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INTRODUCTION

In our project we had decided to do a research on cars or vehicle specification as people
are always careless and not aware about this fact. The main reason on why this concept were
chosen because, cars or vehicle specification are something that really significant and should be
emphasize by people. In this context, we are going to do a study about miles per gallon (MPG)
and model years of cars. First of all, car is a motor vehicle with four wheels that is used for
transportation. Cars are typically defined as vehicles that drive largely on roadways, seat one to
eight people, have four wheels, and primarily transport people rather than cargo, according to
most definitions. Cars also have controls for driving, passenger comfort, and safety, which are
often manipulated with a combination of feet and hands, and in certain cases, by voice in 21st-
century cars. When German inventor Karl Benz patented his Benz Patent-Motorwagen in 1886,
it is considered the birth year of the modern car. Years by years, the production of car are
increasing due to high demand by people.

This study aims to investigate and do the data analysis on the average miles per gallon
(MPG) and model years among cars that produce from a certain country such as Japan, United
States and Europe by performing and finding inferential statistics using a few test such as
hypothesis testing, correlation testing, regression testing and Chi-Square test of independence.
This investigation purposely to determine the most common car’s fuel efficiency and the relation
between cars model and its origin.

DATASET

The data in this study is obtained from the collection of data set by Project dataset and
being processed to a smaller sample. From the dataset, we had collected the data about average
of cars’ miles per gallon (MPG). The reason why we choose average or mean as our parameter is
because mean is an essential for a dataset. It is because it will produce the least error in
prediction of any value in the dataset and also increase the estimation accuracy.

254 data are selected from the dataset to be sampled for hypothesis testing to determine
whether there is sufficient statistical proof to support the null hypothesis. The sample is normally
distributed and plotted using Rstudio.



DATA ANALYSIS

I.  Hypothesis testing
Based on the recent study “The 5 most fuel-efficient cars on the road today” by

the Insider, it is claimed that the average car sold in the United States gets an
average of around 25 miles per gallon (MPG). Hence the null hypothesis, HO and
alternative hypothesis, H1 is;

Ho:p=25

Hi:p#25

Where 1 is mean or average of car’s miles per gallon (MPG).

A random sample of 254 cars produce from United States having mean of 19.688
MPG. The standard deviation can be evaluate using this formula;

20 —x)2
Sx = n—1

The standard deviation is 6.92829.

A 0.05 significance level is used to test the claim of this study that the average or
mean miles per gallon (MPG) of a car is 25 MPG. The critical value of 0.05
significance level is -1.959964 and 1.959964. the z-value of mean can be
produced by using below formula;

x —
Z =3 =
/
Vn
the value of z is -12.21894
X u S z-value p-value Critical value
19.68819 | 25 | 6.92829 | -12.21894 0.00001 -1.959964 / 1.959964

Since the z-value falls within the critical region, the null hypothesis, HO is
rejected. There is enough evidence to suggest that the average miles per gallon
(MPG) of a car has changed because we are able to accept the alternate
hypothesis, H1 which says that the average miles per gallon (MPG) of a car is not
equal to 25.
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Figure 1 shows a scatterplot of Car Model Year from 1970-1982 VS Miles Per Gallon (MPG)

In the correlation test, we had analysed that the relationship or by means of the
strength of association between is model year and MPG with a sample size of
254. The coefficient correlation, r is calculated in IBM SPSS to show the relation
between both axes. The independent variable, x is the model year whereas the
miles per gallon (MPG). These two variables are used to calculate the coefficient
correlation using the formula below.

_ n(Txy) — (Xx)(Xy)
V [ nEx2 - (£x)2] [ nEy? - (Sy)?]

The correlation coefficient, r is equal to 0.658. Since r is positive, we can conclude that if
the model year increase, the value of MPG will increase too. Since the scattered plot
portrays a positive slope, they are both directly proportional.



Correlations

MPG Model

MPG Fearson Correlation 1 658

Sig. (2-tailed) =.001

I 254 254
Model  Pearson Correlation 658 1

Sig. (2-tailed) =.001

I 254 254

** Correlation is significant at the 0.01 level (2-
tailed).
Figure 2

These values are tested whether are there any evidence to support that increase in model
year will result in higher MPG at 0.01 level of significance. Assume, Ho is model year
and MPG has no linear correlation.

Ho: M=0
Hi: M=0
For this test, test statistics t, t = f/l_T:f where the sample size is n=254 and r=0.658 as

stated in figure 2. After calculation, we found that test statistic t=13.87142. From t-table,
the critical value is +2.575 to -2.575.

