SPIRIT 2.0 Lesson: 
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Lesson Title:  Error Analysis

Draft Date: May 2012
1st Author (Writer): David Porter

Instructional Component:  Error Analysis

Grade Level: 4th-12th 

Content (what is taught):

· Error Analysis—a process of uncovering and solving problems
Context (how it is taught): 

· Students learn through real-life problem solving and/or work with a robot (CEENBoT)
Activity Description: Students will explore real-life situations in which problems exist.  Students will also get hands-on experience programming a robot and learning the variables/problems involved in precision control of the robot.  Students will seek to solve these problems using an error analysis approach.

Standards:

Math: ME1





Science: SA1, SA2

Technology : TA1, TB2, TB4, TC1, TC2, TC4, TD1, TD2, TD3, TD4, TF3

Engineering: EA1, EA6, EB4, EB6, EC1, ED1

Materials List: 

· Accident reports

· Error analysis handout (attached)

· Commander software instruction sheet (attached)

· CEENBoT

· AVR programmer

· Computer to use with the robot/programmer

Asking Questions: (Error Analysis)

Summary: Students are presented with real life problems and asked to explain/solve the problems.

Outline: 

· Opening story of a real-life problem

· Students challenged to explain/solve the problem

· Students think about other problem situations and begin to arrive at a process for analyzing and  solving problems

Activity: Tell the following story:  The teacher will tell a story to the class that has a problem or challenge in it.  As the story is told, students should be focused on the details of the story so that they can offer a potential solution to the problem.  For an example story, see attached file E033_Error_analysis_A_Stories.doc.  

The teacher could then ask students if they have any examples of when they or someone they know had a difficult problem which took some thinking and a few times to solve or the teacher could give a few quick examples such as the following to have the students discuss/solve (see attached file: E033_Error_analysis_A_Stories.doc).  These could be used in a 20-questions sort of game.  The teacher could conclude by asking for suggestions of an approach that could be used to solve these real-life types of problems. (See the “I” for Error Analysis suggestions.)

Attachment:

· [image: image1.png]


E033_Error_analysis_A_Stories.doc
Exploring Concepts: (Error Analysis)

Summary: Students will work in small groups in order to read and analyze an accident/tragic situation.  Students will report the causes of the accident and how it could have been prevented by using the error analysis handout.
Outline:

· Students will be divided into small groups

· Each small group will read and analyze the accident using the provided Error Analysis Handout
· Each group will report to the whole group, describing what occurred during the accident, the causes of the accident, and how it might have been prevented
Activity:  Small groups of students will be given copies of accident reports, findings, and an Error Analysis handout.  Students will read and analyze the incident and then report to the class about the analysis.  Following this, the teacher will discuss error analysis—where it is used and the steps to complete an analysis as outlined in the “I” component for Error Analysis.
Attachments: 

· E033_Error_analysis_E_Accident_Reports.doc (11 pages)

· E033_Error_analysis_E_O_Process.doc
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Instructing Concepts: (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 important 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 simplifying 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.

A Few 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 does not 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: (Error Analysis)

Summary:  Students will learn to program a robot.  They will be asked to command the robot to leave a space, travel a specified distance, and then return to the exact same location.  Difficulties in accomplishing this feat will be discussed.  Students will attempt to identify the primary cause of their difficulty in precise control of the robot.
Outline: 

· Students will be trained in the use of the CEENBoT Commander software

· Students will work to master precise control of the robot over a long distance

· Students will endeavor to understand the errors involved in their programming and seek to pinpoint the most likely cause of their error

Activity: Groups of students will be provided a CEENBoT and access to a computer that has CEENBoT Commander installed and an AVR programmer attached.  Students will then be instructed as to how to use Commander to get the robot to move.  See attached Commander instruction sheet.  Students will then be challenged to create a program to make the CEENBoT move forward at least 10 feet, turn 180 degrees and return precisely to its starting point.  Students will work and have varying degrees of success at completing the task.  They will find, however, that they are not able to get the CEENBoT to precisely duplicate its movements from one trial to another.  The teacher will then ask the students to discuss this in their small groups and arrive at explanations for this.  An error analysis handout will be provided to each group in their discussions.  Expected answers will range from a fault within the CEENBoT (quite unlikely) to the way in which the CEENBoT was aligned each time (possible).  
Teacher Notes: The actual primary reason for the disparity in results will most likely be the surface on which the trials were conducted as well as the nature of the CEENBoT’s motors/wheels.  Any irregularities in the floor (such as on carpet) will disturb the CEENBoT’s motion.  Additionally, the CEENBoT’s motors are quite powerful and will immediately begin turning the wheels once that command is given.  The amount of torque can easily overcome the available friction between the wheels and the floor, causing slippage (“peeling out” in miniature) of the wheels.  Together, these will disrupt the movement of the CEENBoTs.  

The teacher can help the students to uncover this themselves by asking them to repeat their task on different floor surfaces.  The student teams could also be initially given different flooring surfaces on which to work (smooth surfaces which enhance the slippage problem, irregular carpeting which increase the irregular-surface problem, and a surface such as slightly textured concrete (a sidewalk or playground) which may provide a more reliable material).  The results between groups could then be compared in order to help students arrive at the critical problem.

Extension Activity:

Students could then be challenged to solve this problem.  What could be done to make the results of the CEENBoTs programming more replicable?  This could be a more favorable surface, different wheel composition, a different way of controlling the motors (so that they start more slowly-such as moving more slowly), or other possible student answers.

Attachments: 

· E033_Error_analysis_O_Commander_Sheet.doc
· E033_Error_analysis_E_O_Process.do

Understanding Learning: (Error Analysis)

Summary: Students, either individually or in groups of two or three, will be provided several reality-based situations and an Error Analysis Handout.  They will conduct error analyses of each situation and explain what might have caused the described errors as well as how the problem could be solved.

Outline:

· Formative Assessment of Error Analysis

· Summative Assessment of Error Analysis

Activity: Students will complete written and performance assessments related to error analysis.

Formative Assessment: As students are engaged in the lesson ask these or similar questions:
1) Were students able to identify where problem was in the different scenarios?

2) Did students find a plausible solution for the problem?

3) Were students able to implement their possible solution?


Summative Assessment: Students can complete one of the following writing prompts.
Explain the key ideas relating to the process of error analysis and identify why the error analysis process is important.

Student can complete the following performance assessments:
Students can complete one of the attached scenarios by using the process of error analysis.  The students should write up a detailed explanation of the steps that they went through and provide a probable answer to the questions posed in the scenarios.

Attachment:
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E033_Error_analysis_U_Scenarios.doc
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