







Algebra 1 – Module 12, Topic 6 – Determining the Equations of Lines and Curves of Best Fit

Hi, guys. Welcome to Algebra 1. Today's lesson's going to focus on writing equations of lines and curves of best fit. Now, your knowledge of scatter plots, the coordinate plane and linear functions and quadratic functions are all going to come in handy for you during this lesson. You ready to get started? Let's go. Okay. To warm you up a little bit about lines and curves of best fits, I'm going to take some time just analyzing some graphs, okay? Let's look at this first one here. Let's get this out of our way. Here we have a set of points, right? It appears as though they actually fall right in line one after another. There's some line that exists that I can draw. I can graph it. If I actually knew where the coordinates are, I could get the equation. There's a line that will pass through all of those points just perfectly, right?

Now, let's take a look at this graph. This is not a pretty little line over here. My points are kind of scattered about. We call this particular graph a scatter plot because your plots are scattered about your graph. They don't fall in a perfect line or in a perfect curve, in a perfect pattern. Okay? Here we have a perfect line of points, scatter plot of points, all right? We're going to spend a lot of time dealing with this second situation, this scatter plot.

Now, you've had a little experience with scatter plots back in pre-algebra. I don't know if you remember the term correlation. Correlation, you can think about that as something similar to slope. Like, for my first graph here, I can see that my line is falling left to right and my points are falling left to right, the imaginary line I see in my head. It has a negative slope, the line that would pass through these points, because I can see the fall, right?  Now, for this scatter plot, these points are all scattered about. They don't seem to follow any particular pattern. I would say in this graph here, this scatter plot, these points have no correlation. There doesn't appear to be a relationship between y and x. It just appears that it's just completely random what my outcomes are here, okay?

Let's keep digging deeper into these scatter plots. All right. Let's take a look at this one on the left. Here we have a scatter plot, but do you noticed how here the way my points are scattered, they do kind of have a relationship one to another. If you pictured or envisioned a line that kind of went through the middle of those points, it'd have a positive slope. It would rise from left to right. I'd say in this case, this scatter plot, there's a positive correlation between y and x. As x increases, y also appears to increase here. Okay?

Now, take a look at this one. Okay, let's close this out. All right. You see here, my points seem to be falling. They are scattered, but they do seem to have a particular pattern, right? As x increases, y appears to decrease. I'd say here, that this scatter plot, there's a negative correlation between x and y, okay? Okay, let's keep going here.

Now, in regards to lines and curves the best fit. Like we said before, we have scatter plots. There's not going to be a line that will pass perfectly through all of the points. What we want to try to get is the line of best fit or the line that best fits the data. You can think about it as the line that would pass through the center of the points. Maybe, just to estimate, maybe a line kind of like that, kind of goes through the center of my cluster or my scatter plot of points. In this situation, we would use a linear function to model this relationship, to give us an idea of what we can expect when we have different input values, what we can expect for the output values. Okay? This would be a linear type of situation.

Now, over here, for this scatter plot, these plots don't follow a linear situation. It doesn't appear to be a line that would best fit this data. For this data, it appears more to be a curve that would best fit the situation on the right. In this case, I'd use a quadratic function to model this situation, to give me an idea of what I can expect for different outcomes when I use different input values, right? A quadratic function would best fit this data. For b you'd have a curve of best fit. For a you'd have a line of best fit. What we're going to do, is we're actually going to work with some data and we're going to let the calculator do the work for us and get the equations of lines of best fit curves of best fit. It's all going to depend on our situation which model we want to use, either linear or quadratic function, okay?

Okay. Let's keep going here. Here's our first set of data. The weekly pizza sales of the concession stand are displayed in the table. Here we go. The first thing we're going to do is figure out how we're going to model this situation. Let's get this out of our way. Okay, so, part a, determine whether a linear model or a quadratic model best fits the data. To do that, we're going to actually get this data into our calculator and we're going to have the calculator generate a scatter plot for us so that we can get an idea if we need a line of best fit or if we need a curve of best fit. Okay? Okay, so let's see what we need here. I'm going to go to the calculator. Let's get this out of the way. Let's look at our calculator here. I'm already cleared my memory. I'm good to go to start entering values. I'm going to shrink this just a little bit so I can kind of see at least part of my table and the calculator at the same time.

Okay. How I'm going to start his out is I'm going to go STAT, so press STAT. It's two buttons to the right of ALPHA and then EDIT. Go ahead and press ENTER, you can press number 1. You want to enter in the data for the week, for week 1, week 2, week 3, week 4, that left column into list 1. 1, 2, 3 and then 4. Now let's look at that second column, the total in dollars. We're going to enter this information into our list 2. Let's arrow over. 152, 165, 168, 174. Okay? We have our left column in L1, we have our right column in L2. We're going to want the calculator to treat these columns as xs and y values. Like, there's a relationship that exists between these two lists, okay? Now, I'm going to go full screen with my calculator. I'm going to show you how to let that calculator generate the scatter plot for you. Now, if you notice your Y= button on the far left of your calculator. Right above it you see STAT PLOT written in blue, that is the function that I need. I'm going to press 2nd, and then I'm going to press Y= so I can get that to pop up.

