Exercise and Heart Rate
Your heart is a pump in your chest that works all day, every day. It is part of your cardiovascular system, which also includes your blood vessels and blood. The cardiovascular system transports oxygen, food, and cellular products, such as insulin, to cells in your body. It also carries away cellular wastes. The systems of the human body strive for equilibrium. They work together to maintain normal conditions inside your body. During exercise, your muscles use more oxygen and generate more carbon dioxide than normal. Your brain senses this change and increases your breathing and heart rate to deliver oxygen-rich blood more quickly. When you finish exercising, your breathing and heart rate slow down. The heart rate of a physically fit person increases less during exercise and returns to normal more quickly than that of a less fit person. 

One way you can investigate your heart’s health is to count the number of times your heart beats in one minute. You may have done this before by lightly resting your fingers on your neck or wrist. It is called “taking your pulse.” In this lab, you will use an electronic heart rate monitor. You will investigate the heart rates of you and your classmates while at rest and while exercising. You will use a graphing calculator to display and analyze your data.

	What You’ll Investigate
	Goals
	Materials

	
	
	

	•
What is your resting heart rate?

•
What effect does exercise have on your heart rate?

•
How long does it take your heart rate to return to normal after exercise?


	Collect heart rate data.

Observe and measure the effect of exercise on heart rate.

Compare and analyze heart rate data using statistics.


	Data-collection interface
TI-83 Plus or TI-84 Plus graphing calculator
link cable

EasyData application
Vernier Hand-Grip Heart Rate Monitor

Dropper bottle w/saline solution
stopwatch



Safety Precautions

· Inform your teacher if you have any health condition that might be aggravated by physical exercise. 

· If during the exercise portion of this activity you feel dizzy, faint, or unwell, stop to rest and tell your teacher.

Pre-Lab

1.
Predict your own heart rate in beats per minute.

2.
Examine the heart rate monitor. How do you think it works? 

3.
How can you compare the data for the whole class?
Part A: Preparing for Data Collection
1.
Turn on the calculator. Connect the Conductivity Probe, calculator, and data-collection interface as shown in Figure 1. Set the range switch on the Conductivity Probe to 0–20,000 µS. 

2.
Set up EasyData for data collection

a. Start the EasyData application, if it is not already running. 
b. Select [image: image1.png](File)



 from the Main screen, and then select New to reset the application.

Figure 1

.   
Part B: Collecting Data

 1.
Pick up the Hand Grip Heart Rate Monitor. The hand grip with a white arrow should be placed in the left hand. Align your fingers with the finger markings on the hand grip electrodes.
 2.
Sit down. The left hand grip and the receiver are both marked with an alignment arrow. When collecting data, be sure that the arrow labels on each of these devices are in alignment and that they are not too far apart. The reception range of the plug-in receiver is 80–100 cm, or about 3 feet.

 5.
Sit down and remain quiet for one minute to establish normal pulse and to ensure that the monitor is working. 

 6.
Your partner should select [image: image2.png](Start |



 on the graphing calculator and start the stopwatch at the same time. 

 7.
Sit quietly for 150 seconds.

 8.
When 150 seconds have elapsed, begin to exercise by stepping up onto the step and down again. Always place one foot and then the other completely on the surface of the step and floor. Exercise at a relaxed, even pace for 150 seconds.

 9.
When 150 seconds of exercise have elapsed, sit and rest quietly for 200 seconds. When finished, select [image: image3.png][ Stop |



 to stop data collection.

10.
Sketch this graph in your Science Journal. Include a title, labels, and units for the x- and y-axis.
Part C: Examining the Data

 1.
Select [image: image4.png]


 and choose Statistics….
 2.
Select [image: image5.png]


 to set the left statistics boundary at the beginning of the initial resting phase. Press [image: image6.png]


 to move the blinking cursor to the end of the resting phase at about 150 seconds. Select [image: image7.png]


 to set the right statistics boundary
 3.
The Statistics Results are displayed. Record the mean resting heart rate, rounding to the nearest whole beat per minute (BPM), in Data Table 1. Select [image: image8.png]


 to return to the Graph screen.
 4.
Repeat Steps 1 – 3 to determine the mean exercise heart rate.
5.
Press [image: image9.png]


 or [image: image10.png]


 to move the blinking cursor to the highest point on the graph. Record the y-value (maximum heart rate) and x-value (time) for the highest point in Data Table 1.
6.
Press [image: image11.png]


 to find the time when your heart rate had returned to its normal resting rate (to within 5 BPM). Record this time, then subtract the time for the maximum heart rate to calculate your actual recovery time.
7.
Calculate your maximum exercise heart rate and your exercise intensity level using the formulas in Data Table 1.

8.
Repeat Parts B and C for other members of your group.

9.
When you are finished with the graph, select [image: image12.png][ Main |



 to return to the Main screen. 
10.
Select [image: image13.png][ Quit )



 and then select [image: image14.png]


 to quit the EasyData application. A message indicates that the collected data has been stored in calculator lists.
Data Table 1: Heart Rate Monitor Experiment

	Student:
	A
	B
	C

	Mean resting heart rate (mean BPM over the first 150 seconds)
	90 BPM
	
	

	Mean exercise heart rate (mean BPM over the second 150 seconds)
	134 BPM
	
	

	Maximum heart rate (BPM)
	142 BPM
	
	

	Time at maximum heart rate (seconds)
	300 s
	
	

	Time of return to mean resting heart rate (seconds)
	360 s
	
	

	Recovery time (seconds)
	60 s
	
	

	Maximum exercise heart rate (MEHR = 220 – your age)
	175 BPM
	
	

	Exercise intensity level (%) = (exercise heart rate/MEHR) x 100
	77%
	
	


Cleanup and Disposal

1.
Turn off the graphing calculator and disconnect the sensor and Data-collection interface.

2.
Return the data-collection equipment as directed by your teacher.

Conclude and Apply

1.
Describe the effect that exercise had on your heart rate.

Answers should reflect that exercise increased heart rate, perhaps including the amount or percentage of increase. 
2.
Share data with your classmates for resting heart rate, exercise heart rate, and recovery time. Design a data table to organize this information. 

Check students’ tables.
3.
With your lab partners, divide the responsibility for constructing a histogram of the class data for each variable: resting heart rate, exercise heart rate, and recovery time. Your teacher may give you directions for using the graphing calculator to do this. 


Instructions for creating a histogram are given in appendices A and B.
4.
Determine the minimum, median, maximum, mean, and mode for each data set from the class. Record these in Data Table 2. Your teacher may give you directions for doing this with thegraphing calculator. 


Instructions for determining statistics are given in appendices C and D.
Data Table 2: Class Statistics

	
	Resting Heart Rate (BPM)
	Exercise Heart Rate (BPM)
	Recovery Time (seconds)

	Minimum
	
	
	

	Median
	
	
	

	Maximum
	
	
	

	Mean
	
	
	

	Mode
	
	
	


5.
You can visually display information such as you have in Data Table 2 using a box plot. Your teacher may give you directions for making a box plot using your graphing calculator. Compare and contrast this method of displaying data with the “data table method” used in Question 4.


Instructions for creating a box plot are given in appendices C and D.
6.
What can you conclude about heart rate among members of your class? 

Answers will vary but should directly relate to the actual class data.
7.
Research to find information about the assessment of physical fitness and improving physical fitness. Write one to two paragraphs reflecting on your own physical fitness. Include data from this activity. Set a specific goal for yourself related to maintaining or improving your cardiovascular health.

