




Algebra 1 – Module 12, Topic 2 – Interpreting the Variance of a Data Set
	
Hey, guys. Welcome to Algebra 1. Today's lesson's going to focus on interpreting the variance of a data set. Now, your knowledge of descriptive statistics and measures of central tendency are really going to help you get through this lesson. We're going to even go back a bit to standard deviation. You ready to get started? Let's go. Just to warm you up about variance, let's go back a bit to descriptive statistics and measures of central tendency. Now, we discussed this a little bit with standard deviation, but I want to make sure you haven't forgotten about this yet.

Here we have a set of data consisting of the number of text messages sent yesterday and it looks like because we have 5 elements in our set, there were 5 people that were asked, "How many text messages did you send yesterday?" Right? Now, mean as you know from Pre-Algebra, that is a measure of the average, basically. Mean and average are interchangeable terms and it just gives you an idea of the middle of your data. What's commonly occurring in your data set or value? To find the mean, just to review, you add up your elements. You get that sum and then you divide by how many elements you have. In this case the sum of my elements was 60, dividing by 5 because I had 5 elements and I got 12. I know here I'm just going to write mean so we remember that was the calculation that we did right here.

I want to get into really interpreting it. That's why I've got some of these already worked out for you. Now median, is another measure of central tendency and it's another way to determine what is in the middle of your data. How you get the median is, you have to make sure your elements are in order, greatest to least and you want to cross out the first term and the last term and continue to do that until you end up with just 1 term in the middle. Now, if you have an even number of elements you'll end up with 2 terms in the middle, if you remember that. You just find the average of those terms to get the median. Now, here we have an odd set, so an odd number of elements. I think we'll be good to go here. Cross out the first and the last. First and the last, so we see our here our median is 12. That is another measure of the center of our set of data.

Then, data, data, some people pronounce it either way. I tend to bounce back and forth between the 2, but I'm saying the same thing. Now mode, is the measure of the most occurring element of your data. Let me get that out of our way. In this case each value only appeared 1 time, so I would say for this set we don't have a mode. It would just be no mode. Now, for example, let's say if instead of that 8 being an 8, if it were another 7, then I'd say, well, our mode is 7 because 7 occurred most often in our list. Now, the range gave you an idea of the span of your data, the distance between its largest and its smallest value. Your range is the largest value minus the smallest value. In this case, our largest is 20. Our smallest is 7. I'd say 20, let's get the pen. 20 minus 7 is 13. I'd say our range for this data is 13. There's a difference of 13 between the person that sent the least amount of text messages and the person that sent the most amount of text messages.

Here, these are just examples of descriptive statistics, mainly measures of central tendency. Descriptive statistics is just a way to interpret a set of data, to describe what's going on with a set of information. Let's keep going. All right, let's practice a little but with the mean. Which quiz has a higher mean score? All right, so we see we have a set of scores for quiz 1, a set of scores for quiz 2. I'm going to scroll down and I've actually already done the work because I want to get into actually how you compare what these values actually mean. Let me get rid of that. All right, so for quiz 1 I've gotten the sum. I added up all of the scores. It was 770 and then I divided by how many I had and the answer was 77, so 770 divided by 10 is 77. You should know that's how we find our mean. I'm going to write up here that we have a mean of 77 for this one.
All right, so for quiz 2, I've done that one also. Let me scroll down. All right, let me switch to my pointer tool so I get this out of our way. I found the sum of the scores. It was 820 and then I divided by how many I had and it was 82. I'm going to go back up to my table, get my pen back. The mean here, 82. When I'm asked which quiz has the higher mean score, I can say, "All right, well, it's definitely quiz 2. The mean for quiz 2 was 82. The mean for quiz 1 was 77." Something else that we can interpret or how we could use the mean to interpret our data and describe what we see here is, because we know that the quiz 2 mean is higher than the quiz 1 mean, we could say, well, overall, the quiz 2 scores were better than the quiz 1 scores. That's another way that we could use the mean to just describe what we see going on in our data sets here.

Right, now I'm warming you up for variance. I think I've got your ready. I want to start out by us taking a look at the formula. I'm going to warn you, it does look a little intense. There's a lot of Greek letters, but I'm going to break it down for you and give you an idea of what these symbols mean. All right, let me show you. I'm going to start out by explaining to you what this first symbols means on the left. This is sigma and it probably looks familiar to you because it's also the symbol for standard deviation. Variance is actually sigma squared or it's our standard deviation squared. That's probably one symbol you're a little familiar with already. Another symbol here, is Mu. This is the Greek letter Mu and this represents our mean. Any time you see this symbol you know that somehow your mean is involved in the formula.

