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N N o
SSE=Y et =3[ ~(h+ hx)] ==
=1 i=1 3.6 |~~~ Lower Obs. Boun
SIGNIFICANCE LEVEL FOR TWO-TAILED TEST o
dt [ 20 | .10 05 0 01 001 |
I | 3078 | 6314 | 12706 | 31821 | 63.657 | 636619 i
2 | 1886 | 2920 | 4303 | 6965 | 9925 31598 | *
3 | 1638 | 2353 | 3.82 | 4541 | 5841 12.941 L I
4 | 1533 | 2132 | 2776 | 3747 | 4604 8.610

Lecture 2E - Linear Regression

seermenat | OVErview of Linear Regression

Engineering

« Take data.

* Assume linear. 4 =0.183+0.067(80% conf.)
« Perform regression.

 Report slope and intercept. S, = 2.238+0.418(80% conf.)

Plot data, line, uncertainties.

Partial list of techniques:

Least Squares

Least Absolute Deviation (LAD)
Median-Median

Least Median of Squares (LMS)
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« Take data.

Assume linear.

Perform regression.

Report slope and intercept.

Overview of Linear Regression

A

S, =0.183+0.067(80% conf.)

A

B, =2.238+0.418(80% conf.)

Partial list of techniques:

* Least Squares

» Least Absolute Deviation (LAD)
« Median-Median

» Least Median of Squares (LMS)
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The set of measurements
{(x17y1)7(x27y2)7'"a(xN7yN)}

Y, =By + B + &
Can we calculate the error?

& =D _(ﬂo +:B1xi)

The set of errors {&,,&,, &y}

Measurements and Residuals

Calculate the residual
&=y -Y =Y —(5’0+ﬁ1xi)
The set of residuals
{el’ew...eN}

The Sum of Squared rEsiduals, SSE

N N N

Z:ei2 = Z(yi _5’i)2 = ;[yi _(ﬁo +ﬁ1xi):|2

i=1 i=1
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Best-Fit Slope & Intercept

Experimental
Engineering

i(x -%)(3,-7) Root Mean Squared rEsidual (RMSE)

Lose two degrees of freedom by calculating 4,4,

ESO Standard Errors & C.I.'s
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Standard Errors Confidence Intervals

Sy, =5, ‘%@ A, =Sy,

Remember: df=N-2

S, =5, ‘ﬁ 2, =18,
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Histograms to Lines
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Histograms to Lines

ESO

Experimental
Engineering

Histograms to Lines
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Histograms to Lines
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Histograms to Lines
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Histograms to Lines
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Confidence bound on line or mean value y at x (functional bound)

— = o P 2.
S& = Se %‘F N(x x) ﬂ& ZtS& Yucty éo +'?1x+ 6%
(= _f)z Vievy = Bo + Bix =4

i=1

Confidence bound on data (observational bound)

— %V Yoo =B +px+A
Sy:Se i N(x x) ﬂ‘y:tsy N AO Al !
N Z(.’X:i—f)2 ylcby:ﬁo—l—ﬂlx_ﬂy

i=1

33
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N
(Hours.ffiSIeep) ((‘E)F]’f-\) R Z( A
7.5 3.70 B, =— =0.0407
4.0 3.10 D (x, -
6.0 3.32 '
5.0 2.98 1 —2
8.0 3.68 S, =8, |- +5———=0.255
0 N —9
D (x,-X)
i=1

t(df =3,80% conf.) =1.638
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DoS GPA versus Sleep Results

X;

(Hours of Sleep) (GPi\) X Data Points
Best Fit Line

7 . 5 3 . 70 38 |——-m Upper Func. Bound

== ==L Fi . B d

0 3.10 T e e

3 32 3.6 |-~~~ Lower Obs. Bound

2.98 aaf

o
W
(o))
(09)
GPA

mean 6.1 3.36 s2f -

B, =0.183+0.067(80% conf.) 3

A 28F

B, =2.238+0.418(80% contf.)

2.6

4 4.5 5 5.5 6 6.5 7 7.5 8
Hours of Sleep

35
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4 ‘DoS GP‘A versu‘s Sleep‘ResuIts
X Data Points y=2.238+0.183+7 =3.52
JCRCJull 3?\1’:"2'—1& Bound 2
—-—-——Lower Func. Bound -7 T —_
~——— Upper Obs. Boun L 1 X—X
3.6 ****Eg\zergss.sounj -7 e * S =Se 1+_+IV(—) =0.154:
. T P Y N _\2
341 o T T 1 Z(x‘ _x)
< p e i i=1
% — - — > |-
L A =tS. =0.254
y y :
3L
28p” 1 y(7)=3.52+0.254 =[3.27 3.77]
26 : : : : :
4 4.5 5 55 6 6.5 7 7.5 8
Hours of Sleep
36
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Student’s t as a Function of N

7 T T
6 |
51 |
o —\2
2 4r i (x — x)
e
_ 5 S. =8
L =1, g y e N
y E 3l | _\2
> (x, - %)
i=1
oh
1r ]
0
0 5 10 15 20 25 30
Number of Measurements, N
> B 11 | 11ptApplicationFont ~ | Jov o~ v 25+
Best Fit Line Roints Colnt Ji7ED
6- | Data Points B
= Best Fit A~
= Upper Mean Bound |~ ..~
B Lower Mean Bound
2 Upper Data Bound |,
L Lower Data Bound ‘: 2
0
=1-] Number of Paints
o 2 7l 250
2 3
S : | e oo d el
= l =) 3000
@ . :
g -6 _Slope
g P15
= 1 D | T Inlercept
T T T T T T T ] 1 ™ o5
-10- .
-11-] — — . _ | _ | , M _Standard Deviation
-12-1 oK
=13~ confidence level
-14- o) 0.95
A Range
-16-, 1 1 1 1 1 1 1 1 | 1 | 1 1 1 | 1 | =3 .
-6 -665 -6 -45 -4 -35 -3 -25 -2 -1656 -1 -056 0 06 1 16 2 26 3 3656 4 45 6 55 & v
Independent Variable

38
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1. For a line, make at least four measurements.

2. DO NOT calculate these things by hand. Use a software package.

3. Report your results with the confidence interval and the confidence
level, e.g., f, =0.183+0.067(80% conf.) f3, =2.238+0.418(80% conf.)

4. Plot data points, best-fit curve, function confidence bound, data

confidence bound.
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