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About SPIRIT Lessons:  This is a sample lesson developed within the SPIRIT Project to help students examine mathematics concepts related to angles, velocity, and graphing. SPIRIT lessons are currently in "building block” format, which is in essence an educational activity that might be later turned into a more formal classroom lesson by a creative teacher. These SPIRIT “lesson building blocks” will soon be up on the web for the potential use of teachers as they try to prepare more formal educational lessons using the TekBot robotics platform.
I. Concepts Covered 

Mathematics
· Unit Analysis

· Conversion Factors

· Velocity Related Formulas

· Metric/Standard Measurement

· Unit Conversion

· Calculation with Decimal Numbers

Science

· Data Collection

· Friction
· Analysis

· Conducting an Investigation

II. Standards: (Standards for Mathematics)

 The students should: 

· recognize reasoning and proof as fundamental aspects of mathematics;

· make and investigate mathematical conjectures;

· develop and evaluate mathematical arguments and proofs;

· select and use various types of reasoning and methods of proof.
· understand measurable attributes of objects and the units, systems, and processes of measurement:  

· understand the need for measuring with standard units and become familiar with standard units in the customary and metric systems;

· carry out simple unit conversions, such as from centimeters to meters, within a system of measurement;

· understand that measurements are approximations and how differences in units affect precision;

· develop strategies for estimating the perimeters, areas, and volumes of irregular shapes;

· select and apply appropriate standard units and tools to measure length, area, volume, weight, time, temperature, and the size of angles;

II. Standards: (Standards for Science)

The students should:

· Identify questions that can be answered through scientific investigation

· Design and conduct a scientific investigation

· Use appropriate tools and techniques to gather, analyze and interpret data
· Develop descriptions, explanations, predictions and models using evidence
· Think critically and logically to make the relationships between evidence and explanations
· Develop an understanding of motions and forces and interactions of energy and matter
III.  Learning Activity Context (Describe the overall context for the learning activity)

The class will begin with a brief discussion of appropriate units of measure. Students will be divided into four groups, each with a TekBot. Using a stopwatch and measuring tape, students will measure the time it takes for the TekBot to travel whatever distance they have deemed appropriate. They will then calculate the speed in the units they have chosen.

The students will come back together as a large group and we will work on converting from the units they have chosen (probably inches or feet per second) to other units, both within standard and metric systems. Information would be recorded in the engineering notebook.
The "Factor-Label" Method
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The ‘factor-label’ method illustrated above involves taking that which is ‘given’ and multiplying by ‘one’. The ‘one’ contains a fraction which has a numerator equal to the denominator. Each succeeding denominator must have the same label as the preceding numerator in order to cancel those labels out. Continue adding ‘ones’ until the proper labels are obtained.
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This activity can be expanded by creating an obstacle course using masking tape for boundaries and including small ramps, speed bumps (taped-down pencils or markers work well), and a variety of angled turns. Drive the TekBot through the course while timing each run. Have each student team calculate the average time required to complete the course. Record all data, either in notebooks or on the board/overhead, and create a bar graph to represent each run through the course. Measure the perimeter of the course, then find the TekBot’s speed in feet/second or cm/s and convert to miles/hour or km/hr.   

Later, challenge students to design their own course with a given perimeter and/or area using metric units. Create scale drawings on graph paper; construct actual courses as time and space permit. The challenges might include ramps and other obstacles.

IV.  Teacher and Student Suggestions/Tips

a. In most Pre-Algebra textbooks these skills are taught in the chapter on ratios and similarity. Students should have some prior experience with ratios as well as with measurement. The physical act of measurement might be difficult for them. If the classroom floor is made of one foot square tiles, students can use the tiles as a natural grid to aid in measurement.
b. It would be helpful to talk about some speeds they are familiar with to give them points of reference such as driving 55 miles per hour on the highway or 25 miles per hour in the neighborhood.

c. Students may be surprised if they convert times for sprint events from Track and Field competitions to miles per hour. Can people really run that fast for a sustained period of time?  Search for school, national and/or world records as a basis for times.
d. Prior to developing this lesson, it will be necessary to provide students with opportunities to gain skill in driving and steering the TekBot. Each of the previously suggested measurement activities can also be done during this preliminary phase. It would be useful to have other seatwork or central activities available during these lessons, to maximize student engagement when they are waiting for their team’s turn with the TekBot.
V.  Teacher Questions 

· Do the units you are using change the actual speed of the TekBot?
Answer: The units are like nicknames – they don’t change how fast it is going, units  just change the number value and labels.

· Would miles per hour be an appropriate unit of measure? Explain.
Answer: The TekBot moves too slowly for miles per hour to be appropriate. Try to select a unit so that the measurements are whole numbers between 1 and 1000.

· Does the surface the TekBot is driving on make a difference in its speed?
Answer: Yes, a rough surface will add friction or drag which will slow down the TekBot, also the TekBot may bounce around which could cause a zig-zag motion. A sloping surface will also slow down the TekBot.

· What are some advantages/disadvantages to using the metric system versus other standard units of measure? 
Answer: The metric system involves decimal numbers which makes it easier to use with a decimal calculator. People in this country are less familiar with the metric system and may have difficulty relating to metric length and speed.

· What is the average speed of the TekBot through the course? What is the range of the data? Identify the median and mode of the data. Design a course that has the same perimeter and obstacles as the one you used, yet would likely lead to a faster speed. Given the perimeter and obstacles used, how could you change the course to make it more challenging?

VI.  Assessment Ideas

· Student comprehension could be assessed initially by checking for understanding as students practice some sample problems – formative assessment, etc. If there are gaps, further practice could be done before moving on.

· There would be additional problems assigned for homework and it could be tested on both quizzes and tests – summative assessment. This is a concept that is routinely tested on our standardized tests.

VII.  Other Information

VIII. A materials list

A stop watch

Masking tape

Measuring tape

TekBots

Graph paper

Notebooks
100 cm





5 sec





2.54 cm





1.0 in





12 in





1.0 ft
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