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Mathematics Interventions
By Dr. Shanon Hardy 
The objectives of Dr. Hardy’s presentation included:

· To describe the Information-Processing theory and its relationship to Cognitive Strategy Instruction (CSI)

· To define Cognitive Strategy Instruction 

· To review efficacy research on Cognitive Strategy Instruction

· To demonstrate the process of Cognitive Strategy Instruction

Information-Processing Theory as it relates to Cognitive Strategy Instruction (CSI)

Dr. Hardy introduced the “Information Processing Model” (see Dr. Hardy’s powerpoint presentation) as an explanation of how we acquire and apply information, and how it is one process of metacognition.  It is at the information processing stage that many students with disabilities exhibit deficits.  During this stage, new information is received through the senses, and then transferred to short-term memory and working memory.  Since working memory has a limited capacity, information is evaluated to determine what needs to be stored in long term memory, and what should be ignored.  Learners use strategies such as rehearsal or mnemonics to evaluate which information is worth keeping. The information is then stored in long term memory to enhance prior knowledge and to enlarge schema, (i.e. to create new knowledge).  This well-connected knowledge allows for easier retrieval of old material, permits more information to be carried in a single chunk, and facilitates the understanding and integration of new information.  Since this is an area that students with disabilities typically struggle with, these students can be taught strategies that will facilitate the process of acquiring, storing, and retrieving knowledge. 

Dr. Hardy also presented elements of good information processing (Pressley and Woloshyn, 1995).  Strategic knowledge includes knowing when and where to use particular strategies, the coordination of strategies to accomplish complex goals, and monitoring the use of strategies to determine if progress is being made toward cognitive goals.  Such strategic knowledge can be used to facilitate math problem-solving.  

She highlighted important implications from learning theory in the use of Cognitive Strategy Instruction.  Students need to be provided with extensive reading, review, practice and discussion in order to both develop and build upon background knowledge.  Dr. Hardy highlighted the importance of graphic organizers (e.g. bubble maps, Venn diagrams, thinking maps, compare/contrast strategies), the importance of building students’ strategic knowledge, and the importance of students being active learners who are required to self-regulate their own problem-solving.

Definitions

Cognitive Strategies are defined as goals directed (intended to perform a definite function) and consciously controllable processes that facilitate performance (to do things better, easier, and quicker).  Cognitive Strategies are guides that serve to support or facilitate learners as they develop internal procedures that enable them to perform higher level operations.  Students with disabilities have difficulty using strategies because they don’t know when or how to use them.  They may have knowledge of a strategy, but they do not believe they can use the strategy appropriately.  It is therefore very important for teachers to model how to choose and apply any strategies they introduce to students.  There are several types of strategies, including visualization, verbalization, making associations, chunking, questioning, scanning, underlining, accessing cues, and using mnemonics.  A good strategy user is one who possesses a variety of strategies and uses them to meet cognitive challenges.  

Cognitive Strategy Instruction (CSI) is an effort on the part of the teacher (i.e., through the use of instructional materials) to help students process information in meaningful ways and become independent learners.  CSI is supported by a broad base of research that has validated its effectiveness over the past ten years. CSI generally consists of systematic direct instruction that involves teaching students to represent problems by drawing a picture, constructing a chart or a table, or visualizing the salient features of a problem.  CSI includes scripted instruction, a questioning process, succinct verbiage, and continual feedback from the teacher. With practice, students learn to determine which approaches work and which do not work for solving problems in the same category.

Research on CSI in Mathematics

Research in the area of CSI has been conducted with students with learning disabilities, students of average ability, and with academically gifted students.  The research in CSI has involved students in both the general education classroom, and in the exceptional educational resource room.  Dr. Hardy provided a list of resources highlighting the major work in the area of CSI in Mathematics (see below).

