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Distance Match: An Introduction to Slope
Introduction - About the Mathematics 

A. Student Performance Objectives – TEKS Correlation


(A.1) Foundations of Functions: The student understands that a function represents a dependence of one quantity on another and can be described in a variety of ways.


(A)The student describes independent and dependent quantities in 
 
functional relationships.

(A.2) Foundations for Functions: The student uses the properties and attributes of functions.

 (B)The student identifies mathematical domains and ranges and     
  
 
     determines reasonable domain and range values for given situations, both 
    
     continuous and discrete

(C) The student interprets situations in terms of given graphs or creates 
situations that fit given graphs.


(A.6) Linear Functions: The student understands the meaning of the slope and intercepts of the graphs of linear functions and zeros of linear functions and interprets and describes the effects of changes in parameters of linear functions in real-world and mathematical situations.

(A) The student develops the concept of slope as rate of change and determines slopes from graphs, tables, and algebraic representations.

(B) The student interprets the meaning of slope and intercepts in situations using data, symbolic representations, or graphs.  

B. Critical Mathematics Explored In This Activity

In this activity, we are introducing the idea that the steepness of a graph is related to a rate of change. For example, “If I move faster, the graph is steeper,” is a response we want which shows the student has an intuitive concept of rate of change. We also want to review the concepts found in “Time Marches On.”

Teacher Perspective:
OBJECTIVE: The student will be able to interpret a graph, match the displayed graph using a motion sensor, and analyze data relationships to make predictions.

The function vocabulary that will be used includes the following: variables, dependent and independent variables, domain and range, x- and y-minimums and maximums, and slope.


Teacher Supplementary Comments:

For information on how the motion detector works, see the Teacher Supplementary Comments for TIME MARCHES ON.

This activity differs from the “Distance vs. Time” activity in that now we are requiring the students to be concerned about the rate at which they are walking. The rate at which a student walks will be reflected in the steepness of the graph drawn on the screen. A graph representing a constant walking rate will be a straight line. We call a constant rate of change a slope. This exercise has the student attempt to duplicate two positive slopes and a slope of zero (0).

During this lesson you should begin to use the word “slope” instead of “steepness.” 

Pre-Activity Demonstration:

Set up the experiment on the teacher station and project the teacher computer screen onto a screen for the entire class to see.  Set up the data collection as described in the student pages.  Make sure you have at least 4 meters to move away from the motion sensor so students can move backwards without any obstructions.   

Ask the students the following:


What is the title of the graph?
Which is the independent variable? ...dependent variable?
What is the scale of the grid for the x-axis? ...y-axis?

Ask for a student volunteer for your demonstration of matching the graph. The volunteer’s task is to move so that the graph of his/her movement matches the graph shown in their worksheet.  

Have the student volunteer try to match the displayed graph WITHOUT any clues. Discuss the student’s graph in contrast to the original graph.  
In your discussion, include questions such as:

How can you tell ... ... where is the starting point? ...when you stand still?
...when to move backwards? ...forwards? 

Is there anything in the graph that tells you how fast to move?

What in the graph tells you how long you should stand still, move backwards,...etc.?

What happens when you stand still?  (preparing for the concept of zero slope)

Before having the student volunteer try again, have him/her describe what his/her actions will be. Discuss his/her improvement.

Distribute the student activity worksheet and have students in small groups do the activity.
Note:  Your software may have an automatic graph matching component.  If so, you may wish to have the students use it to get some graph matching practice.  They will be able to see both the sample graph and their own graph on the computer or calculator screen at the same time, making it easier to mat.



C. How Students Will Encounter The Concepts

Students will be using a program similar to that used in the “Distance vs. Time” portion of the TIME MARCHES ON experiment. However, in this activity, a graph will be presented to the students. Students will be asked to walk while having their movement monitored by a motion detector. The graph of their walk will be drawn on the same grid as the given graph. The objective will be for the student to make the graph of his/her walk match the given graph.

D. Setting Up (before class)

Assemble a motion detector and graphing calculator or computer for each student group, making sure a data collection application or software is installed. 
E.  Answers and Notes for Questions and Procedures:



1.  We are checking to see if the pupils remember that the poster provides a good reflecting surface so the sound does not pass between the legs of the student. A female student wearing a long skirt or dress probably does not need the poster.

2-3. If the students have developed a conceptual understanding of the relationship between his/her movements and the graph, their graphs should be much closer to the original.  A perfect match is almost impossible.

4. Time is independent. Distance is dependent.  Time is what we’re controlling, distance is what we’re measuring (or other reasonable explanation).

5. The domain matches the scale interval for the x-axis: 0 to 10 (seconds). The range is 0.5 to 3 (meters).  

6.  Since the entire x-scale is used by the graph and most of the y-scale is used by the graph, the scales are appropriate for the graph. A student may suggest that the y-scale could be adjusted to more closely fit the y-values. This is not an incorrect suggestion.

7. When the student stands still, the graph becomes a horizontal line. This occurs because the student is neither increasing nor decreasing the distance from the motion detector.

8. If the student moves too slowly, his drawn graph should be less steep than the snapshot segment. If the student moves just right, the drawn graph should fit on top of the snapshot. If the student moves too quickly, the drawn graph is steeper than the snapshot.

9.  A.   Student is standing still.

     B.   Student is moving quickly away from the sensor at a constant rate.

    C.   Student is moving away from the sensor slowly at a constant rate,

    D.   Student is standing still close to the sensor.

    E.   Student is standing still farther away from the sensor.

    F.   If the graph is slanted downward, the student is moving toward the motion detector. Since the graph is straight, the movement is at a constant rate.

G.  If the graph is curved upward, the student is moving away from the graph, but the student is not moving away at a constant rate. The student is accelerating. 

Extensions

INTERNET RESEARCH

Find the speed limits on the interstate highways in different states for various vehicles such as 18- wheels trucks, buses and cars.  Write a report on your findings.

FIELD ACTIVITY

Using a stopwatch and premeasured distance, determine the speed in miles per hour of several cars driving by in front of your school.

INDIVIDUAL OR GROUP PROJECT IDEAS

Truckers earn their living by moving goods quickly along the nations highways.  Draw several graphs representing the distances a truck can travel at different rates of speed for constant periods of time.  For example, draw the graph of the distance traveled by a traveled by a truck traveling a 50 miles per hour for 1, 2, 3, 4, 5, 6, 7, and 8 hours.  Using the same scale, draw the graph of the distance traveled by a truck traveling at 60 miles per hour for the same periods of time.  Use several other speeds.


What do you notice about distance traveled at various speeds?


Describe the shape of each graph.


What do you notice about the steepness of the graph for different rates of  

         travel?
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