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Project SHINE / SPIRIT2.0 Lesson: 

Can That Be The Answer?
==========================Lesson Header ==========================

Lesson Title: Can That Be the Answer?

Draft Date: 7/20/10
1st Author (Writer): Julie Kreikemeier

Associated Business: BD West and Vishay
Instructional Component Used: Engineering, Source of Error Analysis

Grade Level: 9-12

Content (what is taught): 

· Checking your work

· Checking for errors

Context (how it is taught):

· Leading questions and discussion by teacher
· Students investigate finding errors by checking other students work
· Students find errors in given problems and determine types of possible errors

Activity Description:

In this lesson, students investigate the importance of checking their work and checking for errors when they are given problems solved by other students and by developing their own problems and creating possible errors. 

Standards:

Technology: TF3
Math: MA2, MA3, ME1

Engineering:  EB6, ED1
                            

Materials List: 

· Individual White Boards

· Paper

· Exploring Learning Error Worksheet

· Organizing Learning Error Worksheet

· Understanding Learning Error Worksheet

Asking Questions: (Can That Be The Answer?)
Summary:  The teacher asks leading questions about the why, how, and who of checking work and checking for errors in everyday situations.

Outline: 

· Teacher asks students why it is important to check work or check for errors in everyday situations

· Teacher asks students if companies check their work or check for errors on a daily basis

· Teacher asks students for examples of checking work or checking for errors

Activity:  The teacher leads a discussion with the students on importance of checking work and checking for errors.  The teacher then leads the discussion towards how checking work and checking for errors is important to companies in order to show students how this content is used in the real world. 

	Questions
	Answers

	Why is it important to check your work or check for errors, whether it be on schoolwork or work done on the job or at home?
	It is important to check the work you have completed in order to make sure the product/answer makes sense or is applicable to the situation.  

	Do companies check their work/products, machines, and employees before their final products are sent out to customers? Why?
	Yes.  Companies check their products in order to make sure the product falls under the restrictions set for particular products.  Companies cannot send out defaulted products.

Example: BD West checks all of their needles before they are sent out to customers.  If they did not do this it could lead to a matter of life and death.  BD West also does a check on a certain time interval for other products in order to check work of machines and workers.  Vishay also checks products on a time interval to make sure the electrical components are made correctly by the machines and workers. 

	What are some examples of checking work or checking for errors?
	plugging the answer to problem back in to equation to make sure the answer actually works, checking a product to make sure machines or employees are doing the correct work to make product, reading through scenarios or papers to make sure all of the information needed is provided, double-checking the correct wires are connected in order to start a computer, car, or TV.  There could be a wide range of examples based on student experiences.


Exploring Concepts: (Can That Be The Answer?)
Summary:  Students will complete a problem involving long division of polynomials (or any problem that contains several steps when solving) as a team where each student completes a step and checks for incorrect work completed by other students. 

Outline: 

· Give students a problem involving long division of polynomials (or any problem that contains several steps when solving)

· Students work as team to solve the problem by using individual white boards or paper

· One student starts solving the problem by completing one step and then passes it to the next student in the team to complete the next step while also checking previous work for errors.  This step continues until the problem is solved. 

Activity:  A worksheet with problems for the activity is attached.  Have students sit in rows with the same number in each row if possible.  Then have students use individual white boards or a blank sheet of paper to complete a problem.  Give the students the problem.  Have each student do one step to start the problem then pass it back to the student behind them.  The student behind them must check the work of the previous student and then complete one more step to solve the problem.  If the step before theirs is incorrect, then they must fix it before completing their step.  This process is continued until the problem is solved.  It is important that each student checks all the steps before continuing with their step.  Complete about three to four examples this way.

Resources:
· Individual white boards and/or paper

Attachments:  E018-SHINE-Error_Analysis-E-worksheet.doc
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Instructing Concepts: (Can That Be The Answer?)
Error Analysis

Error Analysis or “troubleshooting” is a form of problem solving.  It can be thought of as part of the problem solving or engineering design process.  It is also an inportant part of scientific inquiry.  Troubleshooting is the logical process of systematically searching for the source of a problem or the error so that a solution can be found.  Error analysis is needed to maintain systems and locate the true cause of a problem when there are many possible causes.  