These are your stat plots or your statistic plots. You see for the first one, I'm going to hit enter right there, plot 1. Right now it says my plots are off. I'm going to turn them on. What that tells the calculator is to plot each of these points. Give me a scatter plot. Then if you see the type, it's the first one that we want, you see our dots or our points. Our x list is list 1, our y list is list 2. It's going to plot the points with little squares in blue is what it's telling us. Okay? Once we've turned the plots on, just by highlighting ON and then pressing ENTER, you want to press your ZOOM button right up there at that top row with Y=. It's in the middle. Then number 9, ZOOM STAT, that's the one we want, okay? That's the one that's going to give us a nice scatter plot. I'm just going to press 9. Then you see, here we go. Looking at these 4 points, this scatter plot, it looks like a line would best fit this data, right? Looks like there's a positive correlation between the x and y values. If I can get a line, I'll be able to do a little bit here, right?

Back to our work here, switch screens. For part a, we were asked to determine whether a linear model or a quadratic model best fits the data. It's definitely going to be linear. We're going to want to model this with a linear equation. Linear, for sure, okay? Now  that we've decided that's going to be linear, let's move on to step b here or part b. Let's get a few things out of the way here. Let's move that down a bit. We're going to make a prediction. Okay, let's see what we're being asked to predict. Based on a linear model, as I already knew we'd get to that right answer, predict the amount of pizza sales during week 7. Okay. We have 4 weeks of data. If we scroll back up to the table, we have 4 weeks. We're being asked to predict how much are we going to sell at week 7. Now, to be able to make that prediction, what we're going to do is have the calculator give us an equation of the line that best fits this data. Then we'll be able to use that equation to make a prediction about our situation here. Okay?

Okay, so let me show you what I mean. I'm going to go back to my calculator, all right?. I'm going to press STAT. I'm going to arrow over to CALC. Now, right here, number 4, linear regression is what this stands for. You see it as ax+b, similar to mx+b, like slope intercept form of a line. That's what we want. That is the function that is going to give us the equation. Okay? I pressed 4 to select it. We're just basically going to enter through this list. X list is at L1. Y list is L2. Enter through all of that. We don't need anything there. Calculate. Here we go. What this tells us is the equation is in the form Y=ax+b where a is 6.9 and b is 147.5. That's what that's telling us there. Let's write that equation down how we'd like to see it in that y=ax+b or mx+b form. Okay. Let's scroll down here. Let's get some more space. Let's see, it was, switch back, y=6.9x+147.5. y=6.9x+147.5. All right?

Now, because we were asked to make a prediction about what would happen at week 7, 7 is our x value. We're just going to substitute 7 here for x and see what we get for y. That will give us a prediction of the amount of sales to expect at week 7. Okay? Here we go. We'll have 6.9(7)+147.5. Whatever our y value is here, that's going to be the prediction. Okay. Let's switch back to the calculator. We need 6.9(7)+147.5, 6.9(7)+147.5. Here we go 195.8. Since we're dealing with money here, 195 dollars and 80 cents. That would be the prediction for this situation. All right, let's get that down here. Let's go back, because I've already forgotten the number. 195.8. There's so many numbers you deal with here with the statistics. 195.8. Let's write that down before I forget. Okay. 195.8 is y. Because we're dealing in terms of money, because we always want to go back and relate it to our situation, what this would mean is the amount of sales they could expect at week 7. 195, 195 dollars and 80 cents would be the amount of pizza sales to expect during that week. Okay?

You see how we got that data in there. We generated the scatter plot to see if we needed a linear function or a quadratic function to model the situation. Then we just used that information to make a prediction. Okay? Let's try another one here. Then I'm going to let you try one by yourself. All right. Move some stuff out of the way. There we go. Example 2, a ball is tossed up in the air from an initial height of twelve meters. The height of the ball at different intervals is displayed in the table. Here we go. At 0 seconds, so that's like initially, nothing had happened yet, 12 meters, okay? Then after .5 a second 14.8 meters. After a second, 15 meters. After 1.5 seconds, 13 meters. After 2 seconds, 8.4 meters. Okay, so someone threw a ball up in the air. Then they measured somehow the height of the ball at these different intervals of time. That's basically what's happening here. Okay? Here we go. I think we probably have this reversed here. We want to get the model and then we're going to make our prediction. I'm just going to move that down there. There we go.

