What Leaders Should Look for In Effective Mathematics Classrooms

	Observed
	What Are Teachers Doing?

	
	Raising questions that encourage students to explore several solutions and challenge deeper thinking about real problems.  They are not just lecturing.

	
	Moving around the room to keep everyone engaged and on track.  They are not glued to the chalkboard.

	
	Allowing students to raise original questions about math for which there is no ”answer in the book”, and promoting discussion of these questions, recognizing that it may be other students who will find reasonable answers.

	
	Using manipulatives and technology when it is appropriate, not just as “busy work.”

	
	Drawing on students discovery and creativity to keep them interested.  The teacher knows that boredom is the enemy of learning.

	
	Encouraging students to go on to the next challenge once a step is learned, understanding that not all students learn at the same pace.

	
	Bringing a variety of resources into the classroom from guest speakers to creative use of technology.

	
	Working with other teachers to make connections between disciplines to show how math is a part of every other major subject.

	
	Using assessments that reflect the way math is being taught, stressing understanding and problem-solving skills, not just memory.

	
	Exploring with students career opportunities that emphasize mathematical concepts and procedures.

	Observed
	What Are Students Doing?

	
	Interacting with each other as well as working independently, just as adults do at work.

	
	Using textbooks as only one of many resources.  Manipulatives such as blocks and scales and technology such as calculators and computers are useful tools, and students should be learning how and when to use them.

	
	Becoming aware of how math applied to real life problems, not just learning a series of isolated skills.  And as in real life, complex problems are not solved quickly. 

	
	Realizing that many problems have more that just one “right” answer. Students can explain the different ways they reach a variety of solutions and why they make one choice over another. 

	
	Working in groups to test solutions to problems.  They are more that only “listeners” and are highly involved.

	
	Learning how to communicate mathematical ideas with one another.



	
	Working in a physical setting that promotes teamwork and helps them challenge and defend possible solutions.  Even while using computers, they do not always work alone but with other students, helping each other.
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	BEST PRACTICE IN TEACHING MATHEMATICS

	Increase
	Decrease

	TEACHING PRACTICES

· Use of manipulative materials

· Cooperative group work

· Discussion of mathematics

· Questioning and making conjectures

· Justification of thinking

· Writing about mathematics

· Problem-solving approach to instruction

· Content integration

· Use of calculators and computers

· Being a facilitator of learning

· Assessing learning as an integral part of instruction
	TEACHING PRACTICES

· Rote practice

· Rote memorization of rules and formulas

· Single answers and single methods to find answers

· Use of drill worksheets

· Repetitive written practice

· Teaching by telling

· Teaching computation out of context

· Stressing memorization

· Testing for grades only

· Being the dispenser of knowledge

	MATHEMATICS AS PROBLEM SOLVING

· Word problems with a variety of structures and solution paths

· Everyday problems and applications

· Problem-solving strategies

· Open-ended problems and extended problem-solving projects

· Investigating and formulating questions from problem situations
	MATHEMATICS AS PROBLEM SOLVING

· Use of cue words to determine operation to be solved

· Practicing routine, one-step problems

· Practicing problems categorized by types



	MATHEMATICS AS COMMUNICATION

· Discussing mathematics

· Reading mathematics

· Writing mathematics

· Listening to mathematical ideas
	MATHEMATICS AS COMMUNICATION

· Doing fill-in-the-blank worksheets

· Answering questions that need only yes or no responses

· Answering questions that need only numerical responses

	MATHEMATICS AS REASONING

· Drawing logical conclusions

· Justifying answers and solution processes

· Reasoning inductively and deductively
	MATHEMATICS AS REASONING

· Relying on authorities (teacher, answer key)

	MATHEMATICAL CONNECTIONS

· Connecting mathematics to other subjects and to the real world

· Connecting topics within mathematics

· Applying mathematics
	MATHEMATICAL CONNECTIONS

· Learning isolated topics

· Developing skills out of context


	BEST PRACTICE IN TEACHING MATHEMATICS

	Increase
	Decrease

	NUMBERS/OPERATIONS/COMPUTATION

· Developing number and operation sense

· Understanding the meaning of key concepts such as:  place, value, fractions, decimals, ratios, proportions, and percents

· Various estimation strategies

· Thinking strategies for basic facts

· Using calculators for complex calculation
	NUMBERS/OPERATIONS/COMPUTATION

· Early use of symbolic notation

· Complex and tedious paper and pencil computations

· Memorizing rules and procedures without understanding

	GEOMETRY/MEASUREMENT

· Developing spatial sense

· Actual measuring and the concepts related to units of measure

· Using geometry in problem solving
	GEOMETRY/MEASUREMENT

· Memorizing facts and relationships

· Memorizing equivalencies between units of measure

· Memorizing geometric formulas

	STATISTICS/PROBABILITY

· Collection and organization of data

· Using statistical methods to describe, analyze, evaluate, and make decisions
	STATISTICS/PROBABILITY

· Memorizing formulas

	PATTERNS/FUNCTIONS/ALGEBRA

· Pattern recognition and description

· Identifying and using functional relationships

· Developing and using tables, graphs, and rules to describe situations

· Using variables to express relationships
	PATTERNS/FUNCTIONS/ALGEBRA

· Manipulating symbols

· Memorizing procedures and drilling

	EVALUATION

· Having assessment be an integral part of teaching

· Focusing on a broad range of mathematical tasks and taking a holistic view of mathematics

