Chapter 13 — Inference for Regression

Computing a regression equation and looking at residuals plots is not the end of the story. We might want to know
if the slope (or correlation) is meaningfully different from 0. It’s not always apparent that a slope is meaningfully
non-zero. Consider these two equations for the selling price of a house: price=25+0.061%sgft and

price =25000+61*sgft . At first blush one might look at the small value for the slope in the first equation and

believe it’s reasonable to say the true slope may in fact be 0; however the difference is in the units — the first has
price measured in thousands of dollars, the second in dollars. They’re really the same line. In addition, we’d like to
(perhaps) make a confidence interval for a “true” slope just as we did for means and proportions as well as
confidence intervals for the average value of y for a given x and prediction intervals for a new y observation for an x
value. TI-83/84 calculators can perform the t-test on the slope as a native function. The other functions can be
performed either using the calculator output and tables for the s-distribution or with a program which is included in
this manual. TI-84 calculators have a built-in function to compute confidence intervals for the slope; the TI-89 can
do those as well as confidence intervals for a response

Returning to a problem considered before, here are advertised horsepower ratings and expected gas mileage for
several model year 2007 vehicles.

Audi A4 200 hp | 32 mpg | Honda Accord 166 | 34
BMW 328 230 30 Hyundai Elantra 138 | 36
Buick LaCrosse 200 30 Lexus IS 350 306 | 28
Chevy Cobalt 148 32 Lincoln Navigator | 300 | 18
Chevy Trailblazer | 291 22 Mazda Tribute 212 | 25
Ford Expedition 300 20 Toyota Camry 158 | 34
GMC Yukon 295 21 VW Beetle 150 | 30
Honda Civic 140 40

How is horsepower related to gas mileage? Recall the plot that was constructed

for this data in Chapter 5. It is reproduced at right. The trend is decreasing. The *

residuals plots in Chapter 5 showed no overt pattern against X (horsepower) and e

the normal probability plot was reasonably straight. Inference for the regression is + o,

therefore appropriate. *

D

Press [STAT), arrow to TESTS and select choice E: LinRegTTest. You tell the
calculator which list contains the x (predictor variable) values, which contains the -

y (response) values. Freq is normally set to 1. Indicate the appropriate form of L::]_;:TTEET[?Et
the alternate hypothesis. Notice there is an option to store the equation of the line. Wlist:ilsz

To store the equation as a function (here, Y1), press (VARS], arrow to Y-VARS, Frea:l

press to select Function, and to select Y1. Finally, with the EEEESIEE <@ -

highlight on Calculate, press [ENTER]. The TI-89 input screen is similar, but Calculate
there is an additional Draw option which, as usual shades the area under the 7
distribution corresponding to the p-value of the test.

LinRedTTest
This is the first portion of the output (notice the ¥ at the bottom left). The first g=a+hi
lines indicate the form of the regression so that you are reminded which quantity is BEE_ and_pid

) ) 2 L=-6. 3227 22868
the slope (b) and which the intercept (a) and the form of the alternate hypothesis in - -

. . S F=1,3237239e -5

the test. The computed #-statistic for this regression is —6.32 and the p-value for =13
the test is 0.00001, with 13 degrees of freedom. We will reject the null hypothesis [J.g3=4&. 85737521
and conclude not only that the slope is not zero; it is significantly negative. The |l

intercept for the regression is 46.87.
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98 Chapter 12 Inferences for Regression

Pressing the down arrow several times we find the rest of the output. The slopeis ~ [LinReaTTest
~0.084. We already know this is significantly different from zero even though its | =2+

value seems small. The standard deviation of the data points around the line is TEiE- SE%ES%%E 45
3.29. The relationship is strongly negative since r* = 75.5% and r = -0.869. 5_:3: SSTRS4ESS

et =15 o
=L BEEREEVEST

The output on a TI-89 includes all the quantities described above. It also gives the
standard error of the slope (used in computing confidence intervals).