Another symbol here, this is actually the capital letter, Sigma and this represents a summation, so whenever you see that capital letter, Sigma you know that somewhere in your formula you're going to have to find a sum. You're going to be adding together some terms in order to get to some value in your formula. Now, it's easier to understand how this formula works if you actually have a set of data to work with. I'm going to go on and I'm going to give you a general idea of how this formula works and then we'll actually get into the calculator to do the really tough stuff for us. Let me show you what I mean. We're still going to work with those quiz 1 scores and I just want to give you a general idea of how the variance formula works, how it does all that magic that it does.

This symbol here, this x of i, i is a counter and basically what that means, it's a way of identifying the elements in our data set. It's actually connected to the summation formula. You see here that it has i=1 on the bottom and an n at the top. What that tells us is, let the counter start at 1. Let this variable represent x of 1, then x of 2, then x of 3 and the counter keeps going up and up and up until it gets to the last element in our data set. Since our data set has 10 elements, our counter would go from 1 to 10. Let me show you what I mean by actually identifying some of the elements in our set here. 75, that's our first element in the data set, right? That's our x of 1.

Then, the counter would go up, so x of 2. Then, the counter would go up again, so x of 3 and so on and so forth. It'd count through all the elements in our list until we got all the way to the last element which for us, is the 10th. That'd be x of 10. That's what, if I scroll back up, we're going to do a lot of scrolling here, that's what this x of i represents in our formula. It's just a way of identifying the elements in our list, just counting through them. For variance, what this part of the formula means is, it means take each element in our list and subtract the mean from it and then square that value that you get. Let me show you what I mean again.

I've carried over our mean from the previous problem, so we know it's 77. We don't need to calculate that again. We can just go ahead and start working through this formula here. Our fist element's 75. We'd say, 75 minus 77 squared. 75 minus 77, that's negative 2 squared. The negative 2 squared, that's just 4. You've handled the first element on the list. Then, you'd go ahead and you do the same thing with the second one. Just continue to move through your list. The second element's 89. 89 minus 77 squared. 89 minus 77's 12, so 12 squared, that's 144. Now I'm going to move this mean out of our way here because we're going to run into it in a second. Just get that out of our way. We've done what we need to do with the second element. The counter goes up. We do the same thing with the third one. The third element's 78. 78 minus 77 squared, so that's 1 squared and 1 squared's just 1.

In theory, we would do this for all of our elements on our list. We'd keep going, doing this calculation until we got all the way to the last one. I'd say, our last element's 60, so 60 minus 77 squared. 60 minus 77, that's negative 17 squared. Negative 17 squared, that's 289. Let's move that out of our way, 289. In theory, you've done this for every element in your list. Let's scroll back up, look at our formula, see what we do next. Now that we've handled this part of the formula, we'd go onto that summation. What that means is, now that we've taken every element, subtracted the mean and then squared it, we would add up all of these values. We'd have 4 + 144 + 1 + whatever these would have been + 289. We'd all those up and then we would divide by the number of elements on our list which is basically just finding the mean. That value would be our variance.

That's exactly how you'd calculate the variance by hand. Now, you see how intense this could be if you had a large number of elements in your list. You'd have to do these calculations over and over and over again for each one of those elements on our list. Thankfully, we're able to use the graphing calculator and we're able to press the necessary keystrokes and tell the calculator to give us the variance and then we could just handle the business of interpreting what it means. All right, so now that you've got an idea of how the formula works, let me show you how you use the calculator to actually get the variance. Here we go. Compare the variance of each set in order to describe the consistency of the scores. We're going to look at these scores for quiz 1 and quiz 2.

Now, if you already know how to get the standard deviation, then getting the variance won't be too much trouble for you. The keystrokes are pretty much the same and then there's just 1 extra step you have to do at the end. Let me see if I can get a visual of all of this at the same time. There we go. I'm going to pull up the calculator. I'm going to shrink it a little bit so that I can see the table and the calculator at the same time. Maybe I can get it a little larger for us. Now, I'm going to go stat. Actually, let's clear the memory here. Second plus 712, got the memory clear. Now I'm going to go ahead and go to stat. I'm going to go to edit and you see I have a table of lists basically, the calculator pulls up. List 1, list 2, list 3. We have 2 lists. We're going to enter quiz 1 into L1, list 1 and then quiz 2 into L2.

