Quarter 4: Part I Simple Linear Regression
Section 4:  Notes - Coefficient of Determination (r2) – Strength of a Linear Relationship 


A fitted value 
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is simply another name for a predicted value as it describes where a particular x-value fits the line of best fit.  It is found by substituting a given value of x into the regression equation 
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A residual denoted (e) is the difference or error between an observed observation and a predicted or fit value.  Graphically, it is the vertical distance between a point and the line of best fit.  It is found by subtracting the fitted 
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-value from the observed y-value: 
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An outlier, in the regression sense, is a value with a large, in absolute value, residual.  Graphically, it is a point that falls far from the regression line, not following the pattern apparent in the other points.

In regression, the residuals represent the natural or unexplained variation (the natural error) as they describe the deviations about the regression line.

The coefficient of correlation r measures the strength of a relationship.  r also indicates the direction of a relationship.  r is between 
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where r = 1 indicates a perfect positive relationship and  r = 
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 indicates a perfect negative relationship.  r = 0 indicates no relationship, or at least no linear relationship when employing the linear model.

The coefficient of determination 
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, like the coefficient of correlation, describes the strength of a relationship, but has a more concrete interpretation.  
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SST is the total sum of squared deviations about 
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SSE is the total sum of squared deviations about the regression line 
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SSR is the total sum of squared deviations due to regression, i.e. 
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SSR, however, is most easily found by computing the difference SSR = SST – SSE.

Interpreting r2:  Blank- percent of the variation in y variable is explained by the regression line.

A line of best fit or regression line is also called a least squares regression line because this line fits the points in such a way that minimizes the error or residual terms, and hence minimizes SSE the squared error terms.

1.   A researcher would like to know if gestation period of an animal could be used to predict the life expectancy.  She collects the following data.

	Animal
	Gestation (days) (x)
	Life Expectancy (years) (y)
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	fitted
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	residual
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	Cat
	63
	11
	
	
	
	
	

	Chicken
	22
	7.5
	
	
	
	
	

	Dog
	63
	11
	
	
	
	
	

	Duck
	28
	10
	
	
	
	
	

	Goat
	151
	12
	
	
	
	
	

	Lion
	108
	10
	
	
	
	
	

	Parakeet
	18
	8
	
	
	
	
	

	Pig
	115
	10
	
	
	
	
	

	Rabbit
	31
	7
	
	
	
	
	

	Squirrel
	44
	9
	
	
	
	
	

	
	
	TOTAL
	
	
	
	

	
	
	
	
	SST
	
	
	SSE


(1) Fill in the chart to find SST, SSE, SSR, and ultimately the coefficient of determination 
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Check your r2 with that provided by the calculator.

(2)  Interpret the coefficient of determination 
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2.  Following are the lengths and grades of ten research papers for a sociology professor’s class

	Length (pages):
	x
	25
	32
	20
	28
	15
	34
	29
	30
	45
	35

	Grade:
	y
	69
	81
	72
	75
	64
	89
	84
	73
	92
	86


(1) On the graph below, draw each residual (the vertical distance between the point and the line of best fit)

(2) Use your calculator (LinReg) to find the least squares regression line along with the coefficient of determination r2.  

(3) Interpret the coefficient of determination.     
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��������Fitted Line Plot: grade versus pages���������������������������������������������������������������������������������������������������������.�������-��Fitted Line Plot: grade versus pages��������������������������������������������������������������������������������������������;; HMF V1.24 TEXT
;; (Microsoft Win32 Intel 386)  HOOPS 4.50-11 I.M. 3.00-11
(Selectability "windows=off,geometry=on")
(Visibility "on")
(Color_By_Index "Geometry,Face Contrast" 1)
(Color_By_Index "Window" 0)
(Window_Frame "off")
(Window -1 1 -1 1)
(Camera (0 0 -5) (0 0 0) (0 1 0) 2 2 "Stretched")

