





Algebra 1 – Module 12, Topic 4 – Interpreting z-scores

Hey guys. Welcome to Algebra One. Today's lesson's going to focus on interpreting Z Scores. Your knowledge of descriptive statistics and specifically center deviation is really going to help you get a handle on this one. You ready to get started? Let's go.

Now, before we get into exactly what Z scores are, I want to throw back a bit to some other measures of dispersion. Should all be a little familiar with some of these.

Given a set of data, if I wanted to find out how it spread about the mean, the dispersion or the consistency of my data, I could use standard deviation as a measure of that. I could perform the necessary steps in the calculator, entering this data and be able to get an idea of how it's spread about the mean.

Another measure of dispersion, get that out of our way, is variance. I could do pretty much the exact same thing. Enter this list into the calculator, perform the necessary steps, and get an idea or get a measure of the variance for this list. Again that would tell me the consistency of my data elements, exactly how they are spread about my mean value.

Last but not least, for a measure of dispersion we have mean absolute deviation. Tell us the exact same thing. It measures the spread of data. Now, it performs those calculations in a different way. There's some different steps that we take, but once we have that value, we can still be able to tell exactly how our elements are spread about the mean. It gives us an idea of how they are dispersed, their consistency.

Z scores, how they're different, is they give you an idea of the position of your elements. Before we get really into that, I need to make sure you're familiar with a normal distribution. In statistics, if you have a normal distribution, what that means is that most of the elements in your data are closest to your mean. That's what that means. You find the most of your elements closest to your mean.

For example, if we're saying that our mean is right here, there are 50% of our elements above the mean and 50% below the mean in a normal distribution it's an even spread. You notice here, we have Mu which we know stands for mean. We our sigma, which we know stands for standard deviation. We see we have our mean. Here's our mean plus 1. This distance right here is 1 standard deviation above the mean.

For example, if say your mean was 5 and you had a standard deviation of 1. Then this right here, this value would be 6. It'd be 5+1. This would be 7, 5+2. It just means you're getting further away from the mean by increments of your standard deviation.

Same thing if my mean were 5 and my standard deviation was 1, then 1 standard deviation below the mean would be 4, for 5-1. 2 standard deviations below the mean would be 3, for 5-2 and then so on and so forth.

Notice here how you have your 34.1% on each side of your mean. Those are your largest percentages out of the ones you were given. That's saying that most of your data elements, in a normal distribution, are going to be gathered about really close to the mean. Then, you notice as you go out ... So now you're right here at 13.6% you'll find fewer elements of your data set here. As you go even further out, you find fewer elements of your data set here. Even further out, you see you have .1% of your elements are found here. This, in a normal distribution, the further away you are from the mean, the fewer number of elements that you're going to find in your data set.

How Z scores come into place is that they give you an idea of exactly where a data element is located. For example, if I said I had a data element that had a Z score of 1, then that means it is located 1 standard deviation above the mean. It'd be right here. If it had a Z score of 1.5, that'd mean that my data element would fall somewhere right in here. If I had a element that had a Z score of -2, then that means I'm going to find it at 2 standard deviations below my mean. The Z score lets you know exactly where your data element is located, versus the other measures of dispersion. The measures of dispersion that we were working with before gave us an idea of the spread. The Z scores us an idea of the position, of exactly where that particular element is located in that spread.

Let's try this out. Let's do a few of these Z score. It has a formula. It looks a lot simpler than some of the other one's we've seen so far with statistics. The symbol for Z score is a Z. So Z = x - our mean divided by the standard deviation. If you remember ... Just get my pen here. Mu, computer's got to catch up to me here. It's thinking. Here we go. Mu's the mean. You remember sigma, that's our standard deviation. Then x, that's just whatever particular data element that you're referring to in your problem. Then the Z, that just stands for Z score. The Z score equals x minus your mean, divided by your standard deviation. Let's get a little practice with this here.

Let's take a look at this one. Below are descriptive statistics for the data set containing the heights of a basketball team, in inches. The mean height is 72 inches. The standard deviation is 3 inches. How many standard deviations from the mean is a player with a height of 75 inches. I know that's a lot to take in, so now that we've read through it once, let's just go through and highlight some of that key information that we're going to need to solve this problem. Let me get my highlighter out here.

The beginning just basically told us we've got some descriptive statistics below. All the meat of the problem's really right here. It starts at the bullets. We know the mean height's 72 inches. Standard deviation's 3 inches. How many standard deviations from the mean is a player with the height of 75 inches. It's a good idea with these kind of problems ... Because sometimes it's not always clear exactly what you're being asked to find. They may not just come right out and say find the Z score or find the standard deviation. It's a good idea if you go ahead and write the formula for Z score and then get a list going of the information that you do have. Then, we'll just figure out what we're missing. That's what we'll need to solve for.

Let's get the formula for Z score down. Let me switch to my pen, here. Z score, Z equals ... Sometimes I'll write my Z's like this with a little slash through it because I write my 2's like this, so I don't want you to get them confused. Just know when you see that, it's a Z. Let me get that out of the way. Get back to this formula. Z = X - Mu / Sigma. Or, X minus the mean over the standard deviation.

