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Goal

Mileage is the distance traveled in comparison to the fuel/gas filled in the vehicle. There
are a number of variables, such as make, model, year, and engine option that affect a
vehicle's gas mileage. The purpose of this project is to determine which variables are
significant or important in influencing the Miles per Gallon (MPG) of vehicles. Statistic
methods, the scatter plot, ANOVA the residua plot, regression analysis and outliers
detection are utilized with SAS software in order to achieve our goal.

This project illustrates the key techniques using SAS JMP software. Emphasis is on
understanding how to go from a practical question to a statistical technique that is readily
available in good statistical software packages, and how to interpret and make use of the
output of these statistical analysis routines.

The data is downloaded from the Fuel Economy Database:
(www.fueleconomy.gov/FEG/download.shtml)

Analysis

First, I examine the correlation of the MPG of the cars and origin (American, European,
or Japanese).

The following plot shows comparing the test means for three origins of cars:
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Summary of Fit

RSguare 0331317
F=guare Adj 0327888
Foot Mean Sguare Error 6390572
Mean of Response 2344631
Obzervations (or Sum Wigts) 383

h

[.ﬂ-.nalysis of Wariance ]

Source DF  Sum of Sguares  Mean Sguare F Ratio
Mlocel 2 75891 646 94582 966180
Error 380 15927 3 40.84 Prob=F

= Total 392 2381907 B0.7E =.0001

.

[Means for Oneway Anova ]

Level Mumber fdean  Sto Errar
Europe BE 2TE0Z29 077497
Japan 79 304506 0.71900
sa 246 200430 040745
=td Errar uses a pooled estimate of errar variance

h

In the plot’ s |eft side, the middle line in the diamond is the response group mean for the
group and the vertical endpoints form the 95% confidence interval for the mean. The
variances are not significantly unequal.



r[Means Comparizons ]

Dif=Mean[i]-Meanj] Japan Europe =a
Japan [.0000 28477 104027
Europe -25477 0.0000 75540
s -10.4027 -7.5550 0.0000
Alpha= 005
Campatizons for each pair using Student's t

t
106600
Abs(Dif)-LSD Japan Europe =a
Japan -1.99915  07E926 877750
Europe O7E026 -215473 583355
s 8FFTas 583355 113290

Positive values showy pairs of means that are significantly different.
Comparizons for all pairs using Tukey-Kramer HSD

qx

235270
Abs(Dif)-L=D Japan Europe =
Japan -2.39225  0.3B057 845835
Europe 036057  -257840 540505
sa G.45535 549306 -1.35567

Positive values showe pairs of means that are significantly different.

h o

The plot shows that the confidence intervals don’t overlap, we can conclude that the
means are significantly different. The p-valueislessthan 0.0001, it conform our
conclusion.

From the chart of “mans for one-way Anova’, it discovered that the sample size for the
three origins are different. So, | applied comparison circles graphical technique, because
this graphic works in general with both equal and unequal sample sizes. The plot displays
three circles for three groups (origins of cars), which have no intersection. Tukey-
Kramer (HSD) is applied to adjust for multiple comparisons to decrease Type | error. In
the Tukey table, it still display that the means are significant different.

Conclusion: Thereis strong evidence that the car’s miles per gallon are significant
different for these different origins. The Japanese cars have the highest Mpg (mean is
30.45 mpg) and the American cars have the lowest Mpg (mean is 20.05), European cars
arein middle of them (mean is bout 27.60).