Figure 2
Test a Degree of Critical Value
Statistic, t Freedom, df
13.87142 0.01 252 +2.575, -2.575

Since +13.87142 > +2.575, we can conclude that we can reject Ho at @=0.01. Sufficient
evidence exists to conclude that there is a linear relationship between model year and
MPG atl1% level of significance.




Regression
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The independent variable (x) in this case is Model Years of Car whereas the
dependent variable (y) is the MPG (miles per gallon). The analysis is to aim the
existence of a linear relationship between the variable x and y.

> summary (model)

call:
Im(formula = y ~ x)

Residuals:
Min 1Q Median 3Q Max
-13.2448 -3.7914 -0.6202 3.5720 13.5730

Coefficients:

Estimate std. Error t value Pr(>|t|)
(Intercept) -69.50940 6.50646 -10.68 <2e-16 *¥**
X 1.18220 0.08612 13.73  <2e-16 ***
Signif. codes:
0 “**%’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 “ ’ 1

Residual standard error: 5.253 on 252 degrees of freedom
Multiple R-squared: 0.4279, Adjusted R-squared: 0.4256
F-statistic: 188.5 on 1 and 252 DF, p-value: < 2.2e-16

Figure 3 shows the calculation for regression

Regression

T T T
0 20 40

Model Years of Car
Figure 4 shows the linear regression graph of MPG against Model Years of Car

From the regression graph, this model has shown a positive linear relationship
with an equation of y =-69.50940 + 1.18220x. The value of f0 of -69.50940
indicates the range of MPG (miles per gallon) on the Model Years of Car. The
value of slope coefficient, 1 of +1.18220 just indicates the average value of
MPG (miles per gallon) increases by 1.18220 on average, for each additional one
Model Years of Car. The relationship between x and y is a positive linear
relationship. The coefficient of determination, R?, in this relationship is 0.4278634



and can be consider as a moderate relationship where not all of the variation in'y
is explained by variation in x.

IV.  Chi-square test for independence
Chi-square is performed to test if the hypothesis that the observed proportions

average for the year model of the cars from Japan, United States and Europe
matches the claim that the proportions should be the same for all three of the
origin. Using a 0.05 significance level, the observed values are compared with the
corresponding expected values. Hence the null hypothesis, HO and alternative
hypothesis, H1 is;

Ho: the proportions for the average model of the cars from Japan, United States
and Europe are the same.
H1 : at least one different from the proportions.

> #get contingency table
> th1<- table(cars2iModel,cars2%0rigin)

> thl

Europe Japan US
7 6 2 27
71 5 4 20
72 5 5 18
73 7 4 29
74 6 6 15
75 6 4 20
76 & 4 22
77 4 6 18
78 6 8 22
79 4 2 23
80 a 13 7
81 5 12 13
82 2 9 20

= #create new table
> th12=cbind(tb1[, 'Europe’']l+tb1[, "Japan’'],tbl1[,'us'])

= thl2

(.11 [,2]
70 & 27
71 9 20
72 10 18
73 11 29
74 12 15
75 10 20
76 12 22
77 10 18
78 14 22
79 [ 23

80 22 7

81 17 13

82 11 20

= #perform chi-square test on the data table
> chisq.test(th12, correct = FALSE)

Pearson’'s Chi-squared test

data: tbhl2
X-squared = 32.863, df = 12, p-value = 0.001017

#critical value
alpha<-0.03
x2.alpha<- gqchisq(alpha, df=12, Tower.tail = FALSE)
x2.alpha
1] 21.02607
-

>
>
>
>
L

Figure 2 calculation for the chi-square test obtained from Rstudio



The observed value and expected value are as shown as figure 1 above. The test
statistic, chi-square value is then calculated using Rstudio which equals to 32.863.
the critical value can be found based on the chi-square distribution with degrees
of freedom equal to 12 and the significance level 0.05. Hence, the critical value
based on the calculation in Rstudio is 21.02607. The p-value is obtained to be
approximately 0.001017.

Significance value, a | Critical value, y 200512 | Chi-square, y? p-value
0.05 21.02607 32.863 0.001017

Since the p-value (0.001017) is smaller than the significance level (0.05) ,
therefore the null hypothesis, HO is rejected. There is insufficient evidence that
the proportion for the average model of the cars from Japan, United States

and Europe are the same.

CONCLUSION

Throughout our involvement in this project, we gained a lot of experience and
knowledge about data analysis. We also take this opportunity to apply all the skills
that we learned about RStudio to do the calculation for the hypothesis testing,
correlation, regression and Chi-Square test for independence which will help us in the
future. Besides, we are also able to do the data processing and analysis successfully.

