The Human Body – a Lean Mean Exercise Machine
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Typical Heart Rate Experimental Data
The following experimental data was collected from a group of children, both boys and girls, between the ages of nine and eleven.  The data has been provided for you to use in your teaching, so please feel to use it to help your class understand how the heart works.  I have also shown the types of analysis that you can carry out and the graphs that you can plot with your own experimental data.

Heart rate variation

If you measure the heart rate of all the children in the class you will see that they vary.  This is a consequence of the fact that we are all different (known as biological variation).  However, it is also due to additional factors, for example if some of the children have been running around the playground then their heart rate will be higher then children who did not run around.  Table 1 contains experimental data for a group of children.  The data has been entered into the table as each measurement was taken and the results are not in any particular order.  This is the type of data that you would expect to get with your class.

The first question to ask is what can the data tell us?  Well, in its current form not all that much.  About the only thing you can do is calculate the mean heart rate.  For these data it is 87 beats per minute.  What you can do, however, is re-arrange the data so that the heart rates values are in order.  If the children input the data into a spreadsheet on the computer this should be relatively easy.  Table 2 shows the same data, but with the heart rate values in ascending order.  Now the data can tell us how the heart rate values vary.  You can get the children to count up the number of children with a heart rate value in a given range, e.g. 80 to 89 beats per minute.  If they do this for a number of ranges then this will give you an idea of the variability in heart rate.  Next to table 2 I have written some appropriate ranges and counted the number of children in each.  You can see that the greatest number of children is in the 80 to 89 beats per minute range, and we would expect this, as the mean heart rate is 87 beats per minute.  Either side of this range are 7 and 8 children, and then the number of children falls as we move away from the mean.  This tells us that most children have a heart rate close to or in the expected range, and the further away from the expected range you get the fewer children there are.  How can the children look at this in an easy format?  The easiest thing to do is to plot a histogram.  This is a form of bar chart.  On the Y-axis you should plot the number of children, while the heart rate ranges go on the X-axis.  This shows the children the variation in the data.  I have plotted the histogram for these data as Figure 1.  In addition to helping children understand heart rate variation carrying out this type of analysis will also help them with additional skills such as entering data into the computer, mathematics and plotting graphs.  

Figure 1: Histogram of heart rates
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Do you think that identical twins would give the same heart rate measurements?  The answer to this is no, they would not have the same heart rates.  There are many external factors that can alter heart rate.  For example has one twin drunk some cola, has one done some exercise?   

Table 1: Resting heart rates
	Name
	         HR (bpm)

	Alex
	82

	Mark 
	84

	Anne
	98

	Tom
	112

	Christine
	97

	James
	93

	Holly
	91

	Richard
	87

	Douglas
	112

	Edward
	87

	Claire
	79

	Sumayer
	80

	David
	72

	Henry
	57

	Seamus
	94

	Hope
	89

	Jacqueline
	89

	Michael
	74

	Rosie
	80

	John
	72

	Katheryn
	82

	Laura
	68

	Mark
	104

	Emma
	91

	Megan
	60

	Alistair
	104

	Patrick
	110

	Lougie
	85

	Rebecca
	82

	Anthony
	108

	Rosanna
	79

	Ciaran
	95

	Ryan
	96

	Sarah
	77

	Jamie
	88

	Siobhan
	83

	Thomas
	84

	Rachel
	79



Table 2:  Heart rates in order
	Name
	                         HR (bpm)
		
	Henry
	57
		50 -59 bpm       
	  1 child

	Megan
	60
			
	Laura
	68
		60 -69 bpm       
	  2 children

	David
	72
			
	John
	72
			
	Michael
	74
			
	Sarah
	77
			
	Claire
	79
			
	Rosanna
	79
			
	Rachel
	79
		70 -79 bpm       
	  7 children

	Sumayer
	80
			
	Rosie
	80
			
	Alex
	82
			
	Katheryn
	82
			
	Rebecca
	82
			
	Siobhan
	83
			
	Mark 
	84
			
	Thomas
	84
			
	Lougie
	85
			
	Richard
	87
			
	Edward
	87
			
	Jamie
	88
			
	Jacqueline
	89
			
	Hope
	89
		80 -89 bpm       
	  14 children

	Holly
	91
			
	Emma
	91
			
	James
	93
			
	Seamus
	94
			
	Ciaran
	95
			
	Ryan
	96
			
	Christine
	97
			
	Anne
	98
		90 -99 bpm       
	  8 children

	Mark
	104
			
	Alistair
	104
			
	Anthony
	108
		100 -109 bpm       
	  3 children

	Patrick
	110
			
	Tom
	112
			
	Douglas
	112
		110 -119 bpm       
	  3 children


	
	
	


Effect of exercise on heart rate

The role of the heart is to pump blood around our body.  Within the blood is oxygen and nutrients that are needed to produce energy.  However, when we exercise we need more energy, for example in running the muscles in our legs need more energy.  To get more energy we need more oxygen and nutrients, and therefore we need to pump blood around the body faster.  The body does this by increasing heart rate.  Let us think about this in another way using numbers.  

· Every time the heart beats (contracts) it squeezes 70 mls of blood out into the body.  This is known as the stroke volume.