Process of Cognitive Strategy Instruction

The focus of CSI is on how and why specific topics are to be mastered.  Emphasis is placed on how a specific topic fits into an overall framework of related topics and skills.   CSI instruction is both direct, in that there is explicit instruction, and indirect in that the students build on a knowledge base and make the connection between thinking skills and problem-solving.  CSI instruction directly addresses students’ comprehension and problem-solving deficiencies.  The CSI teacher serves as a mediator by helping to activate prior knowledge, representing information, selecting learning strategies, constructing meaning, monitoring understanding, assessing the use of the strategy, organizing and relating ideas, summarizing, and extending learning. 


There are eight general steps in teaching Cognitive Strategy Instruction:

1. Teach needed prerequisite skills, activate prior knowledge

2. Describe the strategy to students (usually with the help of a prompt or cue)

3. Teach the cognitive strategy using small steps
4. Teacher models the strategy with think alouds (expressing the thought process--not just what to do, but also what to think)

5. Students verbally rehearse the strategy, memorize the strategy to keep in long term memory so that it will be automatic

6. Support the strategy.  Students do guided practice with corrective feedback as necessary

7. Students have independent practice of the strategy

8. Promote generalization of the strategy (through the use of examples from the real world) and self-monitoring; students gain mastery 
Dr. Hardy demonstrated CSI through “Solve It!,” a scripted strategy for problem-solving.  For more information about Solve It!, see Dr. Hardy’s additional resources that are attached to this e-mail.
Conclusions

Students with learning disabilities generally have greater difficulty in:

· Representing mathematical problems

· Deriving goals for solving such problems

· Choosing among appropriate strategies for problem solving

· Engaging in self-monitoring processes

Cognitive Strategy Instruction can assist with all of the above areas.  It can also assist in students’ learning and improve self-esteem.


INFORMATION PROCESSING MODEL

New Information – New Knowledge

Hardy, 2005
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                                        Use our strategies such as rehearsal or mnemonics to 

                                evaluate which information is worth keeping  - metacognition 

                                  (Is this strategy working for me?)


                                                                                                            




          ELEMENTS OF GOOD INFORMATION PROCESSING

(Pressley and Woloshyn, 1995)

· Use of efficient strategies to accomplish important tasks
· Knowing when and where to use particular strategies, eventually to the point that procedures are used appropriately and automatically.
· Coordination of strategies to accomplish complex goals (e.g. skilled reading involves a sequence of reading comprehension strategies), eventually to the point that this occurs automatically and flexibly.
· Monitoring use of strategies to determine if progress is being made toward cognitive goals.
· Possession of extensive world knowledge, especially about cultural and scientific categories of information that are important to know in order to comprehend events and function competently in contemporary society.
· Motivational beliefs that promote good thinking (e.g., believing that it is possible to become a better thinker by learning and using appropriate strategies and acquiring relevant world knowledge).
· A cognitive style that supports competent thinking (i.e., appropriately reflective and attentive; not overly anxious.  
Rules to Lower the Amount of Memorization in Math

Miller, S. P., Strawser, S., & Mercer, C. D. (1996).  Promoting strategic math performance among students with learning disabilities.  LD Forum, 21(2), 34-40.

This mathematical strategy is designed to help students with some general mathematical rules.  Relationships and rules are taught to assist in figuring out challenging problems.  Students should be taught to recognize and use math rules and relationships along with concepts being taught.

Rules
Addition

· Any number plus zero is the number.

· Any number plus 1 is the next larger number.

· The order of numbers in an addition problem doesn’t change the answer.

Subtraction

· Any number take away zero is the number.

· Any number take away the same number is zero.

· Any number take away 1 is the next smaller number.

· In subtraction, when the bottom number in the ones column is bigger than the top number in the ones column, the ten is traded.  (Bigger number on bottom means Break down the ten and trade.)

Multiplication

· Any number times 0 equals 0.

· Any number times 1 equals the original number.

· 2 times any number equals the number added to itself.

· Changing the order of the numbers in multiplication does not change the answer.

Division

· Any number by any number equals 0.

· Any number divided by 1 equals the number.

· Any number divided by the same number equals 1.

