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Chapter	1	Introduction	

1.1	Background	Information		

With the rapid development of technology and increase in human activities, the existing 

resources have been consumed at unprecedented speed, which also gives rise to the 

growing environmental concerns. For instance, there is mounting evidence of global 

warming in the increasing lands, the ocean temperatures, melting Polar icebergs, and the 

warmest years ever since the Industrial Revolution. In view of the concerns for global 

warming, at the climate conference in Copenhagen in 2009, the U.S. government promised 

to reduce the nation’s annual greenhouse gas discharge to 83% of 2005’s emission level by 

the year 2020. Furthermore, according to American Clean Energy and Security Act of 2009 

(ACES), also known as Waxman-Markey Bill, the U.S. proposes to decrease its future 

greenhouse gas emissions to 58% of 2005 level by 2030, and 17% by 2050.  

World widely, the transportation industry accounts for nearly 50% of gasoline 

consumption, and approximately a quarter of commercial energy used, especially in the U.S. 

Moreover, transportation section is believed to account for 47% of the net increase in total 

U.S. emissions since 1990. At the same time, the number of vehicles on the road continues 

to rise, thanks to the growing consumer demand. This growth of vehicle fleet provides 

great convenience to the whole nation as well as individuals in society. However, this 

expansion in the vehicle fleet of cars contributes to the energy and environmental concerns.  
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1.2	Current	Thesis	Problem	and	Objective	

One strategy to address the environmental and energy concerns relating to transportation 

is the adoption of alternative fuel vehicles (AFVs). AFVs refer to vehicles that run on fuels 

other than petroleum, such as gasoline or diesel. The fuels used to power engines can 

include, but not limited to compressed natural gas, alcohol fuel, and hydrogen. Compared 

with traditional gasoline vehicles, AFVs have the advantages such as higher fuel economy, 

diversity fuel sources, and less pollution produced, while at the cost of higher vehicle 

purchase price and limited vehicle operating capability. 

One typical alternative-fuel vehicle can be an electric vehicle, solar powered vehicle, or 

compressed natural gas vehicle. However, hybrid electric vehicles such as Toyota Prius 

2010 cannot be accounted as AFVs, although they use electric generator to provide higher 

gasoline efficiency. One particular electric on market can be Mitsubishi i MiEV, produced in 

2009 and uses 16 kWh lithium-ion battery as its powertrain. 

 Since most consumers are new to AFV technology and the initial market supply of these 

vehicles is also limited, it is unclear the extent to which AFV would penetrate the vehicle 

market. This market uncertainty renders it difficult for policy makers and infrastructure 

planners in their decision-making regarding the provision of incentive programs and 

investment on any supporting infrastructure.  

The aim of this thesis is to identify the factors that impact consumers’ vehicle purchase 

between an alternative fuel vehicle and a conventional gas vehicle. This is accomplished by 

developing a set of econometric models of vehicle choice using data from a recent survey 

conducted in Madison, WI. These econometric models reveal	the variables that play key role 
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in consumers’ preference and the degrees of their relative impacts. Findings from this research 

are expected to help policy makers determine who the early adopters of AFV are and plan the 

supporting infrastructure and incentive programs accordingly.  

1.3	Dissertation	Outline	

This remainder of this thesis is organized as follows: Chapter 2 reviews past studies on the 

subject of AFV market.  Chapter 3 describes the data and model structure used in the 

current thesis. Chapter 4 discusses the model estimation results and their implications. 

Finally, Chapter 5 concludes by drawing key conclusions and discussing directions for 

further research. 
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Chapter	2	Literature	Review	

The research on consumers’ preference has a long history. The earliest study cited in this 

thesis dates back to 1992 (Bunch, 1992); the researchers attained their data from a stated-

preference survey in the South Coast air basin, and their conclusion was presented in the 

form of a multinomial model. In subsequent researches, both methodologies and study 

aspects have been broadened and more penetrating, thanks to the improvements of 

computer technology and related mathematical models.  

Altogether five categories of previous research papers are discussed in the literature 

review in this thesis: 

1. Stated-preference surveys based research: all these research reached their conclusions 

based on stated-preference surveys conducted with the purposes of exploring 

consumers’ preference within a specific region. Researchers determined the variables 

(presented as points of emphasis) that are most important to local consumers when 

they face a vehicle choice between multiple types of vehicles. 

2. Qualitative analysis: all the research listed in this section is based on interviews 

conducted with AFV buyers. The answers from interviews are relatively flexible 

compared with stated-preference surveys, and some psychological variables are 

discussed in this section. 

3. Trials’ study: two trials’ studies are introduced in the current thesis. By recording their 

usage pattern and travel behavior, respondents deepened their understanding of AFVs 
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through direct driving experience. And the respondents could identify the changes of 

consumers’ preference according to differences in surveys handed up by respondents 

before and after these trials. 

4. Other relevant studies: other issues related to consumers’ preference are discussed, 

such as the perceptions of environmental protection, and variations of choices between 

a definitive environmentalist and one has less environmental concerns. 

5. Hypothetical deduction references analysis: building on the results of existing 

researches, analysts tested the alterations of AFV amount in local vehicle fleet under 

hypothetical scenarios. 

2.1	Stated-preference	survey	based	research	

Together eleven research reports nine previous stated-preference surveys are discussed in 

this section. The earliest research paper cited in this thesis was based on a survey with a 

sample size of 692, and the analysts presented respectively the results in the forms of a 

multinomial model and a binary choice model. The time span included in the review lasts 

more than 18 years, and the stated choices (or the dependent variables in the models 

attained) expanded from binary choices (choices only included conventional gasoline 

vehicles and AFVs) to multinomial choices (choices included gasoline vehicles, fuel-efficient 

vehicles, electric vehicles, compressed natural gas vehicles, methanol vehicles, plug-in 

hybrid electric vehicles, and hydrogen vehicles). Models presented are also updated from a 

fixed parameter logit model (which was considered to be the standard model twenty years 

ago) to a random parameter logit model, which is regarded as the most classic model at 

present.  
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All the papers cited in the literature review are listed in Error! Reference source not 

found. According to this table, one can see that the surveys are scattered in various 

locations across U.S. and U.K, but mainly in the South Coast Air basin, especially in the state 

of California. Besides, it is obvious that consumers in different locations have separate 

tastes and attitudes (described as “independent variables”, or “factors” in the model) 

towards AFVs. In summary, all the variables that have been analyzed in these reports can 

be summed up as following (Table 2 and Table 3): 
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Table 1: Literature Summary of stated-preference surveys 

Reference Data location (year) Sample size Dependent variables Study Method Significant explanatory variables  Other variables mentioned  or suggested by authors 

Segal, R (1995). 
“Forecasting the 

Market for Electric 
Vehicles in 

California Using 
Conjoint Analysis” 

Residential electricity 
customers in the 
Pacific Gas and 
Electric service 

territory. 
(Jan, 1994) 

662 questionnaire responses 
(Jan, 1994) 

• EV (electric vehicles) 
 

• Other vehicles (mainly 
gasoline vehicles and natural 
gas vehicles) 

 
 
 
 
 
 
 
 
 
 
 
 

Metric conjoint analysis: by running 
each vehicle profile through each 
respondent's derived utility function, 
building overall individual vehicle 
profile utilities for each specified 
vehicle profile in a hypothetical 
competitive market scenario. 
 