;; (Driver_Options "disable input,subscreen=(-0.999902,-0.476464,-0.99987,-0.30
;; 1952),no update interrupts,use window id=263346")
(Edge_Pattern  "---")
(Edge_Weight 1)
(Face_Pattern "solid")
(Heuristics "no related selection limit")
(Line_Pattern  "---")
(Line_Weight 1)
(Marker_Size 0.421875)
(Marker_Symbol ".")
(Text_Font "name=arial-gdi-vector,no transforms,rotation=follow path")
(User_Options "mtb aspect ratio=0.675953,graphicsversion=6,worksheettitle=\"Wor
ksheet 1\",optiplot=0,builtin=0,statguideid=2151,toplayer=0,angle=0,arrowdir=0,
arrowstyle=0,polygon=0,isdata=0,textfollowpath=1,ldfill=0,solidfill=0,3d=0,useb
itmap=0,canbrush=0,brushrows=10,light scaling=0.00000,sessionline=-1")
(Segment "include" ())
(Front ((Segment "figure1" (
    (Window_Pattern "clear")
    (Window -1 1 -1 1)
    (User_Options "viewinfigurecoord=0")
    (Front ((Segment "region" (
	(Front ((Segment "figure box" (
	    (Visibility "polygons=off,lines=off")
	    (Color_By_Index "Face" 0)
	    (Color_By_Index "Face Contrast,Line,Edge" 1)
	    (Edge_Pattern  "---")
	    (Edge_Weight 1)
	    (Face_Pattern "solid")
	    (Line_Pattern  "---")
	    (Line_Weight 1)
	    (User_Options "solidfill=1")
	    (Segment "" (
	      (Polygon ((-0.99995 -0.99995 0) (0.99995 -0.99995 0) (0.99995 
		 0.99995 0) (-0.99995 0.99995 0)))))))
	  (Segment "data box" (
	    (Visibility "faces=off")
	    (Color_By_Index "Polygon,Face Contrast,Line" 1)
	    (Edge_Pattern  "---")
	    (Edge_Weight 1)
	    (Face_Pattern "/")
	    (Line_Pattern  "---")
	    (Line_Weight 1)
	    (User_Options "ldfill=1,solidfill=1")
	    (Segment "" (
	      (Polygon ((-0.649967 -0.59997 0) (0.499975 -0.59997 0) (0.499975 
		 0.59997 0) (-0.649967 0.59997 0)))))))
	  (Segment "legend box" ())
	  (Segment "legend" (
	    (Window_Pattern "clear")
	    (Window -1 1 -1 1)
	    (User_Options "viewinfigurecoord=1")
	    (Front ((Segment "symbol1" ())))))))))
      (Segment "object" (
	(Front ((Segment "frame" (
	    (Window_Pattern "clear")
	    (Window -1 1 -1 1)
	    (Front ((Segment "tick" (
		(Front ((Segment "set1" (
		    (Color_By_Index "Face Contrast,Line,Text,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Text_Alignment "^*")
		    (Text_Font "name=arial-gdi-vector,size=0.0237 sru")
		    (Segment "" (
		      (Text 0.458631 -0.669967 0 "45")))
		    (Segment "" (
		      (Text 0.102879 -0.669967 0 "35")))
		    (Segment "" (
		      (Text -0.252872 -0.669967 0 "25")))
		    (Segment "" (
		      (Text -0.608623 -0.669967 0 "15")))
		    (Segment "major" (
		      (Segment "" (
			(Front ((Polyline ((0.458631 -0.59997 0) (0.458631 
			     -0.639968 0)))))))
		      (Segment "" (
			(Front ((Polyline ((0.102879 -0.59997 0) (0.102879 
			     -0.639968 0)))))))
		      (Segment "" (
			(Front ((Polyline ((-0.252872 -0.59997 0) (-0.252872 