Algebra Rules

                                                       Addition

· Same signs – add numbers and keep sign

· Different signs – find difference of numbers and keep sign of number farthest from zero

                                                               Subtraction

· Add the opposite of the second term

                                                     Multiplication and Division

· Same signs the answer will be positive

· Different signs the answer will be negative

SOLVE IT!

Montague, 1992

Read (for understanding)

SAY:         Read the problem.  If I don’t understand, read it again.

ASK:         Have I read and understood the problem?

CHECK:    For understanding as I solve the problem.

Paraphrase (your own words)

SAY:         Underline the important information.  Put the problem in my own words.

ASK:         Have I underlined the important information?  What is the question?

                  What am I looking for?

CHECK:    That the information goes with the question.

Visualize (a picture or a diagram)

SAY:          Make a drawing or diagram.

ASK:          Does the picture fit the problem.

CHECK:    The picture against the problem information.

Hypothesize (a plan to solve the problem)

SAY:         Decide how many steps and operations are needed.  Write the operation 

                   symbols (+, -, x, ÷)

ASK:          If I do -, what will I get?  If I do--, then what do I need to do next? How

                   many steps are needed?

CHECK:    That the plan makes sense.

Estimate (predict the answer)

SAY:          Round the numbers, do the problem in my head, and write the estimate.

ASK:          Did I round up and down?  Did I write the estimate?

CHECK:    That I used the important information.

Compute (do the arithmetic)

SAY:         Do the operations in the right order.

ASK:         How does my answer compare with my estimate? Does my answer make 

                   sense?  Are the decimals or money signs in the right places?

CHECK:    That all the operations were done in the right order.

Check (make sure everything is right)

SAY:          Check the computation.

ASK:          Have I checked every step?  Have I checked the computation?  Is my 

                   answer right?

CHECK:    That everything is right.  If not, go back.  Then ask for help if I need it.

Cognitive Strategy Instruction on Algebra Problem Solving

Hutchinson (1993)

Students were taught to apply the following self-questions for representing word problems:

1. Have I read and understood each sentence: Are there any words whose meaning I have to ask?

2. Have I got the whole picture, a representation, for this problem?

3. Have I written down my representation on the worksheet? (goals; unknowns; knowns; type of problem; equation)

4. What should I look for in a new problem to see if it is the same kind of problem?

For solving algebra word problems, students were taught to ask themselves the following:

1. Have I written an equation?

2. Have I expanded the terms?

3. Have I written out the steps of my solution on the worksheet?  (collected like terms; isolated unknowns; solved for unknowns; checked my answer with the goal; highlighted my answer)

4. What should I look for in a new problem to see if it is the same kind of problem?

Problem-Solving Guide

Woodward, Monroe, and Baxter (2001)

1.  READ IT AND MAKE IT SIMPLER

            a.  Cross out unimportant information.

            b.  Underline/circle important information.

            c.  Try to explain the problem to someone else.

2,  GET A STRATEGY

             a.  Draw it!

             b.  Make a table or a list.

             c.  Guess and check.

             d.  Work backwards.

             e.  Make an easier problem that looks like this one.

             f.  Look for a pattern.

             g.  Make one up.

3.  WORK THE PROBLEM

             a.  Try your strategy and see if it works.  If it doesn’t try another strategy.

4.  CHECK IT!

              a.  Do you have labels with your numbers?

              b.  Say or write why your answer makes sense.
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Strategic knowledge includes knowing when and where to use particular strategies, the coordination of strategies to accomplish complex goals, and monitoring the use of strategies to determine if progress is being made toward cognitive goals.





We first receive new information from our sensory organs - visual, auditory, kinesthetic





Metacomponents:  definition of task, selection of lower-order process, formation of a strategy





We store some information in files and filter out the rest (ignore) 





Long term memory (builds prior knowledge, enlarges schema) Use to create new knowledge.  Well-connected knowledge is important because 1) it allows for easier retrieval of old material, 2) permits more information to be carried in a single chunk, and 3) facilitates the understanding and integration of new information.