· Developing problem situations that require applications of a number of mathematical ideas

· Using multiple assessment techniques, including written, oral, and demonstration formats
	EVALUATION

· Having assessment be simply counting correct answers on tests for the sole purpose of assigning grades

· Focusing on a large number of specific and isolated skills

· Using exercises or word problems requiring only one or two skills

· Using only written tests
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	National Assessment of Education Progress (NAEP) Descriptors

Example: Mathematics
	Depth of Knowledge (Bloom’s Taxonomy)

	Basic(8th Grade)
Eighth-grade students performing at the Basic level should exhibit evidence of conceptual and procedural understanding in the five NAEP content areas. This level of performance signifies an understanding of arithmetic operations—including estimation—on whole numbers, decimals, fractions, and percents.
Eighth-graders performing at the Basic level should complete problems correctly with the help of structural prompts such as diagrams, charts, and graphs. They should be able to solve problems in all NAEP content areas through the appropriate selection and use of strategies and technological tools—including calculators, computers, and geometric shapes. Students at this level also should be able to use fundamental algebraic and informal geometric concepts in problem solving.
As they approach the Proficient level, students at the Basic level should be able to determine which of the available data are necessary and sufficient for correct solutions and use them in problem solving. However, these eighth-graders show limited skill in communicating mathematically.
	RECALL (Knowledge/Remembering)
tell * list * describe * relate * locate * find * state * name


	
	REPRODUCTION (Comprehension/Understanding)
explain * interpret * outline * discuss * distinguish * predict * restate * translate * compare describe

	Proficient (8th Grade)
Eighth-grade students performing at the Proficient level should apply mathematical concepts and procedures consistently to complex problems in the five NAEP content areas.
Eighth-graders performing at the Proficient level should be able to conjecture, defend their ideas, and give supporting examples. They should understand the connections between fractions, percents, decimals, and other mathematical topics such as algebra and functions. Students at this level are expected to have a thorough understanding of Basic level arithmetic operations—an understanding sufficient for problem solving in practical situations.
Quantity and spatial relationships in problem solving and reasoning should be familiar to them, and they should be able to convey underlying reasoning skills beyond the level of arithmetic. They should be able to compare and contrast mathematical ideas and generate their own examples. These students should make inferences from data and graphs; apply properties of informal geometry; and accurately use the tools of technology. Students at this level should understand the process of gathering and organizing data and be able to calculate, evaluate, and communicate results within the domain of statistics and probability.
	REASONING/USING SKILLS AND CONCEPTS (Application/Applying)
solve * show * use * illustrate

calculate  * construct * complete examine * classify


	
	COMPLEX OR STRATEGIC THINKING (Analysis/Analyzing)
analyze * distinguish * examine * compare * contrast * investigate categorize * identify * explain * separate * advertise


	Advanced (8th Grade)
Eighth-grade students performing at the Advanced level should be able to reach beyond the recognition, identification, and application of mathematical rules in order to generalize and synthesize concepts and principles in the five NAEP content areas.
Eighth-graders performing at the Advanced level should be able to probe examples and counterexamples in order to shape generalizations from which they can develop models. Eighth-graders performing at the Advanced level should use number sense and geometric awareness to consider the reasonableness of an answer. They are expected to use abstract thinking to create unique problem-solving techniques and explain the reasoning processes underlying their conclusions.
	EXTENDED THINKING OR REASONING 
(Synthesis/Creating)
create * invent *compose * predict * plan * construct * design * imagine * improve * propose * devise * formulate


	
	EXTENDED THINKING OR REASONING, 
(Evaluation/Evaluating)
judge * select * choose * decide * justify * debate

verify * argue * discuss * determine * prioritize


Depths of Knowledge
Math Examples
	Level 1: Recall and Reproduction
	Level 2: Basic Reasoning, Using Skills & Concepts

	· Which of the following numbers, when rounded to the nearest thousand, becomes 90,000?

· Solve a one-step, well-defined and straight algorithmic procedure.

· Compute a sum, difference, product or quotient.

· Evaluate an equation or formula for one of its items.

· Provide or recognize a standard mathematical representation for a situation.


	· A car traveled 23,456.2 miles. The next exit is 1000 feet ahead. What will the mileage gauge read then?

· Organize and display data in tables, graphs and charts.

· Represent a situation mathematically in more than one way.

· Formulate a routine problem given data and conditions.

· Compare statements such as definitions, examples or arguments.

	Level 3: Complex or Strategic Thinking 


	Level 4: Extended Thinking or Reasoning 



	· Julie wants to fence in an area for her dog. She can afford only 36 feet of fencing. She is considering various shapes for the fenced in area, but she wants the shape to have four sides that are whole numbered lengths and contain four right angles. What is the largest area that Julie can enclose with 36 feet of fencing?

· Formulate an original problem given a situation.

· Solve non-routine problems.

· Analyze the assumptions made in a mathematical model.

· Analyze a deductive argument, including various proofs.


	· Students are asked to identify a “real world” problem that requires the application of mathematics, describe the possible procedure for solving, and explain the outcome along with explanation of student reasoning.

· Develop a generalization from a mathematical situation.

· Apply mathematics to model and illuminate a practical problem or situation.

· Conduct a project requiring specifying a problem, identifying a number of solution paths, selecting the most effective solution path, solving the problem and reporting the results.

· Prove an original theorem.

· Design a mathematical model to inform and solve a practical or abstract situation.




