CHAPTER 9:
CRITICAL THINKING AND PROBLEM SOLVING, WITH APPLICATIONS FOR MATH AND SCIENCE
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CHAPTER OVERVIEW
You have already set the stage for critical thinking in Chapter 1.  Chapter 9 expands on the attributes of a critical thinker and examines common fallacies and errors in judgment.  You may want to bring in a newspaper and look for examples of irrational thinking in daily life.  Letters to the editor often provide some great examples.  Ask students for other examples of faulty thinking.  Have they noticed any examples concerning people who smoke, drink alcohol, take drugs, or refuse to wear seatbelts?  How do some of these people respond to facts and statistics?

CHAPTER OBJECTIVES
Students will learn:

· To prepare their minds for problem solving

· The importance of critical thinking

· Common fallacies and errors in judgment

· How to use problem solving for mathematics

· How to overcome math anxiety

· The importance of creativity in problem solving

CHAPTER OUTLINE

Chapter 9:  Critical Thinking and Creative Problem Solving, with applications for Math and Science
Preparing for Critical Thinking and Problem Solving

Problem Solving Steps

Common Errors in Judgment

Math and Science Applications

Problem-Solving Strategies for Math and Science

Overcoming Math and Science Anxiety

Creative Problem Solving 

Worksheets:

· Worksheet 9.1:  Applying the ABCDE Method of Self-Management

· Worksheet 9.2:  Problem Solving

· Worksheet 9.3:   Preparing for Critical Thinking

· Worksheet 9.4:   You Can Solve the Problem: Sue's Decision

· Worksheet 9.5:  You Can Solve the Problem: Casey's Dilemma

· Worksheet 9.6:   Matrix for Critical Thinking

· Career Development Portfolio:  Assessing and Demonstrating Your Critical Thinking Skills

SUCCESS PRINCIPLE 9:  Focus on CRITICAL THINKING, not assumptions.

VISUALIZATION: 

Discuss difficult classes with students and many will mention math and science. Discuss the importance of critical thinking and creative problem solving in math and science classes.  Have students visualize and write about approaching math and science in a positive way. Ask them to write about how important math and science are in our every day lives.
TEACHING TIPS
Preparing For Critical Thinking and Problem-Solving

Critical thinking and creative problem solving are fundamental for college, work, and life success.  Every day, students are faced with making decisions: what classes to take; how to choose a roommate; issues relating to dating, sex, drinking, smoking, and drugs; and how to balance school and a job.  Ask students for examples of poor decision-making that can cause serious problems later, for example, not paying tuition on time, not dropping a course by the deadline, etc.  Ask students how they can use critical thinking in all areas of their lives.  Discuss the attributes of a critical thinker and how students can prepare their minds for problem-solving by having a positive attitude.  Ask students what they say to themselves when they approach math or science courses.

Common Errors in Judgment

Review the common errors in judgment and ask students to discuss other errors that also interfere with critical thinking by citing examples from their personal experiences.

Math and Science Applications
Discuss problem-solving strategies for math and science classes.  Ask students what subject cause them the most difficulty.  Although the chapter addresses math, science, and foreign language courses, the strategies can be applied to any subject that students find difficult. Review the list of strategies with the entire class.  Then ask for other suggestions from the students as a class, or break them into small groups for brainstorming ideas.  Ask them what they have learned so far that would apply to difficult courses.

Creative Problem Solving

Ask students to identify the type of people they think are creative.  Many people think of artists, writers, and inventors.  Remind students that creativity is a process that can be learned and nurtured; it can be applied to all kinds of activities and jobs.

Creativity involves being open to alternatives and seeing many different options.  It also involves critical thinking.  Stress that effective problem solving and decision making are essential skills that use creativity, critical thinking, and sound judgment.

Encourage students to shift their perceptions and to explore strategies that enhance and encourage creativity.  Most students are interested in how they can become more creative and effective problem solvers.  Ask students:

-
If they think they are creative.  You may have just a few hands go up.  Tell them that 


creativity involves being innovative for solving problems.

-
To think of an example when they used a new approach to solve a problem.

IN-CHAPTER CRITICAL THINKING QUESTIONS

Figure 9.1:  Critical Thinking Qualities

Page 9-3

Do you apply any of the attributes of a critical thinker when you are faced with solving a problem?

Answers will vary according to each student’s personality style.

FEATURE NOTES

Personal Performance Notebook

9.1:  Using Critical Thinking to Solve Problems

Page 9-4

This helps students discover that they are more creative than they may have thought.  Discuss the common barriers to creativity.  Have students explore strategies for overcoming these barriers.

Stress the importance of expecting to have creative ideas.  Have students write down all the times they have taken risks and acted on creative ideas.  Ask them to keep a creativity section in their journals to write down creative ideas and thoughts.  Have students review them in a month or so.

Stress the importance of positive self-talk.  Ask students how often they use negative self-talk by telling themselves and others, “I’m just not a very creative person.”