L]
b
H

SE ok
¥z

KAD AFFROR  FUMC F

A CONFIDENCE INTERVAL FOR THE SLOPE

Confidence intervals (for any quantity) are always i3 Stat=s

estimate % (criticalvalue)(SE (estimate)) . In this case the critical value of interest ¥=215.6

will be a ¢ statistic based on 12 degrees of freedom. From tables, we find this is %Kﬁ%g?ﬁ 4

2.179 for 95% confidence. The standard error of the slope is 5§=EE- SOAS T AL
__ s(e) s(e) Tx=ed. 03511643

SE(by)= In=15

I (x-%)> 1)

Using 1-Var Stats for our horsepower data in L1, we find Sx is 66.281. We
3.29
1466281
denominator in parentheses and close the parentheses for the square root. Putting all the pieces together, the 95%

confidence interval for the slope is —0.084 £2.160%0.0133 or (-0.113, -0.055). Based on this regression, we
are 95% confident average gas mileage decreases between 0.055 and 0.113 miles per gallon for each horsepower in
the engine.

have all the pieces we need. SE(b)= =0.0133. When computing this, be sure to enclose the

, ] ) LinRegaTInt.

The TI-84 and -89 calculators can automatically compute the confidence interval u=g+h
for the slope. From the STAT TESTS menu, select G:LinRegTInt. This is C-. 1124, - @552
option 7 on the Ints menu on the TI-89. The input screen is the same as for the |'-'l=_' « B335832245
t-test, except that it asks for the amount of confidence. From the output at right, dfg 1 %E?E‘S 4ESS
we see we are 95% confident that gas mileage decreases between 0.055 and 0.112 o

. ) : . ) T Ja=46, 36797521
miles per gallon for each horsepower in the engine. Notice this result is just |

slightly different from that obtained above due to rounding.

A CONFIDENCE INTERVAL FOR THE MEAN AT SOME X

What should we predict as the average gas mileage for a vehicle with 160 horsepower? Evaluating the equation for
160 horsepower gives 33.46 miles per gallon. This is just a point estimate, however and is subject to uncertainty just
as any mean is. Confidence intervals account for this uncertainty. In this case there are two sources — average
variation around the line as well as uncertainty about the slope which makes estimation more “fuzzy” further away
from the mean. Both of these are accounted for in the equation of the standard error,

s2(e)

n

SE(f1,) z\/sz(bl)*()q, %)%+
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Confidence Interval for the Slope 99

2
Putting everything together, we find SE(Z,) _Jo 01332 (160 215.6)% + - 159 =1.126. The ¢ critical value is
still 2.16, so the confidence interval is 33.46+ 2.16%1.126 or (31.03, 35.89). Based on this regression, we estimate

with 95% confidence the average gas mileage for vehicles with 160 horsepower will be between 31.03 and 35.89
miles per gallon.

f Lingar Fgdression T Inksrual

" ¥ List: L7
Froa 1]
Share FedEan ko pL0K
Inkerual: Fesponss: &
¥ value: B ]
CLguwgl: EE 7
2, Enker=iE EEE=CAREEL
TYFE + [ENTERI=OK WD [E SCI=CANEEL

Using a TI-89, option 7:LinRegTInt on the Ints menu will do all the
calculations for us. Specify the lists containing the data, and select Response as
the type of interval. Specify the x-value of interest, and the confidence level.

T T T

The first portion of output gives V,the fitted value found by evaluation the

=33.4EBE
=1z,

equation at the x value of interest. We also see the confidence interval (31.03 to
35.89 miles per gallon is our 95% confidence estimate for average gas mileage for
a vehicle with 160 horsepower, based on this sample), the margin of error for the
estimate, the half width of the interval, and the standard error of the estimate.

={31.02,2E.0897
HME =&.lzBz?
ZE =1dzt0d

FIAIN FRD RFFRDR_ FURC 77

A PREDICTION INTERVAL FOR A NEW OBSERVATION

What would we predict for gas mileage for a particular vehicle with 160 horsepower? The point estimate is still
23.76 miles per gallon, but we have some additional uncertainly because individual observations are more variable

s (6)

than means. The standard error becomes SE(3,) \/ s7(by)*(x, — x) 42 (e) which for our data becomes

3.29°

SE(i1,) 2\/0 01332 *(160-215. 6) +227 43292 =3.477. So the prediction interval is 33.46 + 2.16%3.477 or

(25.95, 40.97). Based on this regression we estimate with 95% confidence the gas mileage for a vehicle with 160
horsepower will be between 25.95 and 40.97 miles per gallon.

