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Heart Rate and Exercise (Cycling) 
tEACHER Notes
1.
LabQuest App 2.1, or newer, is needed if you are using a LabQuest 2. If you have an original LabQuest, you need to have LabQuest App version 1.7 installed. An update can be downloaded from the Vernier web site.
2.
The Goniometer comes with a set of elastic hook-and-loop straps that are used to attach the sensor to the subject. The elastic straps should always be used to attach the stationary arm of the sensor to the upper leg. If the subject is wearing running tights, you can also use hook-and-loop tape to attach the flexible arm of the Goniometer to the subject's clothing. The company 3M sells tape that is 1-inch wide that works well for this application. The hook-and-loop tape is called a Dual LockTM Reclosable Fastening System. The order code is 3M# S-15826. 
3.
You can increase the length of the 14-inch strap if it is too short to comfortably wrap around the foreleg. Thread the second 14-inch strap through the eyelet of the first strap. Fold the second strap over itself so that the hook-and-loops lock. This will increase the length of the strap by 8 inches. 
4.
The Goniometer comes with a set of flexible arms that vary in size. For subjects with smaller limbs, you may want to use one of the smaller joint arms on this sensor. To change the flexible arm, simply loosen and remove the screw that secures the arm to the dial. Select the appropriate joint arm and fasten it to the sensor with the screw provided. Verify that the terminal edge of the joint arm is aligned with the set screw on the side of dial. Reposition the flexible arm of the Goniometer if necessary. Follow the directions for calibrating the sensor that can be found in the sensor booklet.
5.
You can easily reverse the reporting direction of the Goniometer if it is attached to the left leg. Tap the angle reading in the Meter tab. Choose Reverse Direction and select the box for the Goniometer.
6.
The Exercise Heart Rate Monitor, which consists of a chest belt and a plug-in receiver, measures heart rate by detecting the electrical impulses of the heart through a belt worn around the chest and relaying the information to the plug-in receiver. 

7.
When using the Exercise Heart Rate Monitor there will be a 15 s delay while data are collected before the first point is plotted on the heart rate graph. Thereafter, a point will be plotted every 5 s. 

8.
The receiver module of the Exercise Heart Rate Monitor will receive signals from the closest transmitter source. This may result in an apparent doubling of the subjects’ heart rates. To avoid confusion or erroneous readings, have test subjects from different lab teams maintain a distance of at least 2 m from each other.

9.
It is important to have good contact between the transmitter belt and the test subject when using the Exercise Heart Rate Monitor. It is very important that the belt fits snugly. Both electrodes should be wetted with either saline solution or contact lens solution. A 5% salt solution works well and can be prepared by adding 5 g per 100 mL of solution. 

10.
Symptoms of inadequate contact with the electrodes are a noisy signal with erroneous peaks, missing heart beat readings, or a flat-line display. If the students receive a flat reading with no heart rate detected, have them move the transmitter and receiver closer together. The range of the transmitter in the chest belt is 60–80 cm. 

SAMPLE DATA

	Table 1- Heart rate

	Pace 
	Heart rate (bpm)

	Slow 
	103

	Medium
	121

	Fast
	154


	Table 2 – ROM

	Pace 
	Maximum angle (º)
	Minimum angle (º)
	ROM (º)

	Slow
	114.2
	33.2
	81.0

	Medium
	114.9
	40.9
	74.0

	Fast
	120.9
	49.8
	71.1


	Table 3 – Cadence

	Pace 
	Period (seconds/revolution)
	Frequency (revolutions/second)
	Cadence (revolutions/minute)

	Slow
	1.067
	0.937
	56.2

	Medium
	0.714
	1.401
	84.1

	Fast
	0.508
	1.967
	118.0


ANSWERS TO THE DATA ANALYSIS QUESTIONS

1.
Results will vary. For the sample data, the mean heart rate at the slowest pace was 103 bpm. The subject’s heart rate increased as the pace increased. 
2.
Results will vary. For the sample data, the heart rate increased 17.5% when cycling at a moderate pace and 49.5% when cycling at a fast pace. 
3.
Results will vary. For the sample data, the subject’s ROM at the slowest pace was 81.0º. The subject’s ROM appeared to decrease as the pace increased. 

4.
Results will vary. For the sample data, the subject’s ROM decreased 8.6% when cycling at a moderate pace and decreased 12.3% when cycling at a fast pace. 

5.
Results will vary. For the sample data, the subject’s cadence was 56.2 revolutions/minute at the slow pace. The subjects cadence increased as the pace increased. 
6.
Results will vary. For the sample data, the cadence increased 49.6% when cycling at the moderate pace and 110% when cycling at the fast pace.
7.
Results will vary. Different students will have different fitness levels and different leg lengths which will lead to differences in all of the aforementioned parameters that are measured in this experiment. 
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