Here we go. Let's get that in there: 75, 89, 78, 92, 81, 71, 67, 84, 73, and then 60. I'm just going to double-check that from the bottom-up: 60, 73, 84, 67, 71, 81, 92, 78, 89, 75. I think I got them all. Now, I'm going to scoot this over a little bit and I'm going to get quiz 2's scores into list 2. I'm going to arrow over to list 2 and I'm going to get 79, 87, ooh, enter. There we go, 85, 96, 78, 70, 88, 69, 82, 86. Let's just double-check that: 86, 82, 69, 88, 70, 78, 96, 85, 87, 79, got them all. Let's go full screen with our calculator now because it's going to be all about the calculator for a second. Now that we have the data entered into our calculator we're going to press the necessary buttons to tell the calculator to give us the variance.

Actually, what we end up doing, is telling the calculator to give us the standard deviation and then we can calculate the variance from that information. Let me show you what I mean. I'm going to put stat, I'm going to arrow over to calc. I'm going to press 1 because I want the 1 variable statistics and I do want the calculator to work with the first list first with those quiz 1 scores. I'm just going to press enter. Enter right through frequency list. We don't have to bother with that and then enter on calculate and then, here we go. The variance is also the standard deviation squared. What that means is, if I find the standard deviation right here, I'll just need to square this value and then I'll have the variance because your variance is equal to your standard deviation squared.

My standard deviation is 9.38. Let's go back here, get this work up, go full screen. If you remember, our symbol for variance was sigma squared, sigma squared. That is our standard deviation squared. We'll just need to determine 9.38 squared. Once we have that value, we have the variance. Back to the calculator. I told you we'd be using it a lot here and let's calculate 9.38 squared. We can just type right on this screen, 9.38 squared. It's 87.9844. We're just going to round to the 100th place. We should be safe doing that, so 87.98. Back to the work here, let's go full screen, 87.98. That is our variance for quiz 1.

Now, we can get the variance for quiz 2 and then we'll be able to compare the spread of these scores. Back to the calculator, let's get it back out. We're going to just go ahead and clear that. Stat, we'll arrow over to calc, 1 for 1 variable statistics, but this time we want the calculator to give us the information from list 2. We need to press second and then press number 2 so that we can get that L2 to pop up. Any time you need anything written above a calculator for a function or for an argument, just press second. There's our L2. Enter straight through to calculate and let's see. Sigma is 7.87. Let's write that down. I want sigma squared though. If I want sigma squared, then I need 7.87 squared and then that value will be my variance.

Back to the calculator and let's get that value. 7.87 squared and we have 61.94 if we round it to the 100th place. Let's pull that back up, 61.94. Here we go. Now, we have the variance for each set of scores and we can see the variance for quiz 1's scores is much larger than the variance for quiz 2's scores. What that tells me is that the scores for quiz 1 are more spread apart about the mean than the scores for quiz 2. Quiz 2's scores are grouped together closer to the mean than quiz 1's scores. Let's look at this line plots. You can really tell what I mean here. We said that quiz 1 was more scattered about than quiz 2 and then you can tell that here. Quiz 1 if I remember correctly, the mean was 77. That would be right about here. You can see that the data values or the other scores are more spread apart.

On quiz 2 which had a mean of 82, it's right about here, you can tell they're more grouped together about the mean than on quiz 1. Quiz 2 has less spread than quiz 1, is one way you can interpret that. You could say quiz 2's scores are more consistent than quiz 1. They're more consistent because they're less scattered. Let's do some more of these. Let's do 1 more together and then I'm going to let you try 1 on your own to  make sure you really understand how to get the variance and how to interpret it. Example 3: compare the variance of each set in order to describe the spread of the heights of the basketball players.

We have 2 tables here, heights and inches for team 1 and team 2. Let's see if we can look at the whole thing together. I'm going to switch to my calculator because I need to enter this data. I'm going to make sure I can see them all at the same time. There we go. Pull up the calculator, going to shrink it just a bit, scoot it over. Now, let's enter this list. If you remember, I started out by pressing stat and then edit. Move that over a little more. I still have this old information in here. I just need to clear out these lists. If you arrow up until L2 is highlighted, press clear and then press enter. Then, go over, go up to L1, press clear and then press enter. Now, I'm ready to get L1 in there.
68, 73, 71, 75, 70, 72, 76, 69. Make sure I got them all: 69, 76, 72, 70, 75, 71, 73 and 68, got them. Now, let's get team 2's scores into list 2. I'm going to arrow over to list 2. 72, 65, 68, 73, 74, 69, 71 and then 76. Let's double-check: 76, 71, 69, 74, 73, 68, 65, 72. We got them all. Let's go full screen here. Now, we're going to go ahead and tell the calculator, "Give us the information we need so we can get the variance." If you remember, we started out by pressing stat. Now, we're going to arrow over to calc because we want the calculator to do the calculations and if you recall, we want the first one, those one-variable statistics. That's what that 1 bar of stats stands for and I want the calculator to give me the list 1 information first. I'm going to change this argument. I'm going to press second and then number 1 to get L1 and then enter straight through to calculate.