Here's where we need to determine what our model's going to be. We need to figure out, do we need a linear model for this situation or do we need a quadratic model for this situation. Then once we know that, we're going to go ahead and make the prediction. Okay? Remember how we started out the last one. In order to figure out if we need a linear model or quadratic model, we need to look at the scatter plot and get an idea of how those points are falling on the graph. Okay, so let's look at our table, get that in view. We're going to need to go to that calculator. Okay, so I'm going to scoot that out of my way, pull this calculator up, shrink it a little bit. All right.

If you remember, first I started out by going to STAT and then EDIT. Okay? Just going to clear this information out. Up to the top, CLEAR ENTER, over to the left, CLEAR ENTER, okay? I'm going to enter the first column. 0, 0.5, 1.0, 1.5, 2.0. Okay? I've gotten that in there. Now, over to the next column. Let's arrow over to L2. 12, 14.8, oops, not the plus sign, still eat that, hit enter, there we go, 15, 13, and 8.4. Oops, go to. You see how the calculator gave me an error. It's telling me somewhere I made a mistake. There we go. It didn't take that ENTER when I pressed the button. After 15, I need 13, and then ENTER. There we go. 8.4. Here you go. The calculator, it'll give you a little hint to let you know if you missed something sometimes. All right. Let's just double check this. 0, .5, 1.0, 1.5, 2.0. Then we've got 12, 14.8, 15, 13, 8.4. All right. We're good to go.

I'm going to go full screen here because it's going to be all about the calculator for a little bit. If you remember, after we got our data in there, we looked at the scatter plot, right? Once you've turned your plots on, you don't have to continue to do that every time. They're going to stay on until you turn them off. If you remember, I started out by pressing 2nd and then the Y= button to get the stat plot to pop up. Those plots, I turned them on for that other scatter plot. They're going to stay on. If you didn't already turn your plots on, make sure you follow those steps, press 2nd and then press your Y= button and then press ENTER on plot 1 and then just press ENTER on to make sure your plots are on. Then make sure the type of graph that you want the calculator to perform for you is a scatter plot, the one that you want the calculator to generate. Okay? That's all good to go. Once your plots are on, go ahead and press ZOOM and then 9, for ZOOM STAT.

Ah, so look at this model. We don't quite have a line of best fit situation here. We have a curve of best fit, because you could visualize a curve that could pass through the majority of those points. For this situation, we're going to want to model it using a quadratic function. If you remember, your quadratic functions have the shape of a U, of a parabola, either right side up or upside down, depends on some of the coefficients in there exactly. We know that we have a curve for quadratic. We're going to want to model this situation, go back to our work, using a quadratic function. Okay? Let's look at that full screen again. Now we can answer this first question with determining whether or not we needed a linear model or a quadratic model for this situation. It's definitely going to be quadratic. Let's wait for the computer to catch up to me. There we go. Quadratic, okay?

Now that we know that it's going to be quadratic, now let me show you how to get the calculator to give you that equation. You can make your prediction here. Let's get this out of our way. All right. Based on a quadratic model, because I knew we were going to get the right answer there, predict the height of the ball after 2.5 seconds. Okay? We already have this data in the calculator. I'm going to show you what you need to press to get the calculator to give you an equation of the curve of best fit, okay? It's just one button different from what you do to get the line of best fit. It's very similar. All right. Let's get this back up. Here, now that we know we want a quadratic model, go full screen here. Looks like I was. There we go. Press STAT. I'm going to arrow over to CALC. Right under number 4, the LinReg, which stood for linear regression. You see number 5, QuadReg, quadratic regression. When you want to line of best fit, press 4. When you want a curve of best fit, press 5. Okay? Only difference.

We're going to press 5. This is all good to go x is our list 1, y is our list 2. We don't need anything for those other prompts there. Just enter straight through. There you go. You see it gave you the quadratic, the standard form y=ax²+bx+c. Here it's giving you the values for a, b and c. We're just going to round them off to the hundredth place just to give us a little approximation here. Then notice how that coefficient is negative for a and that's how you know you're going to have a upside down parabola or an upside down U. Okay? All right. I'm going to have to go back and forth for a second to get these values down, or actually, let me just do a little maneuvering here. Maybe we can see them at the same time. Okay. Get our calculator back up. Here we go. We'll just bounce back and forth. Okay. Y would equal -4.86x², because I'm going to replace a with this value. I'm just rounding it to the hundredths place. -4.86 is going to go for a, x², all right. Y=-4.86x². Let's see the rest of this. All right so +7.91x, because we're going to replace b with this value. 7.91x. Back here. +7.91x. The last value we need is just +c, that's our constant, 12.01 if we're rounding to the hundredths place. Okay. Back here. +12.01.