• Range 
o Gasoline [-]; 
o EV [0,baseline]natural gas [+];  

• Purchase price [-]; 

• Fuel cost [-]; 

• Refueling duration (minutes) [-]; 

• Refueling location  
o Home or gas station [-]; 
o Home only [+]; 

• Age natural 
o Gas vehicle [+]; 
o EV [-]; 

• Multiple Vehicle Ownership [+, for EV]; 

• Income  
o [+] for households' income>=75,000 dollars 

per year or <= 25,000 dollars per year;  
o [-] for households’ income belong to 

$25,000 to $75,000] 

• Commuting Behavior [+,for electric vehicles];  

• Refueling time [overall +, but - when 2 to 9 AM]. 

Ryuichi, Kitamura; 
Mark, Bradley; 

David, S. Bunch; 
Thomas, F. Golob 

(1992). 
"Modeling the 

Choice of Clean 
Fuels and Clean 
Fuel Vehicles" 

South Coast Air basin, 
California (March to 

August, 1991) 

• Model 1: 173 
responses and 850 
choice observations; 

• Model 2: 118 
responses and 471 
choice observations. 
(March to August, 
1991) 

• Model 1:  
o Gasoline only 

vehicles; 
o Alternative fuel 

vehicles; 
o Multiple fuel vehicles;  
o Electric vehicles;  
o Hybrid electric 

vehicles. 

• Model 2:  
o Gasoline fuel;  
o Alternative fuel. 

 

• Model 1: Multinomial logit 
model; 

• Model 2: Binary logit model 
 
 
 
 
 
 
 
 
 

Variables with t-value > 2.1  

• Model 1:  
o Purchase price [-]; 
o Fuel price [-];  
o Range [+];  
o Pollution level [-];  
o Fuel availability [+];  
o Low acceleration [-, AFVs only];  
o Dual alternative fuel/gasoline vehicle [+]; 

• Model 2:  
o Fuel price [-];  
o Range [+];  
o Pollution level [-];  
o Fuel availability [+] 

Variables with t-value <= 2.1: 

• Model 1: charge at home and at work [-, AFVs 
only];  

• Model 2: NA 

Eric Molin; Paul 
Beinkman (2010). 

"Exploring the 
relations of 

personal 
characteristics with 

car drivers' 
preferences for 

alternative fueled 
vehicles" 

Netherlands 
(second half of 2008 
and the first quarter 

of 2009) 

279 respondents? (second 
half of 2008 and the first 
quarter of 2009) 

• Gasoline vehicles (base); 

• Bio-fuel vehicles; 

• Hydrogen vehicles; 

• Hybrid vehicles. 
 
 
 
 
 
 
 

 
Multinomial logit model 

• Alternative fuel type:  
o Hydrogen [0.242]; 
o Hybrid [0.111]; 
o Gasoline vehicles [0];  
o Biofuel [-0.351]. 

• CO2 pollution reduction [+]; 

• Fuel price [-];  

• Purchase price [-];  

• Detour for refueling in minutes [-];  

• Maintenance costs [-];  

• Range fully refueled [+].  

• Acceleration (0-100 km/h) [+];  

• Top speed [+]. 
 
 
 
 
 
 
 
 
 

David, S. Bunch, et 
al. (1993). 

"Demand for clean-
fuel personal 

vehicles in 
California: A 

discrete-choice 
stated preference 

survey" 

South Coast Air basin, 
California 

(March to August, 
1991) 

• Model 1: 692 
responses and 3460 
choice observation;  

• Model 2: 552 
responses and 2208 
choice observations. 
(March to August, 
1991) 

 
 
 
 

• Model 1: 
o Gasoline only 

vehicles; 
o Alternative fuel 

vehicles; 
o Multiple fuel vehicles; 
o Electric vehicles; 
o Hybrid electric 

vehicles. 

• Model 2: 
o Gasoline fuel; 
o Alternative fuel. 

 

• Model 1: Multinomial logit 
model;  

• Model 2: Binary logit model. 
 
 

 
 
 
 
 
 
 
 

• Model 1:  
o Purchase price [-];  
o Fuel cost [-];  
o Range (miles between refueling) [+]; 
o Emission level [+];  
o Fuel availability [+];  

• Model 2: 
o Fuel cost [-];  
o Range [+];  
o Emission level [+]; 
o Fuel availability [+]. 

 
 
 

• Model 1:  
o Commuting distance [+]; 
o Gender  

� [+] for male  
� [-] for female;  

o Household workers per vehicle [+];  
o Education level [+];  
o Age [-];  
o Vehicle type  

� [+] for full-size pickup or van 
� [-] for compact pickup or sports 

car].  

• Model 2: NA. 
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Reference 
Data location  

(year) 
Sample size Dependent variables Study Method Significant explanatory variables  

Other variables mentioned  or suggested by 
authors 

David Brownstone, 
et al. (2000). 

"Joint mixed logit 
models of stated and 
revealed preferences 
for alternative-fuel 

vehicles" 

California 
(June 1993) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

• Stated 
preference 
model: 4656 
responses;  

• Revealed 
preference 
models (607 
observations). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Gasoline vehicles;  

• Electric vehicles;  

• Compressed Natural gas vehicles;  

• Methanol vehicles. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Stated preference model:  
o Multinomial logit 

model;  
o Mixed logit model]. 

• Revealed preference 
model: 
o Multinomial logit 

model.  

• Joint SP/RP model: 
o Multinomial logit 

model;  
o Mixed logit model]. 

 
 
 
 
 
 
 
 
 
 

• Stated preference model:  
o Price/In(income) [-];  
o Operating cost [-];  
o Range [+];  
o Acceleration [-];  
o Top speed [+];  
o Pollution [-];  
o Station availability [+].  

• Revealed preference models:  
o Price/In(income) [-];  
o Operating cost [-];  
o Vehicle condition (used or 

new) [+ for new];  
o Pollution [+];  
o Small car [-]. 

• Joint RP/SP models: 
o Price/In(income) [-];  
o Operating cost [-];  
o Acceleration [-]; 
o Top speed [+];  
o Range [+];  
o Pollution [-]. 

• Model 1:  
o Education level [+ for EV];  

• Model 2:  
o Age [-];  

• Model 3:  
o Station availability [+]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Ewing and Sarigöllü 
(2000)  

"Car fuel-type choice 
under travel 

demand 
management and 

economic 
incentives" 

Montreal Census 
Metropolitan 

Area  
(May, 1994) 

 
 
 
 
 

881 
 (May, 1994) 

 
 
 
 
 
 

• Conventional vehicles;  

• Fuel-efficient vehicles; 

• Electric vehicles. 
 
 
 
 
 

Multinomial logit discrete choice 
Model 
 
 
 
 
 
 

• Price [-];  

• Maintenance cost [-];  

• Range [+];  

• Refuel time [-];  

• Trip-to-work cost [-];  

• Age fuel-efficient vehicle [-];  

• Electric vehicle [-]. 