Have students list the creative thoughts and ideas they have had recently.  Discuss their self-images as creative people.  Talk about how people often view only writers, inventors, and those involved in the arts as creative.  People who solve problems are also creative.  Ask for other examples of creative people.  Discuss how critical thinking relates to creativity.  Ask students if they know anyone who approaches problems with the childlike enthusiasm of solving puzzles or exploring a game.  Ask students how they can change their attitudes about problem solving and decision making.

9.2:  The History of Your Anxiety

Page 9-11

The purpose of this exercise is to have students use critical thinking when analyzing their fear and anxiety about math.  Some of their fears may be illogical and their thinking distorted.  For example, a student may say to herself, “I can’t do math very well.  My third grade teacher said that boys were better in math than girls.  Maybe he was right.”  Discuss how math anxiety is common for many students.

9.3:  Nine-Dot Exercise

Page 9-14

This exercise illustrates how previous experience influences our expectations and problem-solving abilities.  (Tell students that if they have done this problem before, they should come to the front of the class.)  After a few minutes note how students are doing.  You or one of the students who knows this exercise can illustrate the answer on the board.  Ask if there are other ways of solving this problem.  For example, one student may say that he would use a very large crayon and color all nine dots at once.  Another student may say that she would put the nine dots on a globe and rotate it while using a wide pencil.  These are examples of creative problem solving.  Discuss how we often place limits on ourselves when it comes to solving problems.  Ask students for examples.  Discuss the remaining strategies for enhancing and encouraging creativity and ask for other ideas.  Students can also find the answer to this exercise at this book’s Web site:  wwww.mhhe.com/ferrett5e 

9.4:  Brainstorming Notes

Page 9-15

This exercise will allow students to practice critical thinking and problem-solving skills.  Discuss brainstorming as a valuable tool for exploring many alternatives and discuss critical thinking as a tool for narrowing choices.  Ask students if they put limits on themselves by narrowing the choices or options available.

9.5:  Mind –Sets

Page 9-16

The purpose of this exercise is to illustrate how a person’s mind-set affects perception.  Ask students what they see in the figure.  Often students can see only the old woman or only the young woman; discuss the reasons why that may occur.

9.6:  Decision-Making Application

Page 9-18 and 9-19

This exercise will relate to many students who may have had to make similar decisions.  Have them discuss their thoughts in class or small groups.  Reinforce that no answers are wrong.

9.7:  Solving Problems and Making Choices

Page 9-20 and 9-21

This feature will help students understand that they make choices each day, and they can improve their decision-making abilities with practice and effort.  The simple six steps provide a guide to help students solve everyday problems.  Have students apply these steps to a problem they are currently dealing with in their lives.

Peak Progress

9.1:  Problem-Solving Checklist

Page 9-5

Tell students that they can use this checklist to prepare their minds for critical thinking and problem solving in any class.  Ask them to add to the list.

9.2:  Applying the Adult Learning Cycle to Overcoming Math and Science Anxiety

Page 9-13

This exercise shows students that they can overcome their anxiety if they analyze why this is a troubling area and determine strategies for improvement.

9.3:  Creative Ideas Checklist

Page 9-22

Have students use this checklist to challenge and expand thought patterns.  Ask them to add to this list.

Career in Focus

Creativity at Work

Page 9-23

How did Josef and Marina use creativity and critical thinking to improve their business?

Josef and Marina used creativity and critical thinking by brainstorming ideas to attract more customers.  They realized that their customers are all Russian and that the restaurant needed to attract other residents to increase business.  They decided to host an open house for all residents within a mile radius of the restaurant; they added a couple of popular American dishes to their menu, and they began to run ads in the local newspaper.  By brainstorming together, they targeted the problem and visualized ideas that would produce more business and generate a profit.

Peak Performer Profile

Scott Adams

Page 9-24

Of the twelve strategies on  pages 9-12 to 9-22, which one do you think has been most helpful for Scott Adams and why?

Answers will vary, but some students may note that using humor has been most helpful to Scott Adams for unlocking his mind’s creativity.  Despite setbacks early on and a former dull career, Adams used humor and his imagination to create Dilbert-a composite of the cubicle-bound, corporate workforce.  Adams’ humor, imagination, creativity, and perseverance have contributed to his success.

REVIEW AND APPLICATIONS NOTES

Potential answers to the Review Questions on Page 9-26.

1. How can you prepare your mind for problem solving?

Have a positive attitude, use critical thinking, and be persistent.

2. What are the attributes of a critical thinker?
A critical thinker has a willingness to ask pertinent questions and assess statements and arguments; has an ability to suspend judgment and tolerate ambiguity; has an ability to admit a lack of information or understanding; is curious and interested in seeking new solutions; has an ability to clearly define a set of criteria for analyzing ideas; and has a willingness to examine beliefs, assumptions, and opinions against facts.

3. Name five strategies for problem solving in math and science.

Answers can include making a model or diagram; creating tables, charts or lists; looking for patterns and connections; acting out the problems; simplifying the problems; translating the words in equations; making a reasonable guess; working backwards and eliminating; or summarizing in a group

4. Name five strategies for becoming more creative.

Answers should include five of the following: Use games, puzzles, and humor; challenge the rules; brainstorm; work to change mind-sets; change your routine; allow failure; expect to be creative; support, acknowledge, and reward creativity; use both sides of the brain; and keep a journal.