As for the result of our project, we found that the average of miles per gallon
of a car is almost 20 MPG and we believe that this value will increase as the
technology developing. In correlation analysis, the graph showed positive relation.
The value of MPG increases as the model year of car increases. The regression
showed the positive relation between MPG (miles per gallon) the Model Years of car
which indicates that the MPG of a car and its model year are interrelated. The 254
selected data shows that when the model year of a car is higher, its average MPG is
higher too. It shows that the fuel efficiency of a higher Model Year car is higher.

Last but not least, we would like to appreciate and thank our lecturer Dr. Azurah
Abu Samah for all her efforts and hard work for teaching and guiding us in this course
throughout this semester and also the students of SEC12143-Section 09. Without them we
might be unable to complete this project or even to understand all this knowledge.



APPENDIX

Below are the screenshot of our raw dataset “cars”;
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g 315 140 3735 13.2 Ta S
g 30z 133 3570 12.5 a3 U3
[ ) 105 3535 13.2 TE U5
[ 200 35 3155 18.2 a3 S
|5 200 it 2365 15.6 a3
4 140 g5 2720 15.4 Ta S
5 225 100 3430 1r.e a3 U3
G 232 30 3210 1r.2 T3 U3
[ ] 105 3380 15.5 Ta S
5 200 it 3070 6.7 a3 U3
[ 225 10 3620 18.7 TE U5
[ 258 120 3410 151 a3 S
g 305 145 J4E5 153.2 a3 U3
[ Py 165 3445 15.4 TE S
g 30z 133 3205 ne a3 U3
g 31 140 4030 13.7 T3 U3
4 35 G5 2155 16.5 Ta S
4 105 [ £230 4.5 a3 U3
4 156 105 2745 6.7 TE U5
4 151 a5 2855 176 a3 S
5 &3 115 3245 15.4 T3 U5
[ 200 g5 £330 15.2 T3S
4 140 g 2830 173 T3 U5
G 232 30 3265 18.2 I U3
[ 225 1a 3360 6.6 T3S
g 305 130 3540 15.4 T3 U5
g 30z 123 372D 13.4 T3S
g 351 138 3355 13.2 T3 U5
g 315 135 3530 15.2 T3 U5
g 350 155 4360 14.3 T3S
g 331 14z 4054 4.5 T3 U5
g 26T 125 3605 1= I U3
g 360 150 3340 13 T3S
4 35 g 1315 1d.4 T3 U5
4 121 =] 2670 15 T3S
g 350 125 3300 174 T3 U5
g 260 30 3420 222 T3 U5
4 105 T 2200 13.2 T3S
4 105 T 130 14.3 T3 U5
4 151 30 2670 16 I U3
[ 173 15 2535 1.3 T3S
5 173 15 2700 12.3 T3 U5
o 151 30 Zooh 132 73 5
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Al Ford Fain

AME Cor
Dadage A:
Dodage C
Ford Mus
FPlumoutk
Euick Sk
Dodge A
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Plumowtk
Plumeouwtk
Plumoutk
Faord Esce
Fard Ezc
Euick Ce
Old=mob
Fard Gre
Chiryslerl
Chevrole
Chevrole

Il Chevrole

Fontiac .«
Dodge M
Pontiac F
Fard Fain
AME Cor

A FPlumaoutl

Mercurg L
Buick Ce
Old=mob
Chrusler
Fard Gre:
Dodage Cl
Chevrole
Fard Mus
Dodae R
Ford Ran
Chewy 5-

321
28
£6.4
24.5
131

L= = < = = = < M = R R S = A S = B = A R T < M T A R S < S S < <Y

33
151
140
151
225
156
140
135
151
156
173
135
a6
105
35
33
£33
350
200
225
1z
Mz
1z
Mz
135
151
140
151
105

151
262
156
232
135

151
140
135
120

13

2120
2675
£870
3003

3381
800
2305
2430
Z635
2620
£TED
2355

1875

2215
2045
£3a0

3415
3TEs
3060
3465
ZE05
Z£640
2335
£575
2525
2735
£565
3035

2125

2125
2945

3Ms
2585
2835
£370
2550
2730
2235
2625
2720

5.5
1E.S

15.1
201
5.7
4.4
4.5
=N
6.4
4.4
126
129
6.4
4.3
6.2
207
5.8

171
6.6
13.6
5.6

6.2
16
=]

6.4

205

.7

7.3

6.4

9.5
9.7

17.5
5.6
1.6
5.6
13.4
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Below are the screenshot of our processed dataset for hypothesis testing

