FST 2-2 Notes
TOPIC: Linear Models

GoAL - (EQUAT (NS

Discuss the idea of a line of fit and the use of the sum of squared residuals as a measure

of that fit.
Vocabulary
SPUR Objectives
; linear function
B Compute residuals from observed ——
aml‘ aredlct?d values. interpolation
F Find and interpret linear models. extrapolation
| Use scatterplots and residual plots observed values
:’o tc:nw conclusions about models for predicted values
ata. residual

sum of squared residuals

Linear function - is a set of ordered pairs (x, y) satisfying an equation of the form
y=mx+ b where the slope is m and the y-intercept is b.

Slope = r(lf’f" Steepness of \ine | Cate of c.lr\&ncl}& Y2-Y,
=%

Y-intectept = Pom’r whete line. Crosses H_wg

Point-slope form =

Y=Y, TMm (x- XD whete, (X)tD 1S Ol.ponﬂ‘t
|n-l-€r'pb lat:ﬁaﬂ is predictmg%:t:‘;fsobseweduﬂj& 'l lrle,

ﬁx m%lc\:hm is predicting values outside the range of observed data. It

depends on an assumption that a relationship will continue past the known data.

O 1956\" VQCQ. Va-lue&‘mc data collected from sources such as experiments or

SUrveys.

P(‘@QTCJ('C& UQJL[E‘S are values predicted by a_tﬂ%ﬁjﬁm

‘K‘ﬁg Residual = O \OSGWQA value minus ‘Piﬂdm value.
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1) At the right is a scatterplot of the 3 K Bﬂﬁf\\) \
prices of selected 2008 vehicles and ol B! T T TITINS
their estimated city mpg. = ‘S,&‘ﬁ 7
o, ~{_ |[Js33, 12)]

mpg City

a) Use the identified data points to find an . ~
equation for a line to fit the data. YT T T T T T TS )
5

Shpe = yo~Y; = [2-2% R T T TTT L
Xz,"xl q&%"’lgal : 9: 2"%“_:_”!—0'2!3}( .‘_3.?553

Y=Y+ (X=X pt(lis.l,z@ .
Y=2R+"0UD(X~18.D) [ Y= 0212 +31.855 |

\
b) What does a negative slope of the line mean in this context? moclerl

Estimactedl CH@ MPG< for avehicle |
by 0,212 Sor evecy $| D inprite of o

c) If a vehicle cost $32,000 how many city MPGs are expected? (interpolation) 32 DD O ’9 3 2
]

(j =0.213x+ 3[.8393
§=-0,213(32) ¥31.855

Y =25.0%9 *—?

d) If a vehicle cost $95,000 how many city MPGs are expected? (extrapolation) Cf-‘j/ 000 —9 ? S

Yy=-0.212x+ 31855
Y=-0.213(39)+ 31855

y= 1162 [ Zrps ] "
¢) What is the expected price of a vehicle that gets 19 mpg? e : 5 . S . 2 3
4= ~0.213x + 31,859 .-gfpgf 70.7-15)(

B -3 95 :
31,853 L 70,35)




How well did our model fit the data?
Is it the best madel?

cessus- OpSertedvalues minus praif cted. values

Y *>
gata points
(observed values)
made! of data
X

ﬁ vertical distance between data point and model

* used to determine the line of best fit

Residuals are (+) if observed value is above line

Residuals are (-) if observed value is below line

sesered  Residuals ace zero iF observed value i on lie

(q3 3 | @ f) Explain why the value of the residual for (93.3, 12) is equal to the value of the residual C \g.! J’Z,%
el for (18.1, 28).