NA 

Jonn Axsen and Ken 
Kurani (2008). 
 “The Early U.S. 

market for PHEVs: 
Anticipating 

Consumer Recharge 
Potential and Design 

Priorities” 

U.S. 
(December of 

2007) 
 
 
 
 
 
 
 
 

 

2,373  
(December of 2007) 

 
 
 
 
 
 
 
 
 
 

 

• Conventional vehicles; 

• PHEV vehicles 
o Base premium; 
o Combination of 

improvements of PHEV 
priorities: 
� Recharge time; 
� CD (charge-depleting) 

mpg and type; 
� CD range; 
� CS (charging-

sustaining) mpg. 

N-logit Model: 

• Conventional vehicles;  

• PHEV vehicles : 
o Base premium; 
o Combination of 

attributes 
improved. 

 
 
 
 
 
 

• Recharging availability (electric 
outlets) [+]; 

• High fuel economy (MPG) [+]; 

• All-electric operation [+]; 

• Recharging speed [+]; 

• CD range [+]. 
 
 
 
 
 
 
 

NA 

Jonn Axsen and Ken 
Kurani (2008). 
“The Early U.S. 

Market for 
PHEVs:Anticipating 

Consumer 
Awareness, 

Recharge Potential, 
Design Priorities and 

Energy Impacts” 

U.S. 
(December of 

2007) 

 

2,373 
 (December of 2007) 

 
 
 
 
 
 
 
 
 

 

• Conventional vehicles; 

• PHEV vehicles 
o Base premium; 
o Combination of 

improvements of PHEV 
priorities: 
� Recharge time; 
� CD (charge-depleting) 

mpg and type; 
� CD range; 
� CS (charging-

sustaining) mpg. 

N-logit Model: 

• Conventional vehicles;  

• PHEV vehicles : 
o Base premium; 
o Combination of 

attributes 
improved. 

 
 
 
 
 

• Recharging availability (electric 
outlets) [+]; 

• High fuel economy (MPG) [+]; 

• All-electric operation [+]; 

• Recharging speed [+]; 

• CD range [+].  
 
 
 
 
 
 

• Consumer awareness of PHEV 
technology [+,but of little 
significance];    

• Battery life [+]; 

• Drive train cost [-, of little significance]; 

• Socio-demographic variables.  
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Reference 
Data location  

(year) 
Sample size Dependent variables Study Method Significant explanatory variables  

Other variables mentioned  or suggested by 
authors 

N.H. Castillo and 
D.E. Pitfield  

(March, 2002). 
"Factors affecting 

the adoption of 
natural gas vehicles 
by UK road freight 

operators" 

             UK 50 commercial 
vehicle operators 

• NGV (Natural Gas vehicle) 

• Conventional fuelled vehicle 

• Stated preference survey; 

• Use Limdep econometric 
software to analysis the 
data; 

• Attaining two binomial 
logit models: 
o Full model with all 

variables 
o Smaller model with 

fewer variables 

• Full model: 
o Fuel availability [+]; 
o Fuel cost [-]; 

• Smaller model: 
o Fuel availability [+]; 
o Vehicle costs [-]; 
o Fuel cost [-]. 

• Full model: 
o Fuel cost; 
o Range before next recharging; 
o Emission levels; 
o No. of vehicles in fleet; 
o Average vehicle miles travelled. 

• Smaller model: (NA). 

Eric Molin 
(2005). 

“Causal Analysis of 
Hydrogen 

Acceptance” 

Netherlands 
(Autumn of 

2003) 

612 respondents  
(Autumn of 2003) 

• Hydrogen vehicles 

• None hydrogen vehicles 

• Respondents are 
questioned about 
hydrogen knowledge; 

• Respondents are presented 
with hydrogen information 
card; 

• Respondents’ perceptions 
of hydrogen acceptance 
are evaluated; 

• A structural equation 
model is developed. 

• Age [-]; 

• Respondents’ opinion that 
hydrogen vehicles are 
environmental friendly [+]; 

• Respondents’ opinion that 
hydrogen vehicles are unsafe [-]; 

• Respondents’ positive attitude 
towards hydrogen vehicles [+].   

 

• Gender [+ if the respondents are male]; 

• Education level [+]; 

• Respondents’ knowledge of hydrogen 
technology [+]; 

• Respondents’ perception of hydrogen 
technology and hydrogen vehicles: 
o Positive [+]; 
o Negative [-]; 
o Balanced [-]. 

 

Dimitris Potpglou, 
Pavlos S. 

Kanaroglou  
(2007). 

“Household demand 
and willingness to 

pay for clean 
vehicles”  

Metropolitan 
area of 

Hamilton, 
Canada  

(March 21 to 
April 30, 2005)  

482 respondents 
(March 21 to April 30, 

2005) 

• Conventional gasoline vehicles 

• Hybrid electric vehicles 

• Alternative-fuel vehicles 

• Respondents’ perception 
are collected from internet 
surveys; 

• Potential consumers’ 
preferences are presented 
by a Nested Logit (NMNL) 
model; 

• Consumers’ willingness to 
pay for cleaner vehicles is 
presented with 
segmentation. 

• Vehicle type: 
o Large vehicle [+]; 
o Midsize car [+]; 
o Van [+]; 
o SUV [+]; 
o Pick-up truck [+]. 

• Vehicle purchase price [-]. 

• Annual maintenance cost [-]. 

• Annual fuel cost [-]. 

• Acceleration time [-]. 

• Fuel availability for AFVs [-]. 

• Incentive for AFVs and Hybrids: no 
purchase tax [+]. 

• Pollution level of AFVs and Hybrids: 
o 10% of a present day 

average car [+]; 
o 25% of a present day 

average car [+]; 
o 75% of a present day 

average car [-]. 

• Gender: Female [+]. 

• Household type: single [-]. 

• Education degree for Hybrid [+]. 

• Age for AFVs: over 45 years old [-]. 

• Long distance commuters of AFVs: 
>7km [-]. 

• Household size for van: [+]. 

• Entropy index for SUV: [-]. 

• Living location: in Burlington 
o Hybrid [+]; 
o AFVs [+].   

• Vehicle type: 
o Hybrid [+]; 
o AFVs [-]; 
o Compact car [-]. 

• Fuel availability: 50% of existing gas 
stations for AFVs [-]. 

