
BME 200 
Lesson 17 
Oct 20, 2020 

By the end of the lesson students should be able to: 
• Calculate the mean of data 
• Calculate the standard deviation of data 
• Calculate the probability of an observation in a normal distribution 
• Calculate the percentile of an observation in a normal distribution 

I. Intro 
A. BME arguably uses statistics more than other engineering disciplines. Why? Blame 

biology, which has a lot of variation. A few examples: 
1. Heights of people 
2. Diameters of cells 
3. Blood pressure 

B. Some common applications of statistics in biomedical engineering industry: 
1. Materials testing 
2. Drug testing 
3. Implant testing 

C. Things in biology/biomedical engineering often have so many variables that there is 
considerable uncertainty with almost anything that you do. 

D. Statistics lets you work with the uncertainty quantitatively 

II. Mean 
A. Another name for average 
B. This describes the location that data tend to cluster around. It’s what you learned about in 

grade school.  
C. Use the formula 

D. In words: Add up all the data and divide by the total number 
E. Student exercises. Breakout room tasks: 

1. Report sum of all heights from your breakout room & chat the answer to me 
2. I will chat you the class average height, µ. 
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3. Use µ in the following formula:  and chat me the results. In words, the 
equation says, “For each height in your group, subtract the mean from it and square 
the answer. Do this for each member of your group and add all the numbers together.” 

4. Text me the result from #3, then you may leave the breakout room. 

III. Variance 
A. The mean tells us the position about which numbers tend to cluster, but we would also 

like to know how much the data deviates from the mean. 
B. The variance is what we call the average distance of data from the mean. We find the 

variance by averaging the distance between the data and the mean for the whole data set. 
There are two types of variances 
1. Population variance 

a) We use this one since we’re interested in the variance within this class 

2. Sample variance 

a) This one tends to be the more frequently used, because you often don’t have 
access to the whole population. 

b) Think of sampling prosthetic bone lengths from an assembly line. You don’t 
measure them all, just every 100 or so. 

c) The n - 1 on the bottom is one reason statistics is so confusing. You just have to 
remember that it’s n - 1. For the curious, your stats prof can explain why you use 
n - 1 instead of just n. 

IV. Standard deviation 
A. But variance is in different units than what we want (it’s squared, whereas the original 

was not) 

∑ (Xi − μ)2
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B. So how to solve? Take the square root! This is called the standard deviation 

V.  Normal distribution aka Gaussian distribution 
A. A distribution is just what it sounds like. If you plot each point of the data, how is it 

distributed? Is it evenly spread out? Does it tend to cluster more in the middle and not so 
much at the edges? The pattern determines what kind of distribution best represents the 
data. 

B. There are many distributions, but the one we focus on is the most common—the normal 
or Gaussian distribution 

C. If I plot the height data, it looks like this: 

D. Several things to notice: 
1. It has a mean of µ 
2. As I get away from the mean, the frequency of observations goes down. If I go out far 

enough, those observations go to zero 
3. The formula for the normal distribution is 

4. This is also known as the probability density function 
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5. Use integral calculus to find out the area under the curve. The standard deviations let 
us quantify the data a little better 
a) 68.26% of all data fall within  
b) 95.44% of all data fall within  
c) 99.73% of all data fall within  

6. I can draw the standard deviations on top of the probability density function like this 

7. What can you use this curve for? Well, the area under the curve tells you the 
probability of picking a student with a specific height. How do you find area? 
a) Integrate the equation by hand 
b) Look up the answer in a table 
c) Use the appropriate function in Matlab/Python, etc. 

8. We are going to use the table because it is the easiest to learn with. 
a) Here’s the equation we are interested in solving: 

±1σ
±2σ
±3σ
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b) First, calculate the value inside the parenthesis, called the z statistic. Once you 
calculate this value, you will look up a corresponding value on a table. 

c) Second, decide which type of probability you want to find. Your options are: 
(1) The probability that I pick is less than some value 
(2) The probability that a height is greater than some value 
(3) The probability that a height falls within some range 

d) Sometimes, you might want to find the percentile. In other words, what is the 90th 
height percentile for the class.  

e) Use this equation: 

f) If you want to find 50th percentile and 95th percentile: 
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E. Student example 1. The forearm-hand length of adult males is normally distributed, with 
mean  and standard deviation . 
1. Find the probability that a randomly chosen man's forearm-hand length is (1) less 

than , (2) between  and , (3) between  and , and (4) greater than 
. 

2. Find the following percentiles: (1) 1st, (2) 5th, (3) 50th, (4) 60th. 

μ = 18.86′�′ � σ = 0.81′�′�

19′�′� 16.5′�′� 17′�′� 18′�′� 20′�′�
21′�′�
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F. Student example 2. The sitting height of adult females is normally distributed, with mean 
 and standard deviation . 

1. Find the probability that a randomly chosen woman's sitting height is (1) less than 
, (2) between  and , (3) between  and , and (4) greater than . 

2. Find the following percentiles: (1) 5th, (2) 10th, (3) 75th, (4) 95th. 

μ = 35.94′�′ � σ = 1.29′�′�

33′�′� 34′�′� 35.5′�′� 33′�′� 37′�′� 40′�′�
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https://www.ztable.net 
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