			     -0.639968 0)))))))
		      (Segment "" (
			(Front ((Polyline ((-0.608623 -0.59997 0) (-0.608623 
			     -0.639968 0)))))))))))
		  (Segment "set2" (
		    (Color_By_Index "Face Contrast,Line,Text,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Text_Alignment "*>")
		    (Text_Font "name=arial-gdi-vector,size=0.0237 sru")
		    (Segment "" (
		      (Text -0.719964 0.579971 0 "95")))
		    (Segment "" (
		      (Text -0.719964 0.212938 0 "85")))
		    (Segment "" (
		      (Text -0.719964 -0.154095 0 "75")))
		    (Segment "" (
		      (Text -0.719964 -0.521129 0 "65")))
		    (Segment "major" (
		      (Segment "" (
			(Front ((Polyline ((-0.649967 0.579971 0) (-0.689965 
			     0.579971 0)))))))
		      (Segment "" (
			(Front ((Polyline ((-0.649967 0.212938 0) (-0.689965 
			     0.212938 0)))))))
		      (Segment "" (
			(Front ((Polyline ((-0.649967 -0.154095 0) (-0.689965 
			     -0.154095 0)))))))
		      (Segment "" (
			(Front ((Polyline ((-0.649967 -0.521129 0) (-0.689965 
			     -0.521129 0)))))))))))))))
	      (Segment "grid" ())
	      (Segment "reference" ())
	      (Segment "axis" (
		(Front ((Segment "set1" (
		    (Color_By_Index "Face Contrast,Line,Text,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Text_Alignment "^*")
		    (Text_Font "name=arial-gdi-vector,size=0.04232 sru")
		    (Segment "" (
		      (Text -0.0749962 -0.734996 0 "pages")))
		    (Segment "" (
		      (Front ((Polyline ((-0.629969 -0.59997 0) (0.479976 
			   -0.59997 0)))))))))
		  (Segment "set2" (
		    (Color_By_Index "Face Contrast,Line,Text,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Text_Alignment "*>")
		    (Text_Font "name=arial-gdi-vector,size=0.04232 sru")
		    (Text_Path 6.12303e-17 1 0)
		    (Segment "" (
		      (Selectability "polygons=on!,text=off")
		      (Visibility "polygons=off")
		      (Text_Alignment "v>")
		      (Text_Path 0 1 0)
		      (User_Options "angle=90,polygon=3,linect=1,charct=5")
		      (Polygon ((-0.864558 -0.115112 0) (-0.864558 0.0999535 0)
			(-0.771468 0.0999535 0) (-0.771468 -0.115112 0)))
		      (Renumber (Text -0.79474 -0.115112 0 "grade") 1 "L")
		      (Segment "raw" (
			(Visibility "off")
			(Renumber (Text 0 0 0 "grade") 1 "L")))))
		    (Segment "" (
		      (Front ((Polyline ((-0.649967 -0.579971 0) (-0.649967 
			   0.579971 0)))))))))))))))))
	  (Segment "data" (
	    (Window_Pattern "clear")
	    (Window -0.63 0.48 -0.58 0.58)
	    (User_Options "isdata=1,viewinfigurecoord=1")
	    (Front ((Segment "symbol1" (
		(Segment "points" (
		  (Color_By_Index "Marker" 1)
		  (Marker_Size 0.421875)
		  (Marker_Symbol "@")
		  (User_Options "canbrush=1,brushsetup=0,grouping=0")
		  (Segment "" (
		    (Marker_Size 0.3375)
		    (Marker_Symbol "@")
		    (User_Value 10)
		    (Marker 0.320497 0.430416 0)))
		  (Segment "" (