• Incentive for AFVs and Hybrids: 
o No parking fees [+]; 
o Access to high occupancy lanes 

with one passenger [0]. 
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Table 2: Significant Variables Summary of Stated-Preference Surveys 

 

Significant Variables listed in Stated-Preference Surveys 

Variables 
Number of "+" 
relationships 

Number of "-" 
relationships 

Vehicle 
Attributes 

All-Electric Range 7 NA 

Purchase Price NA 5 

Fuel Cost NA 7 

Refueling Duration NA 4 

Pollution Production Level 1 3 

Maintenance Cost NA 1 

Fuel Availability 4 NA 

Acceleration 1 1 

Operating Cost NA 2 

Top Speed 1 NA 

Whether the vehicle has all-electric 
operation mode 

1 NA 

Consumers' 
Characteristics 

Refueling Location: at home 1 NA 

Refueling Location: home or gas station NA 1 

Age NA 
3 for EV/2 for Fuel-

Efficient Vehicles 

Household Vehicle Ownership 1 NA 

Household Income: > $ 75,000 1 NA 

Household Income: ∈[$ 25,000, $ 75,000] NA 1 

Household Income: < $ 25,000 1 NA 

Consumer Perception for Fuel Type: 
hydrogen 

1 NA 

Consumer Perception for Fuel Type: 
hybrid 

1 NA 

Consumer Perception for Fuel Type: Bio-
fuel 

NA 1 

Consumer Perception for Environment: 
hydrogen is environmental-friendly 

1 NA 

Consumer Perception for Environment: 
hydrogen is unsafe 

NA 1 

Respondents’ positive attitude towards 
hydrogen vehicles 

1 NA 

Price/ln(Income) NA 1 
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Table 3: Insignificant Variables Summary of Stated-Preference Surveys 

 

Insignificant Variables 

Variables 
Number of "+" 
relationships 

Number of "-" 
relationships 

Vehicle 
Attributes 

Refueling time 
If 9AM to 2AM of the 

next day 
If 2AM to 9AM on 

the same day 

Acceleration time 1 NA 

Top Speed 1 NA 

Commuting Distance 1 NA 

Vehicle Type: full-size pickup or van 1 NA 

Vehicle Type: compact pickup or 
sports car 

NA 1 

Refueling Availability 1 NA 

Battery Life 1 NA 

Drive Train Cost NA 1 

Consumers' 
Characteristics 

Gender: male 2 NA 

Gender: female NA 2 

Household Vehicle Ownership 1 NA 

Education Level 3 NA 

Age NA 2 

Consumer awareness of PHEV 
technology 

2 NA 

Respondents' Perception of Hydrogen 
vehicles: if positive 

1 NA 

Respondents' Perception of Hydrogen 
vehicles: if negative 

NA 1 

Respondents' Perception of Hydrogen 
vehicles: if balanced 

NA 1 
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Explanations: 

“+” Relationships: Variables have positive relationships with market share of AFVs, that is, 

the larger these variables are (e.g.: longer all-electric range or higher acceleration for an 

AFV), the higher consumer preference of AFVs becomes. Or at least the consumers are 

more willing to purchase an AFV when compared with a conventional gasoline vehicle.  

“-” Relationships: Variables have negative relationships with market share AFVs, that is, the 

larger these variables are (e.g.: higher purchase price or more dollars spent on fuel cost), 

the lower consumer preference of AFVs becomes. Or at least the consumers are less willing 

to purchase an AFV when compared with a conventional gasoline vehicle. 

Significant Variable means variables with high t-value. 

Insignificant Variable means variables with low t-value. 

According to Table 1, Table 2, and Table 3 listed above, one can easily identify that in the 

previous reports, factors involved with vehicle attributes are more likely to be significant 

variables than factors related to consumer characteristics. 

Looking more closely at the vehicle attributes, of all the vehicle attributes analyzed, all-

electric range and fuel cost are the most primary variables among all variables (with seven 

times mentioned in all the models) by respondents in the surveys. Purchase price, refueling 

duration, pollution production level, and fuel availability are the follow-up variables of high 

level of significance. Maintenance cost, vehicle acceleration, operating cost, vehicle top 
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speed, and whether the vehicle has all-electric operation mode are just mentioned once in 

the significant variables presented in the models. 

On the other hand, for the significant consumers’ characteristics, the only variable listed in 

multiple models is respondents’ age. As indicated by the sign listed in Table 3, consumers 

are less willing to purchase an AFV when they are older. For the other variables, according 

to the signs presented, other significant variables include that consumers are more likely to 

purchase an alternative-fuel vehicle if they refuel only at home, with a high number of 

household vehicles, and extreme household income (either higher than 75,000 dollars, or 

lower than 25,000 dollars). What is more, consumers are more probably to purchase AFVs 

if they have a positive perception of hydrogen and hybrid fuel, or they view hydrogen as an 

environmentally-friendly fuel.  

Comparing these three tables, it is evident that more emphasis has been paid to vehicle 

attributes so far. One possible reason could be that it is much more difficult to set 

consumers’ perception into numbers. For example, two respondents with separate life 

styles or travel behaviors would both claim themselves to be an “environmentalist”, but 

with different definitions of “environmentalist”. Applied in this section, confirming 

respondents’ attitude towards hydrogen technology or awareness of PHEV technology is 

not as straight forward as asking for one’s expected vehicle purchase price, since no 

baseline was set previous determining under what condition the respondents are qualified 

to have positive attitudes. What are worse, respondents may give even false information 

about their “private information”, especially incomes or ages. 
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Besides, analysts should be aware of the problem that respondents in stated-preference 

survey might have little understanding of the stated choices provided in the questionnaires. 

Molin stated that many respondents in survey exhibited an incomplete understanding of 

hydrogen technology (Molin, 2005). Understandably, when these respondents are faced 

with a real next-vehicle transaction, they probably ignore the “hydrogen vehicle choice” at 

the first glance. Thus, responses from these respondents are of little significance and 

reliability; however, these responses were considered equally as the rest data when the 

analysts were establishing the models. Undoubtedly, this error lowers the level of 

credibility of the model introduced later in the research paper. 

Stated-preference surveys based research focus on consumers’ preference under 

hypothetical scenarios; analysts translate the variables (such as all-electric range, or 

vehicle purchase price and so on) into questionnaires in the surveys, and respondents 

choose the stated choices according to their own preferences. However, three potential 

drawbacks might contribute to the unreliability of the final results: to begin with, there are 

several important variables that cannot be easily translated into specific quantitative 

values, such as respondents’ perception of fuel types, and respondents’ concern for 

environmental problems. Five-point Likert scale1, might be a prevailing approach in use at 

present; but it is still far from accurate, since perceptions can only be measured as a 

relative parameter, as compared with an absolute variable like vehicle purchase price. 

                                                           
1 A five-point Likert scale means respondents evaluate their level of agreement to a statement with a number from 0 
to 5, where 0 stands for “I am totally disagree with this statement”, 3 equals to “I hold a neutral opinion towards this 
statement”, and 5 signify “I am totally agree with this statement”. 
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Another shortcoming would be the fact that these “psychological” variables depend a lot on 

the perceptions or attitudes of the analysts who design the survey. For instance, when a 

researcher designs a five-point Likert scale which attempts to measure relative parameters 

like degree of concern for environmental factors, the researcher’s own bias regard to 

environmental values is of major significance. What is more, stated-preference survey 

would be of little significance if the extended indicators do not correspond to the reality. 

Surveys listed in Table 1 show the change of consumer tastes from the years 1992 to 2009. 

While respondents showed a great interest in vehicle associated variables like all-electric 

range as early as 1992, their concerns for environmental protection (variables like CO2 

production or emission level) have increased significantly in recent surveys, probably 

thanks to the worsening environment recent years. 