With the TI-89, this interval is found by scrolling down the output from the
LinRegTInt described above. We see the calculator found the same interval as
we computed “by hand.”

=z.MeBe?
=11z401

Fred Ink ={zE.8540.0987
ME =P.E04aE
SE SENFEEE

=46.068

2 1.
HMAIN EAD AFFREOH FUMC Fl

**A PROGRAM FOR REGRESSION INFERENCE

The author of this manual has written a program that performs these functions. (A listing is included and the
program can also be obtained from the Intro Stats website which can be downloaded into a TI-83 or TI-84.) The

program name is LSCINT. Once the program has been loaded into the calculator, to run the program, press

and select that name from the list of programs. PgrmI.SCINT is transferred to the home screen. Press [ENTER] to start
the program.
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100 Chapter 12 Inferences for Regression

You are prompted for the X list. enter its name and press [ENTER]. Do FramLSCINT
the same for the Y list. A LIST=L1

W LIST=L:z
The next screen gives the coefficients in the equation, the correlation coefficient W=athe

S 2 o a=46,. B67Ir0L
(r) and the coefficient of determination, " and well as the standard deviation of the h=-.RAS30A322

residuals (s). Press to continue. r=-. 3636827
Fi=, Fodea9s

1
45
23
23
S=3. 287054895

wO=-dkd

These are the results of the t-test for the slope. Press to continue. A e =] e

t’ L]
df=13
F=2. 6474477 36E -3

[ ||

You will next be prompted for a confidence level (enter it as a decimal) and the C LEVEL=.35
value of X for which confidence and prediction intervals will be created. Press #=716H

ENTER] after inputting each value.

, o T LEVEL=.95

The calculator displays the confidence interval for the slope. Press to M=2150

continue. SLOPE ClI=
. 112435735847
- 8551698644

Now the calculator displays the y-value for the given x and confidence and V=33, 45945323

rediction intervals. Press to finish the program. MEAH CI

P proe 21.83118796

S, 227 raEa6l
HEW Y CI

22.954512
46, IE44HEDE

WHAT CAN GO WRONG?

Assuming the lists are the same length, not much can go wrong that has not already been covered. One problem in
doing many of these computations “by hand” comes from the compounding of round-off errors in intermediate
computations. One is generally safest in using many digits in the interim and rounding only at the end. (Notice the
“hand calculated” intervals are somewhat different from those obtained from the calculator. This is the reason.)
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TI-Calculator Program for Regression Inference 101

Program LSCINT listing (T1-83 Ascii version) This can also be found on the Stats: Data and Modeling website.

Input "X LIST=",LX
Input "Y LIST=",LY
FnOff

LinRegTTest LX,LY,0,Y1
ox’n[STO V:s[ST0#)S:E[STOMM:n[STOSIN
ClrHome
Output(1,2,"Y=a+bX"
Output(2,2,"a="
Output(2,4,a
Output(3,2,"b="
Output(3,4,b
Output(4,2,"r="
Output(4,4,r
Output(5,2,"r’="
Output(5,5,r>
Output(6,2,"S="
Output(6.,4,S

Pause

df[STO®K
ClrHome
Output(1,1,"t="
Output(1,3,t
Output(2,1,"df="
Output(2,4,K
Output(3,1,"p="
Output(3,3,p
Pause

ClrHome

Input "C LEVEL=",C
Prompt X

K+1[STO®JK:b[STO»]A

TlInterval 0, V (K),K,C
upper{STOHT

A-T*S (V)STO»JP

A+T*S/N (V)[ST0*)Q
Output(3,1,"SLOPE CI="
Output(4,2,P

Output(5,2,Q

Pause
Y1-STV(N ' 4+(X-M)*/V)[STO»)P
Y1+STVIN +(X-M)*/V)[ST0%]Q
Y1-STV(1+N ' +X-M)>/V)[STO»)J
Y1+STV(1+N+(X-M)¥/V)[STo»)U
ClrHome

Output(1,2,"Y="

Output(1,4,Y1
Output(2,1,"MEAN CI"
Output(3,2,P

Output(4,2,Q

Output(5,1,"NEW Y CI"
Output(6,2,J

Output(7,2,U

Pause

ClrHome
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102 Chapter 12 Inferences for Regression

Commands for the TI-Nspire™ Handheld Calculator

For inference for regression, create two lists of data. The automobile example
is shown.