		    (Marker_Size 0.3375)
		    (Marker_Symbol "@")
		    (User_Value 9)
		    (Marker 0.96149 0.810105 0)))
		  (Segment "" (
		    (Marker_Size 0.3375)
		    (Marker_Symbol "@")
		    (User_Value 8)
		    (Marker 2.22033e-16 -0.392245 0)))
		  (Segment "" (
		    (Marker_Size 0.3375)
		    (Marker_Symbol "@")
		    (User_Value 7)
		    (Marker -0.0640994 0.303853 0)))
		  (Segment "" (
		    (Marker_Size 0.3375)
		    (Marker_Symbol "@")
		    (User_Value 6)
		    (Marker 0.256397 0.62026 0)))
		  (Segment "" (
		    (Marker_Size 0.3375)
		    (Marker_Symbol "@")
		    (User_Value 5)
		    (Marker -0.96149 -0.961779 0)))
		  (Segment "" (
		    (Marker_Size 0.3375)
		    (Marker_Symbol "@")
		    (User_Value 4)
		    (Marker -0.128199 -0.265682 0)))
		  (Segment "" (
		    (Marker_Size 0.3375)
		    (Marker_Symbol "@")
		    (User_Value 3)
		    (Marker -0.640994 -0.455526 0)))
		  (Segment "" (
		    (Marker_Size 0.3375)
		    (Marker_Symbol "@")
		    (User_Value 2)
		    (Marker 0.128199 0.114008 0)))
		  (Segment "" (
		    (Marker_Size 0.3375)
		    (Marker_Symbol "@")
		    (User_Value 1)
		    (Marker -0.320497 -0.645371 0)))))))))))))))
      (Segment "labels" (
	(Window_Pattern "clear")
	(Window -1 1 -1 1)))
      (Segment "annotation" (
	(Window_Pattern "clear")
	(Window -1 1 -1 1)
	(Front ((Segment "line1" (
	    (Color_By_Index "Face Contrast,Line,Edge" 1)
	    (Edge_Pattern  "---")
	    (Edge_Weight 2)
	    (Line_Pattern  "---")
	    (Line_Weight 2)
	    (Segment "" (
	      (Front ((Polyline ((-0.608623 -0.549137 0) (-0.565933 -0.505207 0
		   ) (-0.523243 -0.461276 0) (-0.480553 -0.417346 0) (-0.437863
		   -0.373416 0) (-0.395173 -0.329485 0) (-0.352482 -0.285555 0)
		  (-0.309792 -0.241625 0) (-0.267102 -0.197694 0) (-0.224412 
		   -0.153764 0) (-0.181722 -0.109834 0) (-0.139032 -0.0659033 0
		   ) (-0.0963413 -0.0219729 0) (-0.0536512 0.0219574 0) 
		   (-0.010961 0.0658878 0) (0.0317292 0.109818 0) (0.0744194 
		   0.153748 0) (0.11711 0.197679 0) (0.1598 0.241609 0) 
		   (0.20249 0.285539 0) (0.24518 0.32947 0) (0.28787 0.3734 0) 
		  (0.33056 0.41733 0) (0.373251 0.461261 0) (0.415941 0.505191 
		   0) (0.458631 0.549121 0)))))))))
	  (Segment "line2" (
	    (Color_By_Index "Face Contrast,Line,Edge" 1)
	    (Edge_Pattern  "---")
	    (Edge_Weight 1)
	    (Line_Pattern  "---")
	    (Line_Weight 1)))
	  (Segment "line3" (
	    (Color_By_Index "Face Contrast,Line,Edge" 1)
	    (Edge_Pattern  "---")
	    (Edge_Weight 1)
	    (Line_Pattern  "---")
	    (Line_Weight 1)))
	  (Segment "line4" (
	    (Color_By_Index "Face Contrast,Line,Edge" 1)
	    (Edge_Pattern  "---")
	    (Edge_Weight 1)
	    (Line_Pattern  "---")
	    (Line_Weight 1)))
	  (Segment "line5" (
	    (Color_By_Index "Face Contrast,Line,Edge" 1)
	    (Edge_Pattern  "---")
	    (Edge_Weight 1)
	    (Line_Pattern  "---")