2.2 Qualitative	analysis	

Altogether three qualitative studies are presented in the current thesis, as listed in Table 4. 

Compared with research based on stated-preference surveys in the previous part, three 

different points should be noted: 

2.2.1	Methodologies	used:	Surveys	VS.	Interviews	

Compared with stated-preference surveys, face-to-face interviews could have more reliable 

results because the respondents could explain their opinion in detail (surveys last more 

than 2 hours), and the answers are more flexible (there are no stated answers prepared). In 

summary, eight aspects were discussed in all the interviews: 

i. Respondents’ background information: variables such as respondents’ age, 
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occupation, household income; 

ii. Household vehicle fleet history: variables such as the current brand names of 

vehicles in household vehicle fleet, when the respondents bought these 

vehicles; 

iii. Household AFV purchase narrative: the reasons why theses households 

brought AFVs rather than gasoline vehicles; 

iv. Recharge behavior: when and where these respondents recharge their AFVs; 

v. Travel pattern: vehicle usage pattern, variables like trip purpose, route choice; 

vi. Respondents’ perception: respondents’ preference of vehicle types and fuel 

types; 

vii. Symbolic meaning assessment: variables such as environmental preservation, 

war opposition, early adopters of technology; 

viii. Social interactions: influences of primary participants to secondary 

participants: 

A. Primary participants: AFV owners in the interviews, who are the major 

respondents in the interviews;   

B. Secondary participants: respondents living in the social circle of primary 

participants, such as co-worker, neighborhoods, and friends.  
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2.2.2 Subjects:	 Potential	 alternative-fuel	 vehicles	 consumers	 VS.	 Alternative-fuel	 vehicle	

owners.	

The subjects in stated-preference surveys studies are potential AFV consumers. As 

discussed above and in other literatures, responses from stated-preference surveys have a 

low level of reliability compared to interviews thanks to the following reasons: to begin 

with, since stated-preference surveys do not specifically choose their respondents, it is 

incorrect to assume that all the respondents have serious attitudes towards their stated-

preferences. As Molin stated in his paper, he excluded four respondents from further 

analysis out of the 308 initial sample size, because two respondents admitted they had 

made their choices in a random manner in the experiment, and the other two exhibited a 

“high inconsistent choice pattern” because they always selected the first stated choices 

among all choices listed (Molin,	2010). Another example would be Segal, 1995. In his 

research, he explored the influence of household income of respondents on their electric-

vehicle choices (Segal,	1995); however, he noted that respondents with extreme income 

(higher than 75,000 dollars and lower than 25,000 dollars) would favor electric-vehicles 

(EVs). It is hard to believe that respondents with household income lower than 25,000 

dollars would purchase an EV without tax incentives and satisfactory vehicle performance2. 

Thus, it is dangerous to measure all the responses as if they had the same level of reliability, 

especially when the sample size is small and without market segmentations. Another 

reason is respondents might have little or even no understanding of the choices listed in 

                                                           
2 A particular example is Mile ZX40, whose purchase price range is from 12,000 dollars to 20,000 dollars now, with 
top speed of 25 MPH and all-electric range of 50 miles. 
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the survey. Understandably, consumers who are accustomed to gasoline vehicles 

(especially SUV drivers) have poor understanding of PHEV technology or hydrogen vehicle 

technology in life, due to their limited access to AFVs. Molin reported that only 56% of the 

respondents were aware of the fact that Hydrogen is gaseous at room temperature, and 

34% of the respondents did not know what the emissions of hydrogen-car are (Molin, 

2005). Needless to say, these consumers may not even consider AFVs in their choice set 

when they purchase their next vehicle. However, interviews could compensate for both 

drawbacks listed above. After agreeing to be interviewed, respondents are unlikely to 

exhibit impatience within the process; and they are more familiar compared to the 

potential consumers because of the previous AFV driving experience. 

2.2.3 Sample size 

One can easily identify that qualitative studies have a smaller sample size compared with 

stated-preference surveys based research; 25 respondents of Heffner’s first research in 

2007, 23 respondents of Heffner’s second research in 2009, and 31 of Axsen and Kenneth’s 

research in 2009. It is compressible thanks to the high cost (both time and money), 

complexity (flexible answers rather than stated choices). However, the accuracy of 

qualitative studies cannot make up the drawbacks of sample size compared with stated-

preference surveys based research: extreme responses exhibit remarkably when sample 

size is small, and the small sample size may result to more homogeneous perception rather 

than diversity thanks to the fact that the respondents selected are probably living close. 
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Table 4: Literature Summary of qualitative studies 

Reference 
Data location 

(year) 
Sample size 

Study Method Key Findings 

Heffner, et al (2009).  
" Driving Plug-In Hybrid Electric 

Vehicles Reports from US 
Drivers of Hybrid Electric 

Vehicles Converted to Plug-In 
Hybrid Vehicles " 

U.S. (mainly 
located on the 

West Coast)       
[ Winter and 
Spring 2007 ] 

23 interviews from 
the sample of 15 

vehicles 

• Stage 1: Interviews from sample, and the following four topics are 
discussed in the interview: 
o Participant Background: Information on participant’s 

demographics: occupation, current personal vehicle, and 
experience with electric-drive vehicles 

o PHEV Use: Description of where, when, and how participant used 
a PHEV as well as discussion of these driving experiences 

o PHEV Refueling/Recharging: Description of when, where, and 
how participant fuels and charges PHEV, as well as participant’s 
reaction to the recharging process 

o PHEV Benefits/Drawbacks: Discussion of how participant thinks 
about PHEV, how he/she thinks others view PHEV, and the 
benefits and drawbacks he/she associates with the vehicle; 

• Stage 2: Four major findings are outlined from interviews: 
o Feedback on PHEV design and AER (All-electric range); 
o Experience with on-board instrumentation;  
o Recharging behavior; 
o General expectations regarding PHEV technology. 

The following variables are identified of high level of significance in the interviews: 

• All-Electric Range: many respondents implies that their desired AER should be 
equal to the distance of their one-way commutes (20 to 40 miles); 

• Fuel Economy and Fuel Costs: many respondents expect high fuel economy 
(presented in terms of MPG), their desired MPG should be within 65 to over 
100, for fuel cost aspect, many respondents believe that more consumers 
would be interesting of cost savings in different fuels; 

• PHEVs and Instruments: respondents report that instrumentation of the 
energy system would be more important to develop the value of the vehicle to 
buyers by monitoring the performance of the electric system compared to the 
gasoline system; 

• Recharging PHEVs: Respondents report that they would recharge 
unconstrained if there are no location or time availability constrains for 
recharging.   

• Driving with electricity: respondents believe high AER (all-electric range) and 
AEP (all-electric performance) would be attractive in gaining PHEV marker 
share. 