57 |32 |
Then open a Calculator page, press , select Statistics, and Stat Tests. I ; : QE&E)Q; ’| ReaL |
152t
i 3 Complex ¥ o
y=4: Calculations b H
5: Probability ¥ |
5 B: Statistics 1: Stat Calculations... M
3] 7: Matrix & Vec|2: Stat Results
3 8: Functions & I3: List Math M
A: List Operations M
51 Distributions... W
6: Confidence Intervals... M
/ o r
W]
o]
08 ||
Select Linear Reg t Test. 2 T Actions P A
g2 Mimher
1:z Test , =
2:tTest »
3 2-Sample z Test N
4. 2-Sample t Test Calculations... y
51 1-Prop z Test Results
5: 2-Prop z Test \Aath N
7: % GOF Cperations )
St x* 2-way Test butions... »
El fidence Intenvals... »
Tests... H
|
b |
CHANCYA 2-Wa 0/99 ‘I

Select the list names.

Frequency List: | 1

Alternate Hypl | Ha: B & p#0 w=

Cancel

]
=
X List: | hp
¥ List: | mpy
Sawe RegEqgn to: | 12
i
=]

RAD AUTO RECT

Title" "Linear Reg t Test!
"Alternate Hyp" "Bp=0"
"RegHEqn" "atbEr"
"t -6,32272
"Pial" 0.000026
"dr 13.
g 46,868
T B
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Commands for the TI-Nspire™ Handheld Calculator 103

To construct a confidence interval for the slope, press , select Statistics,
and Confidence Intervals.

Select Linear Reg t Intervals.

Select Slope.

Select the list names and the level.

103
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f21: Tools M1o REAL i|

Leo 2 Murnber M =
i 3 Complex W
y=4: Calculations ¥
5: Probability "

5 B: Statistics 1: Stat Calculations... M

[ 7: Matrix & Vector|2: Stat Results

¥. &: Functions & Prg3: List Math M

4: List Operations M

5: Distributions... M

er b

M

]

5

08 ||

f21: Tools M1o REAL i|

Leo 2 Murnber M =
i 3 Complex W
y=4: Calculations ¥
5: Probability "

£: Statistics Y

1: Stat Calculations...

fat Results

7 Interval =t Wath

s tinterval st Operations
12-Sample z Interval istriputions...

1 1=Prop z Interval ot Tests...

: : Multiple Re Intervals

z Interval

1
2
2
4511 2-Sample tirterval — onfidence Intervals...
&

t Int

f=]
Z
S =le v -

[ 2] RAD AUTO REAL

=3
&

15 o4 — ] ]

JCList: | hp

 List | rmpg
Save RegEgn ta: | f1
Frequency List: | 1

C Level: | 0.65

Cancel

15 o4 — ] ]

7

[ 2] RAD AUTO REAL il

=]
1,1,0,.95: CopyVar sfaf. Reg fgn fit sf_a!.resm'fs‘

"Titla" "Linear Reg t Interval"
"RegEqn" "atb*x"
"CLower" -.112437
"CUpper" -.055169

"B 033803

"ME" 028634

"df" 13,

£l

111 ||




104 Chapter 12 Inferences for Regression

To construct the interval for the average value of the response variable, begin
in the same way and select Response, rather than slope.

Select the list names as before. In this case also enter the value for the x
variable. In this case hp = 160.
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RAD ALUTO REAL

g

| "Resia” e
1499 |

—————— | ®

:

99

i KA RAD AUTO REAL il

=]
4160,.95: CopyWar sfaf. Reg fgn, f2: sf_af.resm‘fs‘

" Tifle" "Linear Reg t Interval"
"RegBEqn" "a+b*x"
g 33.4595
"ag" 13,

"CLower" 310312
"CUpper" 35.8877
"ME" 242827

I
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