Now that we have a quadratic equation to model this situation we can go ahead and make the prediction we were asked about. We were asked to figure out, based on the quadratic model, predict the height of the ball after 2.5 seconds. That 2.5, that's our x. We're just going to substitute it into this quadratic equation or quadratic function and figure out exactly what our prediction's going to be. What do we predict height of this ball's going to be after 2.5 seconds? Okay. Let me just show you that substitution. -4.86(2.5²)+7.91(2.5)+12.01. We're definitely going to put this in the calculator. There's a lot of math involved here. Let's see what we get for the answer. Let's switch back to the calculator. We're going to have to bounce back and forth a little bit for a second. Okay. -4.86(2.5²), so -4.86(2.5²), okay. Let's see the rest of this. +7.91(2.5). Okay, so, +7.91(2.5). Back to the work. +12.01. Back to the calculator. +12.01. Okay. Let's see what we got. 1.41. Okay. Let's bring that back to our problem. Okay. Y=1.41. What that means is, if we scroll back up to our situation here, a ball was thrown in the air, we were trying to figure out the height at 2.5 seconds. At 2.5 seconds, the height of the ball would about 1.41 meters. That's our prediction here, okay?

I'm going to scroll back down so we can write that down. You always want to bring it back to the situation, what your answer is. 1.41 meters. We're predicting, based on our quadratic model that that would be the height of the ball after 2.5 seconds, okay. All right, guys. It's time for you to try one now. Take your time working through this one. I'm going to read it to get you started. I'll scroll down so you can see. A set of data representing the number of traffic violations that have occurred at a busy intersection is displayed in the table. Determine whether a linear model or a quadratic model best fits the data. All right. Here we go. That's what I want you to do first. Okay? Afterward, once you know the model, I'm going to move this out of the way and I'm going to ask you to do a prediction for me, okay? All right. First, get that scatter plot and figure out, do you need a linear equation for this or do you need a quadratic equation for this. All right? Press pause. Take your time figuring that out. Press play when you're ready to see what you got, see what I got.

All right. Let's see how you did here. I'm going to go ahead and get this in the calculator so I can see the scatter plot. That will give me an idea of if I need a linear model or a quadratic model. I'm going to shrink this a little bit so I can try to see both at the same time here. All right. I'm going to go to STAT then EDIT. I'm going to clear my lists here. All right. 1, 2, 3, 4, 5 for the first list. Okay. For the second list we have 53, 47, 38, 35, 31. Okay. Let's double check that. 53, 47, 38, 35, 31. Okay, we got it all. My plots are still on. I'm going to go ahead and go to ZOOM 9, so I can see the scatter plot. It does appear that a line would best fit this data. We're going to need a linear model, linear function to model this situation here. Okay? If you said linear, you were right on target there. Okay. I'm going to go full screen here. We have determined, we've got these reversed again. Okay, let's get this out of our way here. Computer's got to catch up to me. Here we go.

Okay. We have determined that it is going to be a linear model that's going to represent our situation here. Definitely linear, for sure. Okay? Now the prediction. Let's scroll down here. What do I want for the prediction. Okay, let's move this out of the way. Based on the linear model, because I knew we were going to get that right answer, predict the number of traffic violations during month 8. Okay. This is where you've got to go in there, get that equation of the line of best fit and use it to make a prediction about this data. Press pause while you work on your calculator, get that all figured out. Press play when you're ready to check your answers.

All right. Let's see how you did. I'm going to switch back to my calculator. I still have my data entered in there. I'm just going to tell the calculator to give me the equation. STAT, arrow over to CALC, 4, because I want a linear regression. Just enter straight through this list. It's all good to go. Let's see here. Okay. Y=-5.6+57.6. Let's write that down. Okay. Y=-5.6x+57.6. Make sure I got that right. Check it. Okay. -5.6x+57.6, got it. Okay. We were asked to predict the amount of traffic violations during month 8. Now I'm going to let x be 8. I'm going to see what I get for my prediction. Okay? Y=-5.6(8)+57.6. All right? I'm going to put that whole line right in the calculator, minus the y= part, but I'm going to put the right side in the calculator. Let's see what we get. -5.6(8). -5.6(8), what was the second part of that? +57.6. +57.6. All right, let's see. 12.8. Because we're talking about traffic violations here, we're going to round that up and just say about thirteen.

I'm going to approximate it and say all right, because we want to bring this back to the situation. We got a value of y at 12.8. The number of traffic violations during is this month 8 we're predicting? Yep. Make sure it wasn't week 8. Month 8, about 13 traffic violations. That's what you would expect to see if the situation continues to follow this pattern. This is our prediction. All right. Good job on that one.

Okay, great job, guys. You've reached the conclusion of your lesson on equations of lines and curves and best fit. With that, you've also reached the conclusion of your course on Algebra 1. I really enjoyed teaching you all the way from our properties of real numbers right here to equations lines and curves of best fit. I'll be feeling really confident about your math skills, because you did an awesome job. Bye bye.



