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Effect of Transmission Mode and Engine Shape On Fuel Consumption (Mpg) and Displacement
Names of Group Members


Understanding the various features of a car before procuring one is of utmost significance. In this report, the effect of vehicle transmission mode on fuel consumption and displacement was analyzed. Data was obtained from the mtcars dataset, which is part of the sample datasets provided during the installation of R software. The two categories of transmission were automatic and manual. Fuel consumption and displacement were also analyzed in the different engine shapes, i.e. V shape and straight. It was concluded that automatic cars have better fuel consumption and displacement. This was also observed in cars with V-shaped engines.


Introduction
There are a number of features that an individual looking for a car should consider before procuring one. Two of this features include the vehicle’s transmission and engine. Transmission enables the vehicle to apply power that is generated by the engine to the wheels. There are two types of transmissions; automatic and manual. In manual transmission, the driver does more work when the vehicle is in motion by allowing them to shift the car into different gears to get to their desired speed. In automatic transmission, the vehicle does the work of changing the gears itself as the driver press on the gas pedal (Jun-Qiang, Guang-Ming, & Yan, 2008). When selecting a vehicle, it is imperative to consider its mode of transmission. 
When evaluating the engine, it is imperative to consider whether it is straight or V-shaped. In straight engines, the cylinders are arranged in a straight line while the V-shaped engine has its cylinders arranged in two lines at an angle forming a V shape. Each of these engine shapes have their merits and demerits. The two features can be evaluated in terms of fuel consumption (miles per gallon) and engine displacement. People would consider a vehicle with an efficient fuel consumption and higher displacement.  Engine displacement involves the measure of the cylinder volume swept by all the pistons of the engine. The higher the displacement, the more power a vehicle can create. However, lower displacement tends to consume less fuel because the feature has a direct impact on the amount of fuel being drawn into the engine cylinders (Mickūnaitis, Pikūnas, & Mackoit, 2007). In this report, the effect of transmission and engine shape on fuel consumption and engine displacement is investigated using mtcars dataset.
Design
The data was extracted from the 1974 Motor Trend US magazine, and comprises fuel consumption and 10 aspects of automobile design and performance for 32 automobiles. The variables used in the analysis include transmission (am), Engine shape (vs), Miles/(US) gallon (mpg), and Displacement (cu.in.) (disp). Transmission is a categorical variable with two categories; automatic and manual. Cars with automatic transmission are coded with a value of 0 while those with a manual transmission are coded with a value of 1. Engine shape is also a categorical variable with two variants, i.e. straight and V-shape. Cars with straight engines are coded with a value of 1 while those with a V-shaped engine are coded with a value of 0. Both fuel consumption and displacement are quantitative variables with fuel consumption measured in miles per gallon while displacement is measured in cubic inches as it is a measure of the volume of air displacement by the engine as it creates power to push the vehicle forward.
Analysis
The analysis of the variables was done by comparing and contrasting the distribution of the quantitative variables across the two groups of each categorical variable with their relative difference being established through statistical significance tests. 
Fuel Consumption (miles per gallon/ mpg)
The first quantitative variable to be analyzed across the two categorical variables was the fuel consumption. The questions were: 
1. is a car with automatic or manual transmission better in term of miles per gallons (mpg)?
2. is a car with a V-shaped or Straight engine better in term of miles per gallons (mpg)?
The overall mean for fuel consumption in terms of miles per gallon (mpg) was calculated as 20.09062 with a standard deviation of 6.026948. The mpg distribution for the sample vehicles used in the study is demonstrated using a histogram in figure 1 below. The mean mpg for vehicles with automatic transmission was 17. 14737 with an SD of 3.833966 while the mean mpg for vehicles with manual transmission was 24.39231 with an SD of 6.166504. The distribution of mpg in the two categories are shown in figure 2 and 3. By looking at the means for the two categories, vehicles with manual transmission consume more fuel than those with automatic transmission. 
Figure 1: Histogram for overall mpg
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Figure 2:Box plot of mpg distribution in automatic cars.
Looking at the boxplot for the mpg distribution in automatic cars, the data is more dispersed below the mean with no outliers. This indicates that most of the data is on the lower end with a few on the lower tail. 
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Figure 3: Box plot of mpg distribution in manual  cars.
In the boxplot for the distribution of mpg in manual cars, the data above the mean is more dispersed with no outliers.
The analysis on sample means concludes that sample mean of mpg for car with manual transmission is greater than automatic transmission. It is imperative to test the statistical significance of this difference. Testing this statistical significance can be done using the t test. The null hypothesis is that the difference in the two sample means are not statistically significant while the alternative hypothesis indicates they are statistically significant.
Results from R code indicates that t = 3.7671, df = 18.332, p-value = 0.001374. The value is less than the alpha value (.05) thereby authenticating the rejection of the null hypothesis and the acceptance of the alternative hypothesis. The 95 percent confidence intervals for the two sample means are 3.209684 and 11.280194 for manual and automatic variables respectively.
The second analysis involved mpg across the V-shaped and straight engines. The mean mpg for V_shaped engines was 16.61667 with an SD of 3.860699. The mean mpg for vehicles with straight engines was 24.55714 with an SD of 5.378978. Box plots of the mpg distribution in the two categories are shown in figure 4 and 5.
[image: C:\Users\HP\Downloads\6]
Figure 4: Box plot for mpg distribution in V shaped engines
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Figure 5:Boxplot for distribution of mpg in straight engines
In evaluating the statistical significance in the two group means, a t test was conducted. The null hypothesis was that the sample means for the two categories (V-shape and Straight) are not statistically significant. The alternative hypothesis is that the means are statistically significant. The results of the test from the R code were as follows: t = -4.6671, df = 22.716, p-value = 0.0001098. The p-value was less than the alpha value (.05) and therefore the null hypothesis was rejected while the alternative hypothesis was accepted. The 95 percent confidence interval for the difference in group means were -11.462508 for V- shape variable and -4.418445 for straight variable.
Engine Displacement (disp)
The question involving displacement in the two categorical variables were as follows:
1. is a car with automatic or manual transmission better in term displacement (disp)?
2. is a car with a V-shaped or straight engine better in term displacement (disp)?
The overall mean displacement for the vehicles in the sample data is 230.7219 with an SD of 123.9387. The distribution of displacement in the sample data is shown by a histogram in figure 6 below.
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Figure 6: Histogram for overall distribution of displacement
The mean displacement for cars with automatic distribution is 290.3789 with an SD of 110.1716. The mean displacement for cars with manual transmission is 143.5308 with an SD of 87.20399. The distribution of displacement values across the two categories are demonstrated using dot plots in figures 7 and 8.
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Figure 7: Dot plot for distribution of displacement in automatic cars
[image: C:\Users\HP\Downloads\10]
Figure 8: Dot plot for distribution of displacement in manual cars
In analyzing the significance in the difference of the sample means, a t test was conducted. The null hypothesis was that the difference between the mean displacement in automatic cars was not statistically significant than the mean displacement in manual cars. The alternative hypothesis was that the difference in the means was statistically significant. The results were as follows: t = -4.1977, df = 29.258, p-value = 0.00023. with the p-value being less than the alpha value, the null hypothesis was rejected while the alternative hypothesis was accepted. The 95 percent confidence intervals in the difference between the group means were -218.36857 for automatic variable mean and -75.32779 for the manual variable mean.
The other analysis using the displacement variable involved the use of engine type variable. The mean distribution of displacement for cars with V shaped engines is 307.15 with an SD of 106.7652. The mean distribution of displacement for cars with straight engines is 132.4571 with an SD of 56.89324. The distribution across this categorical variable is shown using box plots in figures 9 and 10 below.
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Figure 9: Box plot of displacement distribution for cars with V shaped engines
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Figure 10: Box plot of displacement distribution for cars with straight engines

