 3 over 4 
 3 parts out of 4 parts 
 3 compared to 4 
 3 measured by 4 
 3 for every 4 
 multiplication by 3, division by 4 
 



The Feature-Talk Solution 

 Feature-Talk is a device to connect the ordinary 
discourse of students to the symbolic representations 
of mathematics.  
 

 Feature-Talk gives a voice to the sense-making that 
students are engaged in.  
 

 Feature-Talk is an explicit regimentation of ordinary 
discourse.  It is how we express “these ideas” in 
mathematics.  



Types of Representations 

 Enactive (Manipulative)  
 

 Pictorial  
 Diagrammatic (Geometric)  

 
 Iconic  
 Symbolic (Algebraic)  

 



Algebra Project Work Cycle 

 Individual  
 

 Team  
 

 Class 
Publication  
Presentation 
Peer-Review  

 
 

 



The Winding Game 

 
 
 
 
The Winding Game is an activity about scientific 

observation. In this game students must carefully 
watch an event, record their observations of the 
event, make predictions about the event, and 
check those predictions to determine if they are, 
in fact, true.  
 
 

 

 



The Winding Game 

To play the Winding Game:  

 

 A Winder picks a card from the stack of number cards and figures out how many full 
winds around the Winding Circle to make and which chair to sit in based upon the 
number on the card. No one else should see the Card Number until all predictions have 
been made.  

 

 The Winder starts at the Zero Chair and walks/runs around the Circle finally sitting in 
the chair that corresponds to the Card Number.  

 Team members carefully observe the Winding Number and Residue (the number of the 
chair where the Winder sits). From the Winding Number and Residue based upon these 
observations each team makes a prediction for the Card Number.  

 

 A team receives a point for each correct prediction based upon the observed Winding 
Number and Residue. If the Winder incorrectly wound, teams can gain an additional 
point by correctly determining the Winding Number and Residue for the Card Number. 

 
 
 

 

 



The Winding Game 

   
 
 

 

  



The Winding Game 

 
 
 

 

  



Amhi’s Iconic Representation 

 
 
 
 
 
Symbolic Representation:  

43 = 3 mod(10) 
  

       card number        residue number    10-chair winding 
                                                                    game  
       dividend             remainder            divisor 
  

 



Discussion 

 What are some points you would like to discuss 
more? 
 

 What are some issues that you are currently 
working on? 



Resources  

 Moses, R. and Cobb, C. E. (2001) Radical Equations: 
Civil Rights from Mississippi to the Algebra Project. 
Boston: Beacon Press.  

 National Research Council (2005) How Students 
Learn: History, Science, and Mathematics in the 
Classroom. Washington, DC: National Academy 
Press.  

 Whitehead, A. N. (1911). An Introduction to 
Mathematics. New York: Oxford University Press. 
 



Web Resources 

 The Algebra Project 
http://www.algewbra.org/ 

 
 The Young People’s Project:  

http://www.typp.org/  
 

 http://www.algebra.org/curriculum 
You can register free and create a login. At present the 
site only contains the high school curriculum.  
 

 

http://www.algewbra.org/
http://www.algewbra.org/
http://www.typp.org/
http://www.typp.org/
http://www.algebra.org/curriculum
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