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Instruction for Mathematical Problem-Solving
By Marjorie Montague, Ph.D., University of Miami

Math Problem-Solving Strategies for Students with Disabilities
Dr. Montague presented information about cognitive strategy instruction for students with learning disabilities/difficulties. 
She discussed two aspects of instruction: Content (the “what” of instruction), and Instructional Procedures (the “how” of instruction).  Educators need to differentiate between these two aspects.  Most teachers have limited knowledge of the What (content) and the How (how to teach it), especially at the elementary school level.  Here, teachers may have taken a course or two in teaching math, but many don’t feel comfortable with math; they prefer to teach reading instead.  Studies are showing that our students’ reading scores are increasing while their math scores are stagnant.

Dr. Montague discussed a curriculum called SOLVE IT that she uses to provide remedial instruction for teaching math problem-solving to middle school students with learning disabilities.  Although this age group was the focus of her presentation, she noted that these strategies can be adapted and applied across grade levels for children with a variety of cognitive impairments, including students with spina bifida, traumatic brain injury, Asperger's, etc. 
With SOLVE IT, Dr. Montague presents students with typical textbook problems that children encounter.  Middle school students are usually working on one-, two-, or three-step problems. For students with learning disabilities that are in the remedial program that Dr. Montague’s been working on, problems are usually limited to one or two steps.   

Dr. Montague then asks her students to solve these problems.  Many of them struggle with them, worrying if their answers are correct.  But, explained Dr. Montague, that’s not her focus.  More important than the correct answer is the process the students used to come up with their answers.  She has the students look at their problem-solving techniques retrospectively, to review what they did to come up with their answers.  The group then reflects on the processes of strategies that good problem-solvers use.

Good problem-solvers operate at an unconscious level, Dr. Montague explained.  Based on her research, Dr. Montague has found that as problems become more difficult, the conscious use of strategies kicks in.  The ultimate goal of instruction and learning is having her students attain automaticity of response to a particular task.  
She cited a study that looked at the conscious versus unconscious activities that students use.  The study compared middle school students with learning disabilities to both average achievers and gifted students.  All students were asked to rate a given task by its level of difficulty; they were then asked to solve the problem and then think aloud as they did so.  The gifted students operated at fairly unconscious levels unless 

they perceived the problem as difficult.  In these cases, the students started to use both cognitive and metacognitive processes. They asked themselves questions and slowed down.  The average achievers used more cognitive processes.  The students with learning disabilities completely shut down.  
According to Dr. Montague, students with learning disabilities are not very future- or goal-oriented.  They’re not thinking about the processes that will help them reach a particular goal.  These students need help in acquiring and applying cognitive processes and metacognitive strategies that underlie effective and efficient problem solving.  They need to learn how to:

· understand the mathematical problems, 

· analyze the information presented, 

· develop logical plans to solve problems,  and

· evaluate their solutions. 

Once we’ve taught students effective problem-solving strategies, we need to provide them with additional long-term practice in the application of those strategies across topical domains.  Students with learning disabilities tend to be poor in generalization of what they’ve learned.  If we’re removing them from the general education classroom to provide intensive remedial instruction, we need to program for generalization so they use what they’ve learned in the context of the general education classroom.  All teachers should discuss and interact with each other so they’re all on the same page.  
Most textbooks outline a 4-step problem-solving sequence, in which students read a problem, decide what to do, do it, and then check their answer.  Good problem-solving involves representation of the problem, then execution.  If we look at the mental activities of kids and we count their strategies and then compare them, it looks like there are no differences in the number of strategies they use; however, when we look at the types of strategies students with learning disabilities are operating at the execution stage, we find that they haven’t adequately represented the problem.  The breakdown is in the representation stage.  You can’t solve a problem that you haven’t been able to represent.  The same is true for any comprehension activity, like reading.

The representation stage is where we need to focus when we teach.  With young children, we have to move from manipulative to visual representation to symbolic notation.  Sometimes we move too quickly to the abstract stage when they don’t have a concrete understanding.  

By the time children reach early adolescence, about ages 12 to 14, they should be able to function metacognitively.  They should be able to allocate effective strategies for the task at hand and then evaluate how those strategies worked.  They tend to have a realistic perception of their performance.  
Students with learning disabilities, however, have an inflated view of their academic performance; because they’re in a special education classroom, there’s no normative comparison.  They can’t identify their own errors and then correct them.  We must teach them how to do that, how to monitor their performance.

There are seven different processes that good problem-solvers use.  They:

· Read the problem for understanding.

· Paraphrase by putting the problem into their own words.

· Visualize the problem by drawing a picture or making a mental image.

· Hypothesize or set up a plan for solving the problem. 

· Estimate the answer.