Now, if we look back at our problem here, we know that the mean height is 72 inches. The mean is 72 and we know that the variable for mean is Mu, so we'll just go ahead and jot that down. The standard deviation is 3 inches. Let's get that. I'm going to abbreviate that a little bit. Standard deviation is 3. We know that's sigma. Then we're asked how many standard deviations from the mean is a player with a height of 75 inches. They've actually give you a specific player's height, so that's our data element in this case. That's our data value. That's X in the formula. We know that X = 75. If we take a look and compare our information to the formula, we have a value for X. We have a value for Mu. We have a value for sigma. We're actually being asked to find the Z score here. If you think about it, the Z score, if we know that it will tell us how many standard deviations we are from the mean.

Let's take a look back at that normal curve. Let me show you what I mean. Let's look at this one. I also have the Z scores here. If I had a data element that had a Z score of 1, then I know okay, I'm 1 standard deviation above the mean. If I have a data element that has a Z score of 3, let's say, then I know that I'm 3 standard deviations above the mean. I'm very far away and I'm a lot larger than whatever the mean is for my data set.

If I have an element that has a Z score of say -2, then I know that I'm 2 standard deviations below the mean. If you know your Z score, then you're able to interpret how many standard deviations you are from the mean.

Let's jump back to that problem so we can get the Z score for this one here. Get a little more room to work. Here we go. Z equals ... Our X is 75 minus our Mu, 72, divided by sigma or standard deviation is 3. Let's simplify the numerator here. 75-72, that's 3. Then 3 divided by 3, that's 1. In this case, this data element, get a little more space here. It has an associated Z score of 1. What that tells us is that this player that has a height of 75 inches, his height when compared to the mean is 1 standard deviation ... Little more space here. We're always scrolling. 1 standard deviation above the mean.

Basically, for the average height of his team, he's a little taller than the average height of his team players. That's how we can interpret he is 1 standard deviation above the mean. Just a little bit taller. Close to the mean, but just 1 standard deviation above it. Let's keep going with this.

Below are descriptive statistics for the data set containing the heights of a basketball team in inches. We're basically dealing with the same situation. The mean 72, standard deviation's 3. This time we're being asked how many standard deviations from the mean is a player with a height of 68 inches. The data element itself has changed this time. I'm going to highlight the important stuff here that we need to know to solve. We need to know the mean, 72. We need to know the standard deviation's 3. We're being asked how many standard deviations from the mean is a player with a height of 68 inches. Let's scroll down. Let me switch to my pen and let's get that formula.

Z = X - Mu / Sigma. We know Mu is our mean. Mu's 72. We know standard deviations that's sigma. That's 3. The player has a height of 68 inches in this case. I'll move this down a little bit. That's X, 68. What we don't know is the Z score. Let's move that out of our way. We need to determine what's the Z score so that we can figure out how many standard deviations away from the mean is this player that has a height of 68 inches. Let's get some work space here.

Z equals, just going to replace what we know. X is 68 minus mean is 72 over the standard deviations 3. 68 - 72 that's -4. Divided by 3. In the calculator you can get this or this is just one of the fractions I keep in mind. I know that -4 divided by 3 is -1.33333 repeating. Never stops. I'm going to round it to the hundredths place. I'm going to say ... Actually move this over a little bit. Starting to run into that other information. Okay, there we go. Get the pen back here. It is -1.33. What that is telling me is ... Because this player's height has a Z score of -1.33, this means that he is 1.33 standard deviations below the mean. That's what the negative part of this tells me is now instead of going above the mean to the positive Z scores, now I'm going to the left. I'm going below the mean where the negative Z scores are.

Because this player's height has a Z score of -1.33, I can say that his height is located -1.33 or actually don't need the negative. I keep wanting to say it, but you don't need the negative, because you're saying it's below the mean. When you say below, that lets you know that Z score is negative. It's 1.33 standard deviations below the mean. If his height has a Z score of -1.33, that means he is 1.33 standard deviations below the mean. Because it's negative, know I know he's a little shorter than the average height of his team players. Let's keep going with these.

It is your turn to try one. All I've changed this time is the height. We're still dealing with the same situation with the basketball players who's on the same team that have a height of 72 inches for the mean and a standard deviation of 3 inches. This time you have to determine how many standard deviations from the mean is a player with a height of 83 inches. Take your time, go ahead and press pause and work your way through this one. When you're ready to check your answer, go ahead and press play.

Let's see how you did on this one. Let me get some work space up here. I'm going to start by writing my formula for Z score. Z = X minus the mean, divided by the standard deviation. This time, let's see what we have here. I know that X is 83 and I know my mean's 72, so Mu 72. I know that my standard deviation sigma's 3. Let's substitute these values in so we can find the Z score. 83 - 72, divided by 3. 83 - 72, that's 11. 11 divided by 3, let's see what that is. It's not one that I file in memory. Let's just say 11 divided by 3. That's 3.67 if we round it up to the hundredths place. Let's get that back. That is approximately 3.67. How many standard deviations from the mean is this player? He is 3.67 standard deviations above the mean because this Z score is positive. That means his height is above the mean. He is, let's see, 3.67 standard deviations. That's way out there. He is way taller than the other players on his team is basically what's going on for this set.