P Nyt

Qa2 fpoents g 28 e

£) One of the point 0211 t; scla%rpi; isc()gﬂ. 21). Calculau[: its residual.
W=—0213x+ 3|.855 Q;N?Z
e “0.212(26.0)+31.855 o
Y= 265 (predi wﬂrcc).) 3 \0@\0‘?\@

Resid = obs— pred _

b
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2) A diamond speculator used the line with O bse m{e*&- d'&'*m

equation y = 2400x + 400 to estimate the price of Diamond Ring Prices by Weight of Diamond

: ; Price (US. doltars)
diamond rings. 015 48450
016 507.00
a) What would the speculator predict for the :';:
se  Feetieozs ol C
03 141750

¥ ) Y=2400x+H00 T

W et y=2400(.29) +400
X0 ‘?“’M’ J :%10(0() ( predicied \Ja,\ue)

b) What is lhektdsidual for the 0.25-carat diamond ring.

Residua) = observed. — pra&icfre&

= %%-lOOOJr SO
- U ()
=37 $§£7’ leSspfmn pce,di ohed

Linear Model 1 Linear Model 2
Squares are shown for a line that does not  Squares are shown for a line through two of
go through any data points. the data points.
Diamond Ring Prices by Welght of Diamond Diamond Ring Prices by Welght of Diamond
e {2 el 171 (79131
vaag | Dpsd s = 000, 09 | _ L, oo | ContEe Ve - TN Ge < 30000 |
G 1 Lal"- S um |
S 100 - S 1w
el Eaimzi o AP e
- ] | sl P L
400 400 |
" 016 0™ 024 028 032 036 > 016 020 024 028 032 036
Weight (carats) Weight (carats)
Total area of the squares = 237,800 Total area of the squares = 59,870

ﬁ( Xm second line is a better model of the data because it has a smaller
total area of the squares. Thelom]mthewm

Definition of Sum of Squared Residuals

n
Sum of squared residuals = Z (observed y; — predicted y;)2
=41

We e MeasSuring the o ation b@fween ‘H\ﬂ
Aot and +he Yine. The better the Model
(Equation) The Swaller +he sui of Squated fesiuals



Model Eguation isused 1o Calculote
pre,dar,Jred value. -

Ath mdldblhquﬂ.r) 4.2r — 5.7, Residuals for (" x  [Residual
ertain values for x are given at the gltWhlrcth observed value 10 04

Pred = 4,2(1.0)-5.9 R?_S:dm\ O\DSQNQ{;\-" edlitted

s 04 = xol15)
- -0 4= X+LS
-5 .S
Obsaw\ .:
Pred = 4,2(25)-5% -0-f
= 13 [2L=X-49
9.8 44%
Obseie (0. 0=
Pred = 42(90)-57  Resid= Obs —Pred
= 52_\ 3‘O=X"‘32.]
+32. F52.0

M}«@@: ¥



ovseryved volues

FST 2-2 Additional Notes Diamond Prices by Weight
: Weight Price §
1) The equation for the scatterplot of these | 18 702.00
data is y = 2400x + 400 . 0.25 963.00
0.27 1080.00
a) What is the residual for a 0.18-carat 0.33 1417.50
diamond?

— €372 (prediked) e ZO?‘[?;Og 52

b) What is the esidual for a 0.27-carat diamond?
Y= 2400(»27 :-f-‘{OO R=0 ’19
W= \OYK @redm)re&) l%; 1080-(01%
S a0
p2=39>= (024
¢) Calculate thf squared residuals for the diamonds.

Obs —fred = Resd = R*

Y= 2900 (-1%) +400 Resid = Dlos — Pred
9

4= 2400(A )+ 400
B2 702~ 332.= 7130 = (6,900
Y= \20‘208 (25)+400 g2 —p0= 37 = 269

g = ?_qao ¢a)+4o0  [0B0 — 1048 = 32 =)02Y
LA Y150 |92= 2255 = 50,850.2°

=2400(,%%) +400
lj (92 ) Sam:?())l%%




d) The diamond speculator uses the equation to predict the price of
0.40-carat diamond. Is this interpolation or extrapolation?

= Xfrapo (ahon 40 1S owdsicle, The
e) What is the diamond speculator prediction from part d? (\0“(\%@- é\% T 627)

= 2400140 +400
% (260



