Section 5.4
Residuals

A residual value is the difference between an actual observed y value and the corresponding

predicted y value, y. Residuals are just errors.
ﬁ

Residual error = observed value — predicted value

Example 1: A least-squares regression line was fitted to the weights (in pounds) versus age (in
months) of a group of many young children. The equation of the line is § =16.6 +0.65t,

where y is the predicted weight and t is the age of the child. A 20-month old child in this group
has a @ eight of 25 pounds. What is the residual weight, in pounds, for this child?

OSex'Ve_A

predicted : =166 +0.65(20V=2q ¢
Rewidual * 22-29.¢ =|-46

The plot of the residual values against the x values can tell us a lot about our LSRL model. Plots
of residuals may display patterns that would give some idea about the appropriateness of the
model. The sum of the residuals will always be zero, so they’ll always be centered about the x-
axis.

e If the functional form of the regression model is incorrect, the residual plots
constructed by using the model will often display a pattern. The pattern can then be
used to propose a more appropriate model.

e When a residual plot shows no pattern, it indicates that the proposed model is a
reasonable fit to a set of data.

XES
Figure 1 shows 5 shaped Qattern (linear model is_not a reasonable fit for the data). Figure 2

shows a quadrati ‘ﬁ_‘ rn (linear model is not a reasonable fit for the data). Figure 3 hasno
MO Dattern (linear model is a reasonable fit for the data).

Figure 1 Figure 2 Figure 3

LR 3

R command: resid()

Section 5.4 - Residuals 1



Example 2: The following data was collected comparing score on a measure of test anxiety and
exam score.

Measure of testanxiety | 23 |14 |14 |0 |7 [20|20|15]|21
Exam score 43 159 48| 77|50 |52 |46 |51 |51

a. Construct a scatterplot.
Commands:
anxiety=c(23,14,14,0,7,20,20,15,21)
score=c(43,59,48,77,50,52,46,51,51)
plot(anxiety,score,cex=2,pch=16)

Result:

score
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anxiety

Im(yn !3
b. Find the LSRL and fit it to the scatter plot.
Commands: Results:

call:

\ 5 Tm(formula = score ~ anxijety)
\N (Swre' n Qr\ $<\e’ Coefficients:

(Intercept) anxiety
For Yhe \ine

68.838 -1.064

a\:\'me (( m (scorevanxie

anxiety

LSRL: /\(\ = R.¥DR- | 06l ¥
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¢c. Findrand r’

Commands: Answers: P
cor(anyie , Score D - 0. (1T 6@.@\‘3/:
C:l:)ﬁf" (:;E;‘t\is( {lGZ-' \ qa’t:Jt:b“‘Eit:).‘«\ ::2__ (:) ) é&) 1:l.<::>iii:’ —_— (@) Qe

. - _ vVouriaTon
d. Does there appear to be a linear relationship between the two variables? O‘\"\C)

\YES \n scor-en is
. . exblouned
e. Based on what you found, would you characterize the relationship as positive or nedative? Il L_
=S

Strong or Wef‘f? .
ome wha 3—\1-0@% \ Y\Q&OL'\'\\IE.

f. Find the values of the reStauals and plot the residuals. What does this plot reveal?

Command:

. L
\‘eb\A Um CSCO\“Q ~ any \Q@
Result: _
1 2 3 4 5 6 7
-1.371724  5.054435 -5.945565 8.161794 -11.391885 4.436996 -1.563004
8 9

-1.881804 4.500756

e s diall — venid (I (scors vanciehd
plot (anxiely cemluale, car =2, peiv- 163

Results: ab \ne LO\OB

@ P\o'\' o@ ‘“\Q Pe;a{cg_uo,\s (s
- FrQ‘HZS Y"Clr\&;m‘ O ‘\'ke
. \)\D‘\ Ceveals Hhe thelSkl

e AQ‘\Q

Since the residuals show how far the data falls from the LSRL, examining the values of the
residuals will help us to gauge how well the LSRL describes the data. The sum of the residuals
is always 0 so the plot will always be centered around the x-axis.