While it is evident that the mean for cars with straight engines is greater than those with V-shaped engines, it is imperative to test the statistical significance of this difference.  A t test was used. The null hypothesis was that the difference in the two sample means was not statistically significant while the alternative hypothesis was that the difference in the sample means was statistically significant. The results of the test were as follows: t = -5.9416, df = 26.977, p-value = 2.477e-06. The p-value was less than the alpha value (.05) thereby supporting the rejection of the null hypothesis and subsequent acceptance of the alternative hypothesis. The 95 percent confidence interval in difference between the group means is -235.0229 and -114.3628 for the V-shape and straight variables, respectively.
Conclusion

Based on the results from R analysis, cars with automatic transmission consume less fuel than manual ones. The mean mpg for automatic cars is less than that of manual cars and the difference is statistically significant. Besides, those with a V-shaped use fuel efficiently than those with a straight engine. The mean mpg for cars with V-shaped engines is less than that of cars with straight engines and the difference is statistically significant. The confounding factors that could affect fuel consumption include number of forward gears and number of cylinders.
Automatic cars have a better displacement than manual cars. The cars with automatic transmission have a greater displacement than manual cars and the difference is statistically significant. Besides, cars with V-shaped engines have a better displacement than those with straight engines. The mean displacement for cars with V-shaped engine is greater than that of cars with straight engines and the difference is statistically significant. However, there are other confounding variables that could affect displacement of cars such as weight, horsepower, number of forward gears, and number of cylinders.
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