· A rest, adults have an average heart rate of 72 beats per minute.

· Therefore the amount of blood pumped out of the heart and around the body at rest in one minute is 72 X 70 = 5040 mls/min  (or 5.04 litres/min).  This is known as the cardiac output.

· During exercise heart rate goes up.  Let us assume that it increases to 150 beats per minute.  The cardiac output is now 150 X 70 = 10,500 mls/min (or 10.5 litres/min).  

· Therefore the amount of blood pumped around the body in one minute doubles during exercise.

· As the total amount of blood remains the same, then the only way this can happen is if the blood moves faster.

The following experimental data was obtained from the same group of children.  Heart rate was measured at rest, on anticipation of exercise and then after one minute of star jumps (see heart workbook for details).  Table 3 shows the heart rate values obtained, the difference in heart rate between rest and anticipation of exercise and the difference in heart rate between rest and exercise.  I have not put instructions for the anticipation of exercise into the practical workbook.  It can be quite difficult to get anticipation to work, as the children already tend to be thinking about exercise when you measure their resting heart rates.   

What can these data tell us about the effect of exercise on heart rate?  The easiest thing to do is to look at the mean heart rate values.  Get the children to calculate the mean heart rate at rest, on anticipation of exercise and then after one minute of exercise.  Plot these three values on a bar graph, like the one shown in Figure 2.

Table 3: Effect of exercise on heart rate
	
	Rest
	Anticipation
	Difference
	Exercise
	Difference

	Henry
	72
	76
	4
	87
	15

	Megan
	116
	120
	4
	175
	59

	Laura
	79
	84
	5
	96
	17

	David
	97
	99
	2
	100
	3

	John
	90
	93
	3
	176
	86

	Michael
	67
	75
	8
	132
	65

	Sarah
	115
	116
	1
	176
	61

	Claire
	82
	83
	1
	141
	59

	Rosanna
	95
	98
	3
	113
	18

	Rachel
	82
	87
	5
	136
	54

	Hattie
	77
	82
	5
	96
	19

	Rosie
	105
	110
	5
	153
	48

	Alex
	79
	82
	3
	90
	11

	Katheryn
	99
	102
	3
	152
	53

	Rebecca
	82
	89
	7
	156
	74

	Siobhan
	87
	94
	7
	170
	83

	Mark 
	82
	94
	12
	128
	46

	Thomas
	98
	76
	-22
	172
	74

	Lougie
	80
	92
	12
	132
	52

	Richard
	95
	115
	20
	141
	46

	Edward
	79
	128
	49
	144
	65

	Jamie
	80
	76
	-4
	100
	20

	Jacqueline
	85
	88
	3
	172
	87

	Hope
	91
	130
	39
	177
	86

	Holly
	83
	89
	6
	168
	85

	Emma
	77
	81
	4
	165
	88

	James
	87
	87
	0
	111
	24

	Seamus
	84
	92
	8
	122
	38

	Ciaran
	93
	82
	-11
	185
	92

	Ryan
	87
	92
	5
	170
	83

	Christine
	91
	93
	2
	124
	33

	Anne
	90
	94
	4
	176
	86

	Mark
	100
	101
	1
	160
	60

	Alistair
	84
	85
	1
	166
	82

	Anthony
	64
	108
	44
	167
	103

	Patrick
	72
	88
	16
	151
	79

	Tom
	84
	91
	7
	147
	63

	Douglas
	86
	97
	11
	173
	87


Mean heart rate at rest = 87 beats per minute

Mean heart rate on anticipation = 94 beats per minute

Mean heart rate on exercise = 145 beats per minute

Figure 2:  Effect of exercise on heart rate
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This bar graph shows the full heart rate range from 0 to 150 beats per minute.  However, heart rate values would not be expected in the lower range.  Therefore we can re-plot this graph over a reduced heart rate range, 60 to 150 beats per minute.
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The data in the table and on the graphs tell us two things.  

1) When we exercise our heart rate goes up.  For these children heart rate increased from 87 beats per minute to 145 beats per minute, an increase of 58 beats per minute.  Remember, this means that we can move blood faster around the body, supplying the tissues with more oxygen and nutrients to make more energy.

2) Just thinking about exercise has an effect on heart rate.  For these children just thinking about exercise increased heart rate from 87 beats per minute to 94 beats per minute, an increase of 7 beats per minute.  Amazingly, the human body has the ability to react to our thoughts about exercise.  If you think about it this makes perfect sense.  If the body waited until we started to exercise before increasing heart rate, then this would be too late and we would not have enough oxygen to make the energy that we needed.  However, by increasing heart rate when we think about doing some exercise we already have the extra oxygen available when we need it.  

What happens if we do not have enough oxygen?

If we carry out heavy exercise we reach a point where the body cannot provide enough oxygen to make the energy that we need.  At this point a backup system kicks in to make energy.  This backup system does not need oxygen to work.  However, as well as producing energy it also produces something called lactic acid, which then builds up in our muscles.  Unfortunately, lactic acid makes our muscles ache, and this is why we gets aches and pains in our legs if we run too hard or too fast.  This is how your body tells you that you need to stop exercising, as you do not have enough oxygen!


L Robson University of Sheffield
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