Section 5.4 - Residuals 3



An outlier is a value that is well separated from the rest of the data set. An outlier will have a
large absolute residual value.

An observation that causes the values of the slope and the intercept in the line of best fit to be
considerably different from what they would be if the observation were removed from the data
set is said to be influential. When the influential is removed, it makes your LSRL look better
(fits the data better).

Example 3: Johnny keeps track of his best swimming times for the 50 meter freestyle from each
summer swim team season. Here is his data:

X | Age(years) |9 10 11 12 13 14 15 16

\’ Time (sec) | 34.8 34.2 32.9 29.1 28.4 22.4 25.2 24.9

a. Construct a scatterplot.

Commands:

age=c(9,10,11,12,13,14,15,16)
time=c(34.8,34.2,32.9,29.1,28.4,22.4,25.2,24.9)
plot(age,time,cex=2,pch=16)

Result:

&
3 .

b. Find the LSRL and fit it to the scatter plot.
Commands: Results:
call:

lm ( ‘\'\‘Y“e " q&Q—B > ImCformula = time ~ age)

Coefficients:
(Intercept) age
50.788 -1.744

abline (lm (Rme «za3e5> <

/; = 50182 —I. 7T Ly
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S“rroh& neaakwe

Gssocua %o\r\
c. Find rand r’.
Commands: Answers:
cor ( °]e \::NQB'\ - o.canlflél _ &H.Eﬂ% o& the
o (« c ‘f\\qz ':2_ {:).‘zg. t:) = \fClJ‘:Cl O ; n T
( % C'onstruct a rgdual plot then determine if the LSRL is a good model for his data. " ‘\\lme

Command: < Q&P\D_j hei
plot (ag,re&i‘i(\m (fime waeB‘ Cay = Z,PC‘\‘@ECS LSRL
sult: Gb\'\ne (0 lo)
—0.291666% 0.8523813 1.296423:35 -0.7595238 0.284523%53 -3.9714232 0.572619;

8
2.0166667

Commands:

Results:

orginalresiduals

T4 L]
T T T T T I
9 0 n 12 13 14 1

" N2g' ot age (4

e. Is there an inflg€ntial point (i.e. a point that is an outlier and has a significant impact on the
line of best fit)? " If so, identify it, and remove it from your data.

i. Construct a scatterplot.

Commands:

age=c(9,10,11,12,13,15,16)

time=c(34.8,34.2,32.9,29.1,28.4,25.2,24.9)

plot(age,time,cex=2,pch=16)
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Result:

[ ]
b L

bme

ii. Find the LSRL and fit it to the scatter plot.
Commands:
Im(time~age)

abline(Im(time~age))

LSRL:

/\l\: a2 -\.S1\x

iii. Find rand r’.
Commands:
cor(age,time)
cor(age,time)"2
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Results:

call:
Tm(formula = time ~ age)

Coefficients:
(Intercept) age
49.234 -1.571

tme

28

OLD
- 0.9\46
O R4 31

NEW

ANSWers:

-0a1as
0. 459K

Ex)v*er\.



iv. Construct a residual plot then determine if the LSRL is a good model for his data.

Command:
Ye.&iA Clm C'Hme ~ a&e)B
Result:
1 2 3 4 5 6 7

-0.2916667 0.6797101 0.9510870 -1.2775362 -0.4061594 -0.4634058 0.8079710

~ |

‘){o-\' (oae g5 c\( \W\C-\'\me maae$ | CK =2 |
abline (0.0 PC&\=\63

Results:

age

There are many possible justifications for removing the point (14, 22.4) from the data that
Johnny collected. The most likely reasons are suspicion that the data point was collected
incorrectly or perhaps outside factors, such as the length of the pool being incorrectly measured
or a defect in the timer used.
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