Heffner, et al. (2007).  
 "Symbolism in California's early 

market for hybrid electric 
vehicles" 

North California  
(November 2004 
and March 2005) 

25 households who 
purchased HEV 

between 2001 and 
2005 

• Stage 1: The study examines all participants by a 2-hours interview, and 
the interview is designed using McCracken’s four-step method. Points 
covered in the interview are presented as following: 
o Household vehicle history: a description of past and current 

household vehicles’ history; 
o Purchase narrative: a narrative of HEV purchase told by the 

households’ 
o Symbolic meaning assessment: researchers use a series of 

questions to assist participants to verbalize symbolic meaning of 
HEV in their life; 

o HEV benefits and disbenefits: HEV benefits and disbenefits are 
descript by participants, and participants explain the importance 
of these benefits and disbenefits in their life; 

o Stated tolerance exercise: participants discuss in what condition 
they would replace HEV with another vehicle.  

• Stage 2:The researchers help each household in the interview generate a 
graphic and accompanying text for descriptions of symbolism meaning 
for HEVs; 

• Stage 3: the symbolism meanings from all the participants are 
summarized and presented in the final.  

Five symbolism meanings are identified as common symbolisms for users of HEVs: 

• Preserve the environment 

• Oppose war 

• Manage personal finances 

• Reduce support for oil producers 

• Embrace new technology 

John Axsen and Kenneth S. 
Kurani (2009). "Interpersonal 
influence within Car Buyers' 

Social Networks: Five 
Perspectives on Plug-in Hybrid 
Electric Vehicle Demonstration 

Participants" 

Sacramento, 
California region  

(NA) 
31 individuals  

Generally, the study follows a “multi-method” approach, which includes 
structured interviews and internet-based questionnaires, and social episode 
diaries. The detailed process is as following:  

• Stage 1: 13 primary participants*, and 18 secondary participants** are 
invited to participate in this study, the primary participants complete 
online questionnaires and interviews for background information; 

• Stage 2: Secondary participants should also complete the online 
background checking;  

• Stage 3: Primary participants began keeping 4 to 6 week trials of PHEV 
while taking interviews about their experience of PHEV, they are also 
asked to report social episodes in their personal network regarding 
PHEV; 

• Stage 4: Secondary participants gave their social interactions and feeling 
about PHEV around primary participants. 

 

Five types of social interactions are listed in the paper: 

• Contagion: primarily unidirectional flow of functional information. 
Information diffuses from the primary participant to a secondary participant; 

• Conformity: an individual’s perceptions of what others are doing, and the 
influence of current trends and social pressures on individual adopters; 

• Dissemination: all participants believe that future buyers would be positively 
influenced if they (participants) spend effort to assign value to the vehicles. 

• Translation: participants discuss to others what PHEVs mean to them, and 
potentially to other groups, or society. And the result shows that participant 
with less electric-drive experience talk more about PHEVs. 

• Reflexivity: how PHEVs experience influence the participants’ lifestyles.  
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2.3 Trials’	study	

Trials’ studies stand for a total different approach if compared with stated-preference 

surveys based studies and interviews. Pre-selected respondents are given alternative-fuel 

vehicles3 by analysts, and they are required to finish questionnaires in both pre-trial and 

post-trial surveys and record their travel patterns4  and recharge behaviors5 in travel 

diaries. 

Altogether two trials’ studies are cited in the current thesis in Table 5. The former study 

held by Golob and Gould focused mainly on travel patterns of respondents in electric 

vehicles’ trials, and the latter one pays more attention on recharging behaviors of PHEVs 

(Plug-in Hybrid Electric Vehicles). Analysts of both trials proposed that experience with 

AFVs in trials could provide “direct evidence” of early adopters’ use patterns (Golob and 

Gould, 1998). And these vehicle trials were considered to be “a source of information 

beyond usual consumer preference information beyond vehicle design purpose” (Golob and 

Gould, 1998). 

2.3.1 Subjects studied: 

Households selected in both studies were varied in their various levels of knowledge of 

electric vehicles and plug-in hybrid electric vehicles working principles, motivations and 

                                                           
3 Alternative-fuel vehicles recorded here mean electric vehicles and plug-in hybrid electric vehicles. 
4 Travel pattern: or travel behavior, respondents record how or when they would use alternative-fuel vehicles. 
Variables recorded included: departure time at origin, arrival time at destination, distances between origin and 
destinations, purposes for all individual trips, and route choices. 
5 Recharge behavior: respondents record how they would refuel their alternative-fuel vehicles. Variables recorded 
included: recharge time of the day (when they recharge their alternative-fuel vehicles), recharge location (where they 
recharge their alternative-fuel vehicles), frequency of plugging-in, electricity demand to recharge the vehicles, and 
to what extent they would recharge vehicles. 
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opportunities for recharging from home (Davies and Kurani, 2010). The authors noted in 

their work that respondents improved their understandings of PHEV technology 

substantially during the trials’ periods, they listed long-distance trip as an example: 

respondents with no direct experience with EVs would imagine more options for the 

solutions of limited range of EVs, while drivers with EVs experience in their trials during 

survey would have fewer but viable solutions (Golob and Gould, 1998). 

2.3.2 Major findings 

The results of both trials are listed in the last column of Table 5, and Table 6 is a simplified 

summary of conclusions. All the results presented excluded the influence of 

“demonstration rides”. As can be seen, respondents developed their interests in EVs after 

the first trial (the rise in estimated use of EVs for trips, desired daily range for EVs and 

daily trip rates), which proves that prior AFV driving experience does play an important 

role in respondents’ perceptions. However, respondents still rely on more on conventional-

fuel vehicle than electric vehicles (indicated by Daily VMT variable); this might be resulted 

from the sacrifices of vehicle attributes such as acceleration and top speed. The last 

variable, trip purposes, indicates that respondents do not have very different travel 

patterns between conventional-fuel vehicles and EVs. The other report listed in Table 5 

may have lower level of significance, Davies and Kurani constrained their research field to 

recharge behavior and did not mention how these findings could apply to vehicle use 

patterns6. However, there is no doubt that respondents in trials’ studies would leave a 

                                                           
6 This might because of the deadline of TRB. All the papers submitted should be before August, 1st, and the trial 
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particular time for recharging, which indicates that it is the charge depleting (CD) modes, 

rather than the charge sustaining (CS) modes that attract respondents. 

2.3.3 Biases and shortcomings 

However, biases are admitted in both studies. “Demonstration rides7” without particular 

trip purposes are observed through all the trials’ study durations. Understandably, 

“demonstration rides” have little significance for AFVs usage patterns’ analysis. In the 

former research conducted by Golob and Gould in 1998, analysts separated “demonstration 

rides” from regular travel by pre-setting columns8 in travel diaries. However, the latter 

research analysts, Davies and Kurani, especially chose the last week of the duration9 

because they believed that the respondents in prior weeks had already gained enough 

recharging experiences of the vehicles in tests; and the last week is the most representative 

of recharge behaviors of these respondents in reality (Davies and Kurani, 2010). 