The model year is also an important factor on the MPG of automobiles. | then examine
the correlation of the MPG of the cars and model year. The data contains vehicles MPG
information of car made in 1970 — 1982. | use LSD(least significant Different) and
Tukey-Kramer HSD to test if it is significantly different between the model years.
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Alpha= 005
Comparizons for each pair using Student's t
t
1.96626
Aha(Dif)-LsD ] g2 &1 il TS v T4 T 71 75 T2 7o T3
g0 -3.1334 -1 6611 01002 5.22M 5.4051 5.9109 74566 §.5547 91457 100722 11576 126236 0 134320
g2 -1.6611 -3.0465 -1 2861 38343 50224 55246 E.0693 740 775590 §6869 104853 112377 120503
&1 01002 -1.2861 -3.1534 1.8665 31516 36573 4.2030 26011 58922 G857 5.3180 9.3700 101754
79 9.22Mm 36343 1.9665 -3.0953 -1.8121 -1.4080 -0.5625 05371 05266 1.7535 3.2527 45048 21155
T8 5.4051 50221 31516 -1.9121 -2.7810 -2.2869 -1.74458 -0.3340 -0.0538 0E777 2.53738 34274 428058
7 6.9109 55246 36573 -1.4080 -2.2869 -3.1534 -2.6077 -1.2096 -0.9186 0.0030 1.5073 25593 3.3677
T4 74566 60693 4.2030 -0.5628 -1.7445 -2 BO7T -3.2724 -1.8782 -1.5839 -0.6559 08415 1.8929 26969
TE §.6247 74710 26011 0.5371 -0.3340 -1.2096 -1.6752 -2.8616 =257 -1 G456 -0.1318 05014 17213
71 9.1457 7.7590 55922 05266 -0.0535 -0.9186 -1.5839 -2.5791 -3.2112 -2.2855 -0.7856 02661 10723
75 10.0722 86869 G5.5187 1.7538 0.8777 0.0080 -0.6589 -1.6486 -2.2855 -3.0465 -1.5480 -0.4956 0.3170
72 115716 101853 5.3150 32827 23738 1.5073 08415 -01518 -0.7336 -1.54580 -3.1534 -2014 -1.2930
7o 12,6236 112377 9.53700 4.3049 34274 25593 1.6929 05014 0.2661 -0.4936 -21014 -3.0983 -2.2580
T3 13.4320 120503 10417584 51155 4.2505 33677 26969 17213 10723 0.3170 -1.2930 -2.2880 -2.6383
Positive values show pairs of means that are significantly different.
Comparizons for all pairs uzing Tukey-Kramer HSD
ot
3.33408
Ahs(Dif)-LSD g0 g2 1 79 TG 77 T4 76 71 75 T2 70 73
g0 -5.3470 -3.8179 -2.0935 30454 4.3369 47173 5212 B.7601 9318 79155 93730 104489 11.4096
g2 -3.8179 -5.1657 -3.4429 1.6965 28993 33678 3.8700 54150 55816 65676 5.0256 91003 10.0679
i1 -2.09335 -3.4429 -5.3470 -0.2051 1.0834 1.4637 1.9676 35065 36783 46619 5.1244 71953 §.1560
79 3.0454 1 6965 -0.2081 -5.25940 -3.9601 -3.5826 -3.0796 -1.5376 -1.3683 -0.3836 1.0751 21494 3136
T8 4.3369 2993 1.0834 -3.9601 -4.7156 -4.3551 -3.8573 -2.2989 -2.1435 11514 0.3056 1.3794 2.3649
77 47173 33678 14637 -3.5526 -4.3551 -5.3470 -4.5431 -3.3042 -3.1324 -2.14588 -0.6563 0.3546 1.3453
T4 92212 JA700 18676 -3.0796 -3.8a73 -4 5431 -5.5459 -4.0166 =383 -2.0a52 -1.3939 -0.3239 06292
TE B.7601 54150 35065 -1.8376 -2.2989 -3.3042 -4.0166 -4.5524 -4 B949 -3.7046 -2.2464 -1.4733 -0.1933
71 £.9319 55816 36783 -1.3685 -2.1435 -3.1324 -3.8391 -4 6949 -5.4452 -4 4628 -2.9995 -1.9290 -0.8720
75 7.891585 65676 46619 -0.3536 -1.1514 -2.14588 -2.5582 -3.7046 -4 4628 -51657 -3.7045 -2633 -1.6634
T2 9.37580 0266 51244 10751 0.3056 -0 6863 -1.3939 -2.2464 -2.9995 -3.7045 -5.3470 -4 271 -3.31594
70 10.4489 91003 71953 21494 1.3794 0.3846 -0.3239 -1.4733 -1.9290 -2633 -4 2761 -5.2540 -4.2898
73 11.4086  10.0679 5.15860 31136 2.3648 1.3453 06252 -0.1933 -0.9720 -1 6654 -3.3154 -4.2595 -4 4736

Positive values show pairs of means that are significantly different.

In the plot’ s |eft side, the middle line in the diamond is the response group mean for the
group and the vertical endpoints form the 95% confidence interval for the mean. The plot
shows that the confidence intervals don’'t overlap for model years 80 and 82 with model
years 70's. The elementsin the table show the absolute value of the difference in the
means, minusthe LSD. If the values are positive, it's significant different. Thetable
shows that the means are significantly different.

Conclusion: The mpg of the cars of 80 and 82 model yearsis significant different from
the mpg of cars of 70's.

The third important factor on MPG is the number of engine cylinders. | use LSD and
Tukey-Kramer HSD to test if it is significantly different between the different number of



engine cylinders. The sample sizes of the cars with cylinder 3 or 5 are very small, so
only 4, 6 and 8 cylinders engine cars are being considered. There are threecirclesin

L SD and Tukey-Kramer HSD graphic. Thethree circles don't intersect and in the
Tukey-Kramer HSD table. We can conclude that the means are significantly different.
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Studernt's t Tukey-Kramer
cylinders 0.05 n.0s
Alpha=  0.05
Comparizons for each pair using Student's t
t
186613
A b Dif)1-LSD 4 5 3 E a
4 -0.8244 -3.4880 4 0376 a0Fs0 13473
5 -3.45580 -7.5476 -0.2435 1.89606 5.9594
3 4 0376 -0.2435 -6.5564 -4.1:555 05761
21 5.07s0 1 9608 -4 1555 -1.4340 36469
8 131713 E.9394 08761 3.E4E9 -1.2881
Positive values show pairs of means that are significantly different.
Comparizons for all pairs using Tukey-Kramer HSD
q*
274065
Abs(Dif1-LS0 4 g 3 [ g
4 -1.2885 -5 B0E2 21987 F.500g 127297
5 -SE0E2 10,5200 -30247 -0.173a5 4 SSEE
3 21857 -3.0247 -9.1114 -6.01396 -0.8797
G 70896 01795 -G.0195 -2.0002 3095
8 127297 4 B5EE -0arar 31003 -1.7955

Positive values show pairs of means that are significantly different.

The plot displays three circles for three groups (number of cylinders). Tukey-Kramer
(HSD) is applied to adjust for multiple comparisons to decrease Type | error. In the
Tukey table, it display that the means are significant different.

Conclusion: Thereis strong evidence that the car’s miles per gallon are significant
different for vehicles with different number of cylinder engines. The 4-cylinder cars have
the highest Mpg; the 8-cylinder cars have the lowest Mpg.