· Compute or do the arithmetic.

· Check the process and product.

Good problem solvers may read the problem more than once, Dr. Montague explained, and they use self-regulation strategies.  Did they understand the problem?  They identify the important information…they underline parts of problem…and they visualize a schematic of the problem.

Students who are gifted tend to produce more schematic vs. students with learning disabilities.  You can’t just tell kids with learning problems to draw a picture or make a diagram.  We need to teach them how to draw a diagram that shows a relationship among problem parts.  

Good problem-solvers develop solution paths, they identify algorithms.  They come up with some ballpark idea of what their answer should be.  Kids with learning disabilities come up with outlandish answers or estimations.  

Give kids an acronym (e.g.,RPVHECC) to remember these seven processes.  The goal is for them to internalize these processes; have them become part of their repertoire when they approach math problems to solve, either in school or outside of school. 

Everything in Dr. Montague’s curriculum is verbalized in the beginning…both by the students, and the teachers.  There is a lot of role exchange.  The process is slow and laborious at the outset.  This is not a passive activity.  The students interact constantly with the teacher and with one another.  They often conduct a teacher-student role exchange to demonstrate thinking aloud. The teacher talks about loud about how to solve a problem. They face the class while doing this, not a chalkboard.
“I’ve found that when I take baseline performance measures…when they’re given a test of 10 1- 2- and 3-step problems, it takes them about 20-27 minutes,” Dr. Montague explained.  “When they’re involved in this process, it might then take them 20 minutes to solve one problem. As they become more familiar with the routine, they become more efficient.”  
At the end of the three-week instructional period, the class of 8-10 children still solve the same number of problems, but they get more correct answers.  

Problem-Solving Assessment

While remediation is one side of coin, assessment is other, Dr. Montague stated.  You can’t remediate if you haven’t assessed.  However, standardized tests aren’t useful to understand the processes children are using or misusing as they go about a task.

An informal assessment tool is built into SOLVE IT that enables teachers to assess students individually.  You can see the products that kids produce when they solve math problems.  What processes do they use?  You can note the bad habits that kids need to change. You can analyze their strengths and weaknesses, and delve into why their strategies don’t allow the student to arrive at correct solution.

Question and Answer

Q: What is over-learning?  
A: Students with disabilities have not internalized problem-solving skills enough to reach mastery.  They have to be able to demonstrate correct skills on 3-5 different occasions that they have mastered whatever I’m teaching.  They need to be able to score 7 or better of 3-4 testing opportunities.  Make sure they’ve learned what she’s trying to teach them.   

If they start to lose ground, not using routine effectively and efficiently…Provide a booster session.  One day of review and practice will bring them back up to level.

Q: Pythagorean theory – To what extent can I say they’ve mastered this?
A.  You set the criterion for success.  If you’re teaching a theorem, they need to display knowledge and understanding of this theorem.  Give them a test, do a progress check. Are they meeting your criterion?  If so, then give them another test on another day where they again display understanding.  If they can apply it 3-4 days over time, they’ve probably mastered that.  They may lose it if they don’t use it.  Provide them with intermittent reinforcement.  

Dr. Montague likes to teach her students about the concept of personal best.  They’re competing with themselves, not each other.  She asks them to use a simple graph to mark their progress.  When they see an improvement (and they will, she insisted, they’re receiving very intense instruction), that’s a great motivation for students.  What’s most important is that they do better than they did previously.  Then you can teach them how to reinforce THEMSELVES.  Reinforcement is the most powerful behavioral principle that we know.  It’s really important for learning, from Day 1.  We need to provide the students with success at the outset.  Success breeds success.

Q: Regarding the use of manipulatives…how do you work with a student that has all kinds of disabilities…focus on manipulatives…how do we know the extent of progress made using good problem-solving skills?  When do we know, how do we determine the extent of manipulative use in the classroom?
A: Return to the previous question concerning mastery.  If the student masters manipulatives, (good for lower functioning kids and younger kids with disabilities), go on to teach them schematics representation.  The rate varies from individual to individual.


[image: image2]
Instruction for Mathematical Problem-Solving 





Marjorie Montague, Ph.D.  University of Miami 








A Summary of the 


April 28, 2005 Teleconference


for the 


District-to-District Information Sharing Community








�





District Sharing: What is happening around the country related to access?





Wichita – working to make changes in service delivery model to become more inclusive. 





LA – continuing to move ahead with resource specialist program so that next year high school students will be in general education classroom in all content areas.





Detroit – Programmatic changes are difficult with current budget cuts and reallocation of staff.  Detroit has closed 31 buildings, laid off 1900 teachers.  
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“More important than the correct answer,” Dr. Montague explained, “is the process the students used to come up with their answers.”