Let me show you a few other types of problems with Z scores that you may encounter. Sometimes you're given the Z score and you're asked to calculate something else, like another missing value. Take a look at this.

Below are descriptive statistics for the data set. So it's just [inaudible 00:18:50] data set. The mean is 27. The standard deviation is 4. What is the value of an element with a Z score of 2.5?

See here, they've given me the Z score. I have to figure out what's the actual element in this case. I'm solving for something else here. Let's write the formula. Z = X minus the mean, divided by the standard deviation. Here I see my mean's 27 my standard deviation's 4 and Z is 2.4. I'm sorry, 2.5. I have to figure out what's the element here. Let's see what we need to do here.

Z I know is 2.5. I'm going to actually move this a little bit to the center here so I can get the work right under it. Not that, we want that to stay there. You want to move this. There we go.

There we go and let's move this down. See if it will let me. It did. Perfect. Here we go. Let's get some math going.

Z, I actually know that value, so I'm going to replace Z with 2.5, because they told me the Z score was 2.5. X is what I don't know. That's what you're trying to figure is what is that data value. This is just going to stay X right now. Minus my mean's 27. My standard deviation is 4. Here I go. I need to solve this equation. There's a couple of different ways you can attack to get ready to solve.

What I would do is treat this right side like it's a fraction and I want to clear my fraction. I'm going to multiply this side by 4 and this side by 4 so I can just get that all cancelled out. Not all of it, but just that fraction over there. Those 4's cancelled and I have X - 27. Let's get some more space here. 4 times 2.5 is 10. Now I have the equation 10 = X - 27. We'll add 27 on both sides. Cancels out over there. 10 + 27 is 37. My data value is 37. If I have a data set that has a mean of 27 and a standard deviation of 4, then the data value then has a Z score of 2.5 is 37. That's what that means to me. That's how I interpret that.

Let's try another one together before you try one on your own. Same kind of set up. I have a set of descriptive statistics for a data set. The mean's 53, the standard deviation is 6 and I have to find a value of an element that a Z score of -1.2 this time.

You remember we started out by just writing that formula. Make sure I got my pen, I do. Z = X minus the mean over standard deviation. I'm going to make a list of what I know over here. I know the mean's 53. I know the standard deviation is 6 and I know that Z score is -1.2.

Let's get some work space up here and we can figure this one out. If you remember, we just start out by replacing the values that we know, right? We know that Z is -1.2. X is what we don't know. That's what we're trying to solve for is what is that data value. X will just stay X for right now. Minus my mean's 53 over my standard deviation is 6.

We're going to keep going here. Remember we can just cancel out this 6, by multiplying both sides of our equation by 6. Times 6, times 6. On the right side, the 6's cancel. Then we have X - 53, 6 times -1.2 I believe it's -7.2, but I want to double check that. 6 times -1.2 yes -7.2 let's get that up here, -7.2. Now to solve this equation, we'll just need to add 53 to both sides so we can isolate X. 53 + 53, on the right side that cancels and I just have X. I'm going to back to my calculator for -7.2 +53. -7.2 + 53 and that is 45.8. Let's get that answer up here. Let's scroll down a bit. 45.8. What that means is, we'll scroll back up so put it in context.

If I have an element in this data set that has a Z score of -1.2, then that value of the value of that element is 45.8. Which kind of makes sense, because if the Z score is -1.2, you would expect for it to be around one standard deviation below the mean. Good job with that one.

Here is one for you to try all on your own. Go ahead and press pause and take a few minutes and work your way through this problem. When you're ready to check your answer, press play.

All right, let's see how you did. We should start this problem out by writing the formula Z = X minus the mean over the standard deviation. Here my mean is 88. My standard deviation is 9. Let's get this out of the way and my element has a Z score of 2.8. I'm being asked to find the value of my element, so that's X.

Let's fill in what we know and we'll be able to solve for what we don't. Our Z is 2.8 equals X I don't know minus 88 divided by 9. Didn't write 9 wrote sigma. Let's get the 9. Divided by 9. Now we need to get rid of that 9. Let's multiply both sides by 9. They're cancelled out on the right. You have X minus 88. Now we 9 times 2.8 so let's go to the calculator for that. 9 times 2.8 is 25.2 so back to the work. 25.2. Now to isolate X we need to get rid of this -88 so plus 88, plus 88, cancels out on the right side so we're just left with X now we need 25.2 plus 88 let's get that in the calculator. 25.2 plus 88 that is 113.2.

113.2 in this data set if we have an element with Z score of 2.8 then the value of that element is 113.2. Great job guys I hope you're feeling really comfortable with Z scores and that you got a great understanding of a normal distribution and how we can use standard deviation to better help us understand Z scores. I'll be seeing you back here soon for more Algebra 1. Bye.