There you go. I see my standard deviation, my sigma is 2.63. Now, you remember that variance is sigma squared or it's your standard deviation squared. Let's go ahead and while we're here and go ahead and square that standard deviation or square that sigma. If we round to the 100th place we'll have 2.63. 2.63 squared and we have 6.9169 rounded to the 100th place, 6.92. Let's get that down. Let me go now to pen, so sigma squared. I already forgot it. I believe it was 6.92, but I feel like it may have been okay, 6.92. So many numbers I'm working with up here. I forget them sometimes. 6.92 is sigma squared. That is our variance for team 1's scores or team 1's heights.

Now, let's go over and get the variance for team 2. Move this out of our way here. We're going to go back to our calculator and now we want to get the variance for team 2. Stat, arrow over to calc, press 1. I'm going to change this from list 1 to list 2 now. Remember, I pressed second and then press number 2 so I can get that L2 to pop up, then enter straight through. Here we go. Sigma here is 3.32 if I round it off to the 100th place. I need sigma squared, so I need 3.32 squared. Let's get that. 3.32 squared, 11.02 rounded to the 100th place. Let's get that, 11.02, get our pen. Sigma squared here ... Oh, I thought it didn't write it down for me, but it did, just took a pause. There we go and let's see, let me get that again, 11.02 for sigma squared on this one.

Then, what I can see here, let's see exactly what we were asked for this question. We're asked to describe the spread of the heights. Here, because team 2 has a larger variance than team 1, it means the heights for team 2 are more spread apart from the mean or spread about the mean than the heights for team 1. Team 1's heights are more consistent. Their players when compared to the other team are more all around the same height than the players for team 2. That's the way to interpret it. We can see they're not exactly the same height. We see that from the data, but when comparing team 1 to team 2 heights, the team 1 heights are closer together around the mean than the team 2 heights. Good job on that one.

Now, it's time for you to try one on your own, start to finish. Go ahead and press pause and take your time on this one. Here you're asked to compare the variance of each set in order to describe the consistency of bread sales in a chain of 7 local bakery stores. I'm going to just scroll down here so you can get all of those values. You're going to need to go ahead and press those right buttons in the calculator so that you can get the information you need to get the variance and then compare our week 1 to week 2's bakery sales. When you're ready to compare your answers to with mine, go ahead and press play.

Let's see how you did on this. I'm going to get this information in my calculator, so let me switch over. Let me adjust this a bit so I can see everything here. I'll make this a little smaller. Here we go. Now, I'm going to go to stat. I'm going to go to edit and I'm going to clear these lists out, see if maybe I can make that a touch larger. There we go. I'm going to arrow up to L2, press clear and then enter, going to arrow up to L1, press clear and then enter. Let's get this in here: 25, 23, 37, 45, 28, 39 and then 34. Let's double-check: 34, 39, 28, 45, 37, 23, 25, got them all. Now, let's get week 2. Let's move that over a little bit. I'm going to arrow over to L2 and get these: 22, 18, 34, 40, 24, 37 and then 26. Double-check: 26, 37, 24, 40, 34, 18, 22, got them all. Let me do a little more shifting and let's go full screen.

Now, we're ready to get our statistics here. Let's press stat, arrow over to calc, number 1 and I want to get L1 first, so I'm going to change that to L1, enter straight through. Here is sigma, 7.43. We rounded to the 100th place. For variance, it's sigma squared, so you want 7.43 squared. 7.43 squared, that is 55.20. We rounded it to the 100th place. Let's get that down, 55.20 for sigma squared. There we go. Sigma squared, 55.20. We have our variance for week 1. Now, we just need to get our variance for week 2, so back to the calculator. Let's press those keys. Stat, arrow over to calc, 1. This time I want L2, so let me change that, second and then number 2. Then, enter straight through. Sigma here is 7.69 rounded to the 100th place. I need 7.69 squared and that is 59.14 rounded off. 59.14 and that's the variance for week 2.

Now, if we looked at it and see exactly how they asked us this question: describe the consistency. We'd say week 1's sales is more consistent than week 2's sales because the variance of week 1 is smaller than the variance of week 2. Another way you could say that because there's a lot of different ways you could describe it, you could also say that week 2's sales are less consistent than 1 because the variance of week 2 is larger than the variance of week 1.

Great job, guys. You've reached the end of your lesson on variance and I hope you're feeling comfortable with how to use the calculator to get those descriptive statistics for you. I hope to see you back here soon for more Algebra 1. Bye.