What is more, the shortcomings of two research are not ignorable, although trials have 

unique characteristics compared with regular research methodologies. First of all, the 

respondents selected are located within restricted region. This would result in 

homogeneous travel patterns or recharge behaviors. Secondary, trials’ study is an 

expensive research methodology and quite sensitive to sample size. Extreme behaviors 

                                                                                                                                                                                           

study was just finished at June. 
7 Demonstration ride means drivers in the trials’ studies would drive their vehicle just for a test ride, in order to 
check the vehicle performance or vehicle attributes variables such as all-electric range, MPG (miles per gallon), 
acceleration or top speed. 
8 Analysts let the respondents in trials to separate their “demonstration rides” in travel diaries themselves. 
9 The whole duration in their research lasted for four weeks. 
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would lower accuracy in such a small sample size, not to mention extra problems when 

applying the results to nationwide level. 
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Table 5: Literature Summary of trials’ studies 

Reference Sample size 
Key variables mentioned/recorded by 

respondents 
Important variables 

recommended by authors 
Comparison results 

Tahomas F. Golob; 
Jane Gould (1998). 
 "Projecting use of 

electric vehicles 
from household 
vehicles trials: 

trial and error?"  

63 
respondents in 

South 
California 

 (1995 and 
1996) 

Respondent characteristics in vehicle trials:  

• Gender;  

• Education level;  

• Household with or without children;  

• Age;  

• VMT for first vehicle;  

• VMT for second vehicle. 

 
Key points covered in travel diary:  

• Departure times;  

• Arrival times;  

• Distance;  

• Purpose of all individual trips. 

 
 

• Conventional 
gasoline vehicles; 

• Electric vehicles. 

• Daily VMT: Conventional-fuel vehicle >Electric vehicles 

• Estimated use of EV for work trips: Pre-trial< Post-trial; 

• Estimated use of EV for other travel: Pre-trial< Post-trial; 

• Total estimated VMT per week: Pre-trial< Post-trial; 

• Desired daily range for EV (recharge at night only): Pre-trial< Post-trial; 

• Desired daily range for an EV (recharge at daytime): Pre-trial< Post-trial; 

• Daily VMT comparison (including and excluding with "Demonstration Ride" Trips): 
Conventional-fuel vehicle> EV with "Demonstration Ride" > EV without "Demonstration Ride"; 

• Daily trip rates comparison (including and excluding with "Demonstration Ride" Trips): 
EV with "Demonstration Rides" > conventional-fuel vehicle > EV without "Demonstration Ride"; 

• Daily VMT comparison by trip purposes: 
o Conventional-fuel vehicles (Top 3): 

Work-related>Serve passenger>Social or recreational; 
o EV with "Demonstration Rides":  

Work-related>Serve passenger>Social or recreational; 
o EV without "Demonstration Rides":  

Work-related>Serve passenger=Social or recreational; 

• Responses of question "what if the range of trip exceeds the hypothetical range of EV?” 
o Pre-trial: 74.2% choose "make the same trip in another vehicle in household"; 19.4% choose "recharge Ev at a 

service station"  
o Post-trial: 83.15% choose "make the same trip in another vehicle in household"; 10.5% choose "recharge Ev at a 

service station" 

• Relation between mean daily VE VMT with mean daily conventional-fuel VMT: [+]. 

 
 
 
 
 
 
 

Jamie Davies and 
Kenneth S. Kurani 

(2010). 
"Households’ Plug-
in Hybrid Electric 

Vehicle 
Recharging 
Behavior: 
Observed 

variation in 
households’ use of 

a 5kWh blended 
PHEV-conversion" 

 
 
 
 
 
 
 
 

40 households 
in Northern 
California  

(August 2008 
and June 

2009) 

• Respondent characteristics in vehicle 
trials:  
o Age;  
o Life stage; 
o Vehicle holdings; 
o Geographic location; 
o Vehicle use type;  
o Standard electric outlet 

availability.  

• Recharging behavior covered in the 
trials:  
o Recharging time of the day; 
o Frequency of plugging in; 
o Electricity demand to recharge 

the vehicles; 
o Recharging events (to what 

level do the respondents 
recharge their vehicles). 

• Driving behavior: 
o Acceleration; 
o Top speed; 
o Choice of route; 
o Destination of trips. 

• Weekdays' 
recharging behavior; 

• Weekends' 
recharging behavior. 
 

Points covered: 
o Daily 

recharging 
frequency;  

o Distribution of 
plug-in events; 

o Electricity 
availability*; 

o Power 
demand**. 

• Mean Daily Recharging Frequency: Plugging-in occurs less frequently on average on weekend days than on weekdays; 

• Recharge behavior (how often do people fully recharge a PHEV) 
o Full charge: from 0 to 100% (maximum) of battery  

� 35% of plug-in events at weekdays; 
� 32% of plug-in events at weekends. 

o Charge at full: from x (x>0%) to 100% (maximum) of battery 
� 43 % of plug-in events at weekdays; 
� 45% of plug-in events at weekends; 

o Charge partially: from x1 (x1>0)to x2 (x2>x1) 
� 22% of plug-in events at weekdays; 
� 23% of plug-in events at weekends; 

• Electricity Availability & Power Demand: All Weekdays 
o Electricity Availability10: 

� 10PM to 6AM: 60% to 75% of households in trails carry out their plug-in events; 
� By 9AM: 20% to 23% of households in trails carry out their plug-in events; 

o Electricity demand: Respondents start to recharge their vehicles at 5:00pm, and peaks just after 10:00pm  
o Conclusion: The period between 5:00pm one day and 9:00am the next morning is the period with the highest 

average likeliness of a PHEV being plugged in. 

• Electricity Availability & Power Demand11: Weekends days 
o Electricity Availability: The high electricity availability period starts an hour later on weekend nights than on 

weekdays: 50% to 55% of vehicles are plugged in between 11PM at night and 6AM in the next morning; 
o Electricity demand: Increased more slowly over the course of the early evening than on weekdays. 
o Conclusion: Compared to weekdays, on weekends the PHEVs were on average plugged in until later in the 

morning, recharging took place over a longer time period, and peak power demand was lower in the evening. 

                                                           
10 Electricity availability: The time of day 10 during which the vehicle was plugged into an electrical outlet. 
11 Power demand: The necessary electricity drawn from the grid to recharge the PHEV battery. 
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Table 6: Summary of trials' studies 

Reference Variables Results 

Golob and Gould 

 (1998). 

"Projecting use of 

electric vehicles from 

household vehicles 

trials: trial and error?" 

 

Daily VMT 
Conventional-fuel vehicle> Electric 

vehicles 

Estimated use of EVs for 

trips 
Post-trial > Pre-trial 

Desired daily range for EVs Post-trial > Pre-trial 

Daily trip rates 
Conventional-fuel vehicle> Electric 

vehicles 

Trip purposes (for both 

conventional-fuel vehicles 

and electric-vehicles) 

Work-related> Serve passenger> Social 

or recreational 

Davies and. Kurani 

(2010). 

"Households’ Plug-in 

Hybrid Electric Vehicle 

Recharging Behavior: 

Observed variation in 

households’ use of a 

5kWh blended PHEV-

conversion" 

Daily recharging frequency Weekdays > weekends 

Recharge behavior 
Charge at full12> full charge13 > charge 

partially14 

Electricity availability & 

Power demand 

(Weekdays) 

The period between 5:00PM one day 

and 9:00AM the next morning is the 

period with the highest average 

likeliness of a PHEV being plugged in. 