	    (Line_Weight 1)))))))))))
  (Segment "figure2" (
    (Window_Pattern "clear")
    (Window -1 1 -1 1)
    (User_Options "viewinfigurecoord=0")
    (Front ((Segment "region" (
	(Front ((Segment "figure box" (
	    (Visibility "polygons=off,lines=off")
	    (Color_By_Index "Face" 0)
	    (Color_By_Index "Face Contrast,Line,Edge" 1)
	    (Edge_Pattern  "---")
	    (Edge_Weight 1)
	    (Face_Pattern "solid")
	    (Line_Pattern  "---")
	    (Line_Weight 1)
	    (User_Options "solidfill=1")
	    (Segment "" (
	      (Polygon ((-0.99995 -0.99995 0) (0.99995 -0.99995 0) (0.99995 
		 0.99995 0) (-0.99995 0.99995 0)))))))
	  (Segment "data box" (
	    (Visibility "polygons=off,lines=off")
	    (Color_By_Index "Polygon,Face Contrast,Line" 1)
	    (Edge_Pattern  "---")
	    (Edge_Weight 1)
	    (Face_Pattern "/")
	    (Line_Pattern  "---")
	    (Line_Weight 1)
	    (User_Options "ldfill=1,solidfill=1")
	    (Segment "" (
	      (Polygon ((-0.299985 0.559972 0) (0.299985 0.559972 0) (0.299985 
		 0.839958 0) (-0.299985 0.839958 0)))))))
	  (Segment "legend box" ())
	  (Segment "legend" (
	    (Window_Pattern "clear")
	    (Window -1 1 -1 1)
	    (User_Options "viewinfigurecoord=1")
	    (Front ((Segment "symbol1" ())))))))))
      (Segment "object" (
	(Front ((Segment "frame" (
	    (Window_Pattern "clear")
	    (Window -1 1 -1 1)
	    (Front ((Segment "tick" ())
	      (Segment "grid" ())
	      (Segment "reference" ())
	      (Segment "axis" ())))))
	  (Segment "data" (
	    (Window_Pattern "clear")
	    (Window -0.28 0.28 0.58 0.82)
	    (User_Options "isdata=1,viewinfigurecoord=1")
	    (Front ((Segment "symbol1" (
		(Segment "points" (
		  (Color_By_Index "Marker" 1)
		  (Marker_Size 0.421875)
		  (Marker_Symbol "@")
		  (Segment "" ())
		  (Segment "" ())))))))))))))
      (Segment "labels" (
	(Window_Pattern "clear")
	(Window -1 1 -1 1)
	(Front ((Segment "symbol1" (
	    (Text_Alignment "v*")
	    (Text_Font "size=0.02539 sru")
	    (User_Options "isdata=0")
	    (Segment "" (
	      (Text 0 0.668967 0 "S = 4.38172      R-Sq = 80.1 %      R-Sq(adj)
 = 77.6 %")))
	    (Segment "" (
	      (Text 0 0.780961 0 "grade = 49.2756 + 0.997420 pages")))))))))
      (Segment "annotation" (
	(Window_Pattern "clear")
	(Window -1 1 -1 1)))))))
  (Segment "annotation" (
    (Window_Pattern "clear")
    (Window -1 1 -1 1)
    (User_Options "toplayer=1")
    (Front ((Segment "text1" (
	(Color_By_Index "Text" 1)
	(Text_Alignment "^*")
	(Text_Font "name=arial-gdi-vector,size=0.05078 sru")
	(Segment "" (
	  (Text 0 0.979951 0 "Regression Plot")))))))))))

on Plot")))))))))))
(Segment "text1" (
	(Color_By_Index "Text" 1)
	(Text_Alignment "^*")
	(Text_Font "name=arial-gdi-vector,size=0.05078 sru")
	(Segment "" (
	  (Text 0 0.979951 0 "Regression Plot")))))))))))
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