Simple Linear Regression

} Regression analysis is a tool for building
mathematical and statistical models that characterize

relations
. Finds a |

hips between variables
Inear relationship between:

- one independent variable X and

- one dependent variable Y
1 First prepare a scatter plot to verify the data has a
linear trend.
(a) Linear (b) Nonlinear (c) No relationship




Modeling Relationships and Trends in Data

. For time series data, use a line chart.
; Line chart of historical crude olil prices
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Finding the Best-Fitting Regression Line

} For cross-sectional data, use a scatter chart.

1 Y=a + b*X

} Two possible lines are shown below.

} Line A is clearly a better fit to the data.

1 We want to determine the best regression line
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Excel Trendline Tool

} Right click on data series and
choose Add trendline from
POp-up menu

} Check the boxes Display
Equation on chart and Display
R-squared value on chart

1 R? (R-squared) is a measure of

t he nfito of t h

B The value of R2 will be between 0
and 1.

B A value of 1.0 indicates a perfect fit
and all data points would lie on the
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Modeling a Price-Demand Function

Linear demand function:
Sales = 20,512 - 9.5116(price)
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1 E x ¢ eTftemdbBne tool is used to fit various functions to the
data.

Exponential y =50.490-021x R2=0.664
Logarithmic  y =13.02In(x) + 39.60 R2=0.382
Polynomial 2° y =0.13x? 2.399x + 68.01 R?=0.905
Polynomial 3° y =0.005x® 0.111x

+ 0.648x + 59.497 R2=0.928 *
Power y = 45.96x0-:0169 R2=0.397




Common Mathematical Functions Used n
Predictive Analytical Models

_inear y =a + bx
_ogarithmic y = In(x)

Polynomial (2"d order) y = ax¥+ bx+ ¢
Polynomial (3" order) y = ax@+ bx2+ dx + e

Power y = ax
Exponential y = ab*
(the base of natural logarithms,e= 2. 71828 e 1 ¢

often used for the constant b)




;1 Third order polynomial trendline fit to the time

series data

0.9282

0.0052%% - 0.1111x2 + 0.6483x + 59.497
H?

|.r=

Price

£140.00

5120.00

$100.00

$80.00

CER T, e KR

$40.00

520,00

$0.00

unr-gooz
ARA-2007
Jdy-300%
JeW-B00T
qa4-§007
ue-g00z7
30-L00T
ADN-£ 00T
VO-L0DE
dag-£007
Iny-£007
INf-£00Z
un[-£002
Aep-L00T
Ady-£ 007
JeW-L00T
qa4-, 00T
uer-£007
32-9007
AON-900F
PVO-000Z
dag-g007
Any-9007
INf-9002
unr-go0z
Ae-9007
Jdy-9007
JeW-000T
qa4-9007
WE =000




Home Market Value Data

Size of a house Is
typically related to its
market value.

X = square footage
Y = market value ($)

The scatter plot of the full
data set (42 homes)
Indicates a linear trend.

A B [

1 [Home Market Value

2

3 |House A.EE Sguare Feet Market Value |

4 33 1,812 $90,000.00

5 32 1,914 $104,400.00

6 32 1,842 $93,300.00

7 33 1,812 $91,000.00

B 32 1,836 $101,900.00

9 33 2,028 $108,500.00
10| 32 1,732 $87,600.00
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Using Excel to Find the Best Regression Line

} Market value = 32,673 + $35.036 x square feet

1 The estimated market value of a home with 2,200
square feet would be: market value = $32,673 + $35.036
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The regression model
explains variation in
market value due to
size of the home.

It provides better
estimates of market
value than simply
using the average.




Least-Squares Regression
1 We estimate the parameters from the sample data:
Y = by + b, X

}  Residuals are the observed errors associated with
estimating the value of the dependent variable using
the regression line:
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Least Squares Regression

1 The best-fitting line minimizes the sum of squares of the
residuals.

fl f fl
>ei= 2 (Y - Yi)r= X (Yi—[by + biX])?
ﬂ —_— —
XY, — nXY
b] — ;:;
X? — nX?
i=1
b‘n — ? — E?lf

1 Excel functions:
B=INTERCEPT(k nown,kyw@swn) x0s

SLOPE(Kk nown,kynosvn)_x 0s



A B C

Using Excel Functions to Find| | HomeMarket Value
» 11 3 |House Age Square Feet Market Value
Least-Squares Coefficients |? TR e
5 32 1,914 $104,400.00
6 32 1,842  $93,300.00
= = 7 33 1,812 $91,000.00
J Slope y bl = 35.036 8 32 1,836 $101,900.00
. : : ) 33 2,028 $108,500.00
=SLOPE(C4:C45, B4:B45) 0 - 1732 $67.600.00

} Intercept = b,= 32,673
=INTERCEPT(C4:C45, B4:B45)

} Estimate Y when X = 1750 square feet
Y =32,673 + 35.036(1750) = $93,986
=TREND(C4:C45, B4:B45, 1750)




Data > Data Analysis >
Regression

Input Y Range (with header)
Input X Range (with header)
Check Labels

Excel outputs a table with
many useful regression
statistics.