It is used in many diverse fields including: mathematics, science, engineering, electronics, computers, automotive repair, and medicine.  Troubleshooting is rooted in critical thinking and analysis skills.  Often the process involves simplifing the situation and using the process of elimination to eliminate probable causes and locate the root of the problem.  The end of the process is confirming that the problem has been located, a solution has been implemented and the situation has been corrected satisfactorily.

Steps for Error Analysis (Troubleshooting)

1. Establish if there is a problem or not.

2. Identify the affected area or where problem may be.

3. Establish what has changed.

4. Select most probable cause for error.

5. Implement solution to fix error.

6. Test the result.

Examples of Error Analysis (Troubleshooting)

It is not possible to list all applications for error analysis.  Below is a list of applications where troubleshooting applies to STEM concepts.

1) Check answers to mathematical expressions, equations, word problems, and geometry problems.

2) Look for errors in proofs.

3) In science, completing labs.

4) In engineering, checking work on designs to look for possible errors that may cause defaults in product.

5) In everyday world, counting change back, checking if bill is correct, etc.

6)  Companies check work at certain time intervals to make sure machines and employees are performing correctly and if not, then they have to find were the error has occurred in order to make the correct product. 

7) Electronic or automotive repair.

Final Thoughts

Troubleshooting is a skill that can be taught and learned.  Some individuals have a natural aptitude for this process.  They tend to have high problem solving and critical thinking skills.  However, that doesn’t mean that individuals without these skills cannot become good troubleshooters.  This process is one that students must be exposed to because like any other skill you must practice to become better.

Organizing Learning: (Can That Be The Answer?)
Summary:  The teacher will provide example problems for students to solve.  Each student chooses a problem to solve.  The students then solve the problem, but make an incorrect step while solving.  The students then pass their problem to another student for them to find the incorrect step and correct problem.  Then problem is then passed back to the original student to be checked to make sure the error and problem have been corrected.  

Outline: 

· Teacher provides examples of problems for students to solve

· Students pick a problem to solve

· Students perform one step of the solving process incorrectly and then continue solving the problem with the incorrect step

· Students pass their problem to another student in order for them to find the error and correct problem

· The problem then is passed back to the original student to make sure the error has been found and corrected

Activity:  Provide students with several types of problems to solve (see attached file: E018-SHINE-Error_Analysis-O-Error_wrksht.doc).  Have each student choose a problem to solve, but instead of solving problem correctly, the student needs to perform one step of the solving process incorrectly which will then lead them to the incorrect answer as they continue to solve the problem.  After the error is made and the problem is solved, have students pass their problem to another student.  This student needs to find the error and the correct answer to the problem given to them.  After the student finds the error and corrects problem, they will pass the problem back to the original student in order for this student to check if the error was found and corrected. This activity can be completed as many times as needed.

Teacher Tip:  To make this activity more advanced, students can make up their own problems to be solved rather than using the problems from the worksheet.

Attachments:  E018-SHINE-Error_Analysis-O-Error_wrksht.doc
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Understanding Learning: (Can That Be The Answer?)
Summary:  Students will complete short answer questions about possible errors that could be made, questions explaining errors, in addition to computation questions.

Outline: 

· Formative assessment of error analysis

· Summative assessment of error analysis

Activity:  Students will be assessed on error analysis by answering writing prompts and competing quiz questions.

Formative Assessment

As students are engaged in the lesson teacher walks around and ask these or similar questions:

1) What steps are used to find an error?

2) Is there more than one way to find an error?  Which are most effective?

3) Why do we check for errors?

Summative Assessment

Students can answer the following writing prompts:
1) Describe the process of error analysis.  What steps do you need to complete?

2) Cite an example outside of math where errors can occur.  State a possible error that can occur and how you can use the process of error analysis to locate the error.

Computation Questions

Students will complete quiz questions about error analysis.  The attached worksheet (E018-SHINE-Error_Analysis-U-Assessment.doc) has problems that can be used.  Directions are below:

1) Given 3 problems, students will analyze each problem to develop and explain an error that possibly could be made when solving that particular problem.  Students will then solve the problem using correct steps.

2) Given 2 problems that have incorrect steps throughout the solving process, students will find and explain each error and then solve the problem correctly.

3) Students will develop their own problem to analyze.  Students will create their own problem, solve the problem, and then write out the errors that other students may make during the solving process on that particular type of problem.

Attachments:  E018-SHINE-Error_Analysis-U-Assessment.doc
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