Laboratory #7

Measuring Stride Distance to Determine Relative Speed of Exit

Introduction:

By measuring the distance between footprints left at the crime scene, you should be able to determine if this distance increases, decreases or stays the same.  Depending on the results of your measurements, you can determine the relative speed of the suspect's exit from the crime scene.  The graphing calculator will help you find your average stride length. 

Materials:

1 CBR™  



1 TI-73 calculator for each participant

Masking tape



Post-It Notes

Permanent marker


Footprints left at crime scene

Setup:
Area
· In the area you will notice several footprints that were left by the perpetrator.  The distance between the footprints (stride distance) varies.  Measure the distance from the heel of the first footprint to the heel of the last footprint and record this distance in meters.  Place a piece of masking tape alongside the footprints and mark the tape at intervals corresponding to the heel of each footprint.

CBR™ & TI-73 Calculator

· Plug the CBR into the TI-73 calculator with the link cord.

· Turn calculator on.

· Press the ( key and select the CBL/CBR app.  Press  (.

· Press any key and select 1) Gauge.  Press (. 

· Set up the screen as shown below
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Procedure:

1. Everyone in the group should first practice to establish their normal walking pace before actually collecting any data. 

2. Decide who will be the first pacer.  Any other group member(s) will be distance recorder(s).

3. Pacer should stand with his or her heel at the same point as the heel of the first footprint left by the perpetrator.  (The initial distance from the first footprint is thus zero meters.)

4. Distance recorder(s) should be positioned on the floor alongside the perpetrator's footprints. 

5. Pacer begins walking, being careful to step into the footprints as exactly as possible until he or she is just past the last footprint and/or the end of the tape.  The distance recorder(s) should insure that the heel position of each step is aligned with the heel marks left by the perpetrator and the corresponding marks made on the masking tape.

6. Describe the pattern of the marks you observe into the DATA RECORDING section (question #1).

7. Pacers now stand at the first mark or footprint, facing the closed door while holding the CBR and the calculator waist high and steady.  Sensor should be unobstructed and aimed straight at the door.

8. The pacer arrows down to Go, presses ( and watches the calculator screen.  When the distance reading stabilizes, the pacer reads the distance aloud.  All group members should record this distance in Chart 1 for Pacer #1. 

9. Repeat step 8 and wait for the distance reading to stabilize for Pacer #1’s steps (each mark on the tape) until each step and distance is recorded.

10. Repeat steps 3 - 9 of procedure for each member of the group  (Pacer #2, Pacer #3, Pacer #4, etc.).

Data Recording:

1. Record the pattern formed by the footprints and/or the markings on the tape.

2. Record step and distance data for all group members.  Write data as ordered pairs (STEP,DIST) in the third column.


CHART 1

PACER #1




PACER #2
	STEP
	DIST
	Ordered Pair (x,y)
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PACER #3




PACER #4

	STEP
	DIST
	Ordered Pair (x,y)
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Analysis:

1. Complete the table, calculating differences  

	Step 1 distance =
	Step 0 distance =
	Difference =

	Step 2 distance =
	Step 1 distance =
	Difference =

	Step 3 distance =
	Step 2 distance =
	Difference =

	Step 4 distance =
	Step 3 distance =
	Difference =

	Step 5 distance =
	Step 4 distance =
	Difference =

	Step 6 distance =
	Step 5 distance =
	Difference =

	Step 7 distance =
	Step 6 distance =
	Difference =

	Step 8 distance =
	Step 7 distance =
	Difference =

	Step 9 distance =
	Step 8 distance =
	Difference =

	Step 10 distance =
	Step 9 distance =
	Difference =


2. Find the sum of the differences in the third column:    ____________________

3. What does this sum represent? 

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

4. How many differences did you calculate?   ___________

5. Divide the sum of your differences by the number of differences you calculated.  Write your answer in the box. 




6. What does this quotient represent?  _________________________________________________________________________________________

_________________________________________________________________________________________

7. Describe how this quotient compares with or relates to the pattern of markings you observed on the tape.

____________________________________________________________________________________________________________________________________________________________________________________

Further Analysis--  Using a Scatter Plot:
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1. Plot your ordered pairs (STEP,DIST) on the labeled axes below to create a scatter plot.

2.
This scatter plot can be seen in the graphing calculator.  Press ( and arrow up to the title bar for the first list (L1), press ( [INS] and type the list’s name as STEP and press (.   Arrow over to the title bar for the next column, press ( [INS] and type this list’s name as DIST (for distance) and press (.  Enter your data from data recording into these lists. 

3. Press ([PLOT].  Set up Plot1 as shown
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4. Press ( and set the dimensions for your data.  Press (. Compare what you see on the screen with the scatter plot you constructed by hand.
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5.  Compare your calculator scatter plot with your classmates.  Describe how they are alike and how they differ.

Analysis Extension--  The Line of Best Fit and its Equation

1.
Draw a “best-fit” line through the data points on your hand-drawn scatter plot.

2. To see the calculated line of best fit press ((( to the CALC Menu, and select 5: LinReg, or 3:Manual-Fit.  Then press (( and select the list STEP,  (,  press (, (( and select the list DIST and (.  LinReg(ax+b)  LSTEP, LDIST

3. The variable a represents ________________________ or  ____________________

4. 
The variable b represents _________________________ or  ____________________

5.
What is the equation that best describes the data that you collected?  Write it in the box. 


[image: image4.wmf]
6.
Press (.  Enter your equation. Press ( to see the TI draw its calculated line of best fit. 

7.
Press ([TABLE] to see an extended table of your data.   If the perpetrator took 20 strides, what distance would he/she have covered?  ______________.

Conclusion:

Describe the relative speed at which the perpetrator left the room.  Can you draw any conclusions from your measurements?

Going Further:

1. What effect would a different starting point have on this activity? 

2. Collect and analyze data to discover if there is any relationship between stride length and height (or shoe size or leg length).

3. Investigate the practical application of this type of mathematical model by criminal investigators, anthropologists, or paleontologists.

4. What would the plots look like if the perpetrator were in a hurry? Moving very slowly? Speeding up?
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