A = C m] E F |/ | H |
Car MPG Culinders Displacel Harsepoy Weight  Accelera Model  Origin
Chewrale 15 g 307 130 3504 12. O us
Buick Sk 15 a 350 1ES 3693 . 7O us
Flumoutk 15 g 315 150 3d36 M O us
AMC Ret 16 g 304 150 3433 12 o us
Fard Teri 17 a 302 140 3d49 05 TOUs
Ford Gal: 15 g 423 135 d5d 10 O us
Cheurale 14 a 454 220 4354 3 TOUS
Plumaoutk 14 g ddl] 215 4312 g5 TOUS
FPontiac [ 14 g 455 225 4425 10 O us
AMC Amt 15 a 390 130 3850 a5 7O us
Cheurale 0 g 350 165 4142 15 O us
Fard Teri 0 g 351 153 4034 1 o us
Plumoutk 0 a 383 175 416E 05 TOUs
AMC Ret 0 g 360 175 3550 M O us
Dodge Cl 15 a 383 v 3563 10 TOUS
Plumaoutk 14 g 340 180 3609 = TOUS
Ford Mus 0 g a0z 140 3353 g O us
Cheurale 15 a 400 150 37E a5 7O us
Buick E=t 14 g 455 225 3086 10 O us
Plumaoutk 22 G 135 35 2533 15.5 o us
AMC Hon 1a E 133 ar 2774 155 TOUs
Ford May 21 G 200 a5 2587 16 O us
AMC Gre 21 E 133 a0 2648 = TOUS
Fard F25 0 g 360 215 4E15 14 TOUS
Chews Ce 0 g 307 200 4376 15 O us
Dodge O; n a 13 210 4382 135 7O us
Hi 12000 3 g 04 133 4732 18.5 O us
Chevrale 25 4 140 a0 2264 15.5 1 US
Ford Pint 25 4 a8 1 2045 13 71 Us
AMC Gre 13 G 232 100 2634 13 71 US
Plumoutk 16 E 225 105 3439 155 T Us
Cheurale 17 B 250 100 3329 155 T1Us
Fard Toril 13 G 250 a5 3502 15.5 71 US
AMC Mat 1a E 232 100 3288 155 71 Us
Cheurale 14 g 350 165 4209 12 71 US
Pontiac € 14 g 400 s 4dGd 1.5 1 US
Ford Gal: 14 a 351 153 4154 135 71 Us
Plumoutk 14 g 315 150 4036 13 71 US
Dodge M 12 a 383 1an 4355 1ns T Us
Fard Cou 13 g 400 1r 4745 12 T1Us
FPontiac £ 13 g 400 175 5140 12 71 US
AMC Hon 1a E 268 1o 2962 135 71 Us
Cheurale 22 4 140 e 2405 13 71 US
FPontiac F 13 G 250 100 J282 = 1 US
Ford Mus 1a B 250 as 139 4.5 s
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Plumoutk
Dadge
Chevrale
Ford Pint
Chewrale
Pantiac [
Plumoutk
Faord Gal:
AMC Amt
Mercura [
Buick Let
Oldsmob
Chrusler
AMC Mat
Chevrole
Fard Grai
Plumoutk
Ford Pint
Dadage C
Buick Ce
AMC Mat
Chevraole
Ford Grai
Dadage C
Mercurg [
Chevrole
FordLTD
Plumoutk
Chrusler
Euick Ele
AMC Amt
FPlumoutk
Chevrale
AMC Hon
Faord Maw
Plumoutk
Chewrale
Ford Cou
Plumoutk
Oldsmob
AME Gre
Chevrole
Fard Pint
Mercury
Chevrole

o0 P B 00000 00 00 0 O 0000 00 00 00 00 00 00 00 00 00 00 B 00 00 00 00 00 00 00 00 00 00 00 00 00 B B BB R

30z
313
122

35
350
30d
]
302
315
423
400
331
315
dd0
455
360
225
250
232
£50
155
400
400
360
]
232
140
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40
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g6
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138
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215
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175
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=1
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145
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1355
2126
2405
2226
4774
4335
4135
4123
36T
4633
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4456
4427
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4035
4234
qa7T
2335
2164
100
38TE
3353
4042
37T
4352
4464
4363
4237
4735
4351
3821
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JZTE
2345
3021
2304
4337
4306
4654
4433
2783
2401
£310
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Daodge 0.
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Plyrmoutk
Ford Maw
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Ford Pint
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AMC Mat
Plyrmoutk
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Plyrmoutk
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