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Abstract:

In a rapidly transforming technological world, air pollution levels are highly dependent on people’s decision 
to buy less polluting cars. In this study, we used Discrete Choice Modeling to analyze data of vehicle choice 
to recommend the most attractive attributes of alternative fuel vehicles to businesses. With this information, 
businesses could cater to customers’ preferences, resulting in higher sales of alternative fuel vehicles and, 
ultimately, reducing toxic air pollution. Using R, a computer modeling software, we found that consumers 
highly value cost efficiency, high-performance, and having a variety of fueling options. These attributes 
could increase the market share of alternative fuel vehicles so that six out of seven people would buy an 
alternative fuel vehicle.

Summary of Research:

Figure 1: One question from the survey. Consumers had to choose 
one vehicle while considering the attributes.

In 2016, 6.1 million deaths were caused by air pollution 
related health risks [1]. Additionally, 28% of US global 
warming emissions are caused by the transportation 
sector; that’s more than any other sector in the nation. 
We wanted to combat this by having more consumers 
opt for alternative fuel vehicles instead of gas vehicles. 
To figure out what people want the most, we analyzed a 
data set from a survey of around 1000 individuals from 
California, shown in Figure 1. Individuals were required 
to choose a vehicle from different alternatives while 
considering their attributes. We used discrete choice 
modeling as the data included continuous variables such 
as purchase price, operational cost, and range along with 
dummy variables such as engine type, vehicle type, and 
performance. Discrete models specifically analyze choices 
that customers make between products or services. They 
produce utility, or the willingness to buy a product, to 
predict the probability of choosing an alternative. Utility 
is usually directly related to probability, so the higher the 
utility, the higher the probability.
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We used Multinomial Logit Models from the realm of 
Discrete Choice Models to portray our data set. The key 
inaccuracy of this model comes from only being able to 
detect systematic variation and suggesting proportional 
substitution. Systematic variation doesn’t account for 
inherent biases of individuals or any random choices 
they make. Proportional substitution implies that if the 
probability for choosing one alternative increases the 
probability for choosing the other alternatives decrease 
proportionally. We derived a function that includes all 
the alternative specific attributes and produces generic 
coefficients. We tested that this was the most accurate 
function using Log-Likelihood Ratio Test. Since this 
function produced the highest log likelihood ratio 
compared to the other functions, which excluded some 
attributes, it was the most representative of the data set.

Results and Conclusions:

Using the function (Figure 2), we derived coefficients 
for all the attributes shown in Figure 3. The negative 
coefficients of the continuous variables signify that as the 
actual value of the attributes increase, people would be 

Figure 3: The summary of the data set with coefficients and 
significance levels.

Figure 2: The R command that lists the function used to analyze the 
data set.

less inclined to choose an alternative with the increased 
amount of attribute and vice versa. For example, since 
the coefficient for purchase price (pprice) is negative, 
it implies that as pprice increases the willingness of a 
customer to choose an alternative with an increased 
pprice decreases. It’s the opposite with range, since 
the coefficient is positive. People are more likely to 
choose an alternative with an increased range. When 
it comes to the discrete variables, if a coefficient for an 
attribute is negative people are less likely to choose an 
alternative with that attribute. According to Figure 3, 
people are less willing to buy a vehicle that is electric 
(negative coefficient) and more likely to buy a vehicle 
that is hybrid (positive coefficient). However, overall 
1/5th of the market was willing to buy electric vehicles 
and that market share increased when a vehicle was a 
small or a compact vehicle. When the pprice of a vehicle 
was lower than the median pprice of the market, the 
operational cost (ocost) of a vehicle was lower than the 
median ocost of the market, and the range of the vehicle 
was greater than the median range of the market, 84.41% 
of the market chose to buy hybrid or electric vehicles. 
Consumers would also pay $16,000 more for a hybrid 
vehicle instead of a gas vehicle, $83 more for one extra 
mile in an electric vehicle, and $4,000 more for a high-
performance vehicle over a mid-performance vehicle.

Future Work:

Analyzing updated data based on real market consumer 
decisions from around the nation would provide a more 
accurate prediction of the market shares.
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