5. What are the steps to problem solving?

Know what the problem really is; list the things you know and don’t know about the problem, ask questions, and seek help; know the choices; think about the “good” and “bad” for the other choices and rank them from best to worst; pick your choice; after choosing, study what happens.

Revisualization

Page 9-26

Discuss the example listed and the importance of critical thinking and creative problem solving in the ABCDE method.
Case Study

Conquering the Fear of Failure

Page 9-27

The purpose of this case study is to have students use critical thinking for solving problems at school and at work.  Suggested answers follow.

In the Classroom

1.
Gloria needs to list her fears, assess her negative attitude and self-talk, and use critical thinking to assess if her fears are valid and realistic.  She may want to interview employees in her field and ask them how important sound decisions, judgment, and critical thinking and problem solving are in this job.  Once she sees the importance of this class and she creates a positive attitude, she will do well in school.

2.
In a small group, Gloria should list how she uses critical thinking and problem solving in her life.  She can also review the times she has not used critical thinking to make sound decisions and the consequences of her choices.  This exercise will highlight how important critical thinking and problem solving are for both school and job success.

In the Workplace

3.
Gloria must first see the importance of mathematics for opening doors and creating job opportunities.  She needs to see mathematics as skills to be learned, not as a barrier to avoid.  Once she has a positive and open attitude, she should review the checklist for mathematics found in Peak Progress 9.1 on page 9-5.  She should work closely with a study partner or team, see a tutor if necessary, go to every class, complete all the assigned homework, and work closely with her instructor.  Positive affirmations, regular reviews, and practice will help Gloria overcome her math anxiety.

4.
Gloria could use the following affirmations to help her develop a positive attitude about math:


-
I see the value in developing math skills.


-
Math skills open many doors.


-
I am good at math.


-
I like doing math problems.


-
I am persistent and work hard at math.


-
I have the ability to do well in math.


-
I like working in my study group in math.


-
It is exciting to overcome my fear of math.

WORKSHEETS

9.1:  Applying the ABCDE Method of Self-Management

Page 9-28

Students are given the opportunity to put their critical thinking and problem solving skills in action by working through a difficult situation they have faced.  They will focus on learning from their mistakes and determining the best course to a positive outcome.

9.2:  Problem Solving

Page 9-29

This application helps students define their problems and list possible solutions.  Stress the importance of practice in developing critical-thinking and problem-solving skills.

9.3:  Preparing for Critical Thinking

Page 9-30

This worksheet helps students develop a framework for solving daily problems.  Have them define an issue or problem and list alternatives and criteria to make a sound decision.

9.4:  You Can Solve the Problem:  Sue’s Dilemma

Page 9-31 and 9-32
Have students use this application as a guide to solve problems in their lives.

9.5:  You Can Solve the Problem:  Casey’s Dilemma

Page 9-33 and 9-34

Have students use this application as a guide to solve problems in their lives.

9.6:  Matrix for Critical Thinking

Page 9-35

This application will help students assess and develop critical-thinking skills.

Career Development Portfolio:  Assessing and Demonstrating Your Critical Thinking Skills
Page 9-36

This worksheet asks students to assess where and when they learned to make decisions.  Have them consider how they will demonstrate to prospective employers good critical-thinking and creative problem-solving skills.

ADDITIONAL ACTIVITIES

A note to the Instructor:  These activities are exclusive to this manual.  They are designed to meet the individual needs of your students.  If applicable, these activities can be assigned to pairs or groups of students.

Use Critical Thinking

Have students discuss an issue about which they feel strongly.  Encourage students to view this issue as critically as they can.  Have them try to determine effects of their beliefs in various aspects of their lives and discuss where these beliefs came from.  Let them decide if they have studied both sides of the issue. Ask students:

· Have you thought through your assignments, read the facts, and weighed all the issues?

· What fear may keep you from exploring other viewpoints and gathering the most up-to-date facts and information regarding controversial issues?

· Does the need to be right keep you locked in fixed beliefs?

Emotion and Need

This additional activity expands upon the emotional pull and persuasion of advertisement and literature.  Ask students to clip advertisements in magazines, newspapers, brochures, or flyers; or jot down a TV commercial that appeals to emotions and needs.  Discuss how these advertisements relate to Maslow’s Hierarchy of Needs Theory discussed in Chapter 2.

Problem Solving
Have each student write out a problem in his or her field of study and show alternatives.  For example: (Management) Suggest a number of alternate ways of increasing revenue within a department without laying off people.  (Medical) Suggest a number of alternate ways of treating cancerous tissue without injuring healthy tissue.

ADDITIONAL RESOURCES

Paustian, Anthony D. Imagine! Enhancing Your Problem-Solving and Creative Thinking Skills With Creativity Sprial. New York: Prentice-Hall, 1996.

Wandberg, Robert. Creative Problem Solving. Mankato, MN: Capstone Press, Inc., 2000.

Zachman, Linda, et al. 125 Ways to Be a Better Thinker: A Program for Improving Creative Thinking, Problem Solving, Decision Making, Critical Thinking. East Moline, IL: LinguiSystems, Inc., 1993.
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