Electricity availability & 

Power demand 

(Weekdays) 

Compared to weekdays, on weekends 

the PHEVs were on average plugged in 

until later in the morning, recharging 

took place over a longer time period, 

and peak power demand was lower in 

the evening 

  

                                                           

12 Charge at full: from x (x>0%) to 100% (maximum) of battery 
13 Full charge: from 0 to 100% (maximum) of battery 
14 Charge partially: from x1 (x1>0)to x2 (x2>x1) 
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2.4	Other	relevant	studies 

Other relevant studies emphasize on consumers’ attitudes towards AFVs or “green” fuels, 

and to what extent these psychological preferences would determine consumers’ choices 

between an AFV and a conventional gasoline vehicle. As mentioned in the previous section, 

these psychological variables such as consumers’ perceptions or assessments toward 

environment-friendly technology are difficult to be translated into specific numbers. What 

is more, consumers’ attitudes or perceptions are flexible, ambivalent, or even paradoxical, 

thus, it brings inconveniences when designing stated-choices in questionnaires of a stated-

preference survey. 

All together four papers are listed in this section of the current thesis, one detailed 

summary of these four papers is presented in Table 7. 

Multiple data sources are cited in the references, and all variables in references are 

summarized in Table 7. Besides stated-preference surveys, analysts also adopted 

information from local bureau of motor vehicles, 2001 national household transportation 

surveys and other related censuses. Compared with stated-preference surveys, authors of 

these references paid more attention to consumers’ personal characteristics which include 

both socioeconomic variables and respondents’ psychological evaluation parameters. In 

addition, for the vehicles’ attributes variables, these research focus on information about 

respondents’ previous vehicles’ transactions, such as perceived energy consumption of 

existing vehicle fleet in household; what is more, analysts collected respondents’ travel 

behaviors and vehicle use patterns. 
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Teisl found that socioeconomic parameters were relatively less important in determining a 

respondent’s probability of purchasing an AFV (Teisl, 2008). On the other hand, according 

to Coad’s paper, most respondents did not show special interests in AFVs or seriously 

consider the situation of increasing climbing gasoline prices (Coad, 2009). In addition with 

Teisl’s report, most populations were not or just be aware of the fact that they might have 

to change their transportation fuel type in order to encounter the increasingly rising 

gasoline price and worsening environment. Respondents showed great credibility to 

vehicle manufactures and local government; they believed that it is the manufactures or 

government’ responsibility to solve these problems. 

Haan reported that they observed positive evaluation of Toyota Prius 2. He wrote that 

Prius 2 has “effectively combines fuel efficiency and the satisfaction of consumer needs”, 

and would “become the most used car in the household” (Haan, 2006). He highly signified 

the social symbolic meanings like earning “social credibility” when adopted a fuel-efficient 

vehicle rather than a high fuel consumption vehicle. 

To the last but not the least, when referring to the probability of purchasing an AFV, both 

Teisl and Kahn observed specific attributes of consumers of high willingness to purchase 

an AFV. Potential AFV buyers were more likely to be an environmentalist, showing more 

concerns for air quality, and willing to take more responsibility in public health aspect 

(Teisl, 2008, Kaha, 2007). These two papers are of high level of significance since they are 

published not long ago and representing the current consumers’ preferences. 
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However, another important variable kept untested in all the references listed above, the 

configuration of vehicles. Appearance would be the first attribute that attracts a potential 

consumer, even before a test ride. One respondent in the interview conducted by Axsen 

and Kurani described that the Prius is more like an “egg shape” (Axsen and Kurani, 2009); 

thus, some potential buyers would reject Prius at the first glance because they probably 

think that Prius’ funny looking might lower their social imagines like maturity or reliability. 
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Table 7: Literature summary of other-related references 

Reference Data  
Location 

Sample Size Subject related to the 
thesis 

Key Variables relevant to consumers’ 
preference 

Other/secondary  variables mentioned in the 
study 

Key Findings 

Alex Coad, et al 
(2009). 

“Consumer support 
for environmental 

policies: An 
application to 

purchases of green 
cars” 

Swiss 
(June, 2005) 

1581 respondents from survey 
(June, 2005) 

How consumers’ fuel 
preference change 
according to 
incremental 
information about 
green fuels and 
additional fuel taxes. 

• Consumers’ characteristic 
information: 
o Age; 
o Education level; 
o Annual fuel cost; 

• Consumers’ demand on relevant 
information: 
o Information about 

energy efficient vehicles; 
o Information about how 

energy consumption can 
be reduced; 

o Information about fuel 
consumption amount for 
different vehicles; 

• Financial incentives: 
o Fine for polluting 

vehicles; 
o Incentives for energy 

efficient vehicles.  

• Consumers’ characteristic information: 
o Sex; 
o Whether with a child; 
o Personal income; 

• Financial incentives: 
o Support for increase in fuel prices; 

o Effects of raising the price of fuel 
and redistribution by lowering 
health insurance premiums. 

• Responsibility for environmental protection: 
o Most respondents view that car producers should 

be more responsible, in making more fuel efficient 
vehicles. 

• Information policies: 
o Most needed information for consumers are 

information on fuel-saving cars. 

• Respondents’ view of financial incentive policies: 
o Almost half of the respondents think that 

increasing fuel prices is “not useful”; 
o Almost 40% of the respondents were indifferent 

towards premiums set for energy efficient 
vehicles; but about the same amount (39%) 
considers it to be “useful”. 

o Interrelations between information-based 
policies and financial. 

• incentive policies: 

o Respondents with the opinion that a high fuel tax 
is not useful at all tend to have positive attitude 
towards information on problem of high fuel use. 

Mario F. Teisl, et al 
(2008). 

“Non-Dirty 
Dancing? 

Interactions 
Between Eco-labels 

and Consumers” 

Maine 
(May to August, 

2004) 

• 620 respondents from 
survey 

(June to August, 2004) 

• 1,382,735 records from the 
Maine Bureau of Motor 
Vehicles  

( May of 2004) 

How the utility function 
of a consumer changes 
with different 
environmental related 
assessment of product 
(ECO), perceived 
credibility of the label 
information (CRD), 
perceived importance 
of the environmental 
information (IMP), 
compromises 
associated with the 
vehicle (COMP), 
individual’s 
psychological situation 
(PSY), social-
demographic/economic 
characteristics, and 
income. 

• BUY (the probability to 
purchase a “green” vehicle ) 
o ECO [+]; 
o IMP [+]; 

• ECO 
o EDU [-]; 

• CRD 
o FIO [+]; 
o ALLS [-]; 
o TST (Individuals’ 

perception of the 
following statement “I 
trust the state 
government to protect 
Maine’s environment”, 
where 1=”very disagree”, 
5= “strongly agree”) [+]; 

o AGE [+]; 
o EDU [+]; 

• IMP 
o PCE [+]; 
o FIO [+]; 
o CONC (individual’s 

concern over the amount 
of air pollution in Maine, 
where 1=”not at all 
concerned” to 5=”very 
concerned”) [+]; 

o GRD [-]; 
o EDU [+]. 

• BUY (the probability to purchase a 
“green” vehicle ) 
o CRD [+]; 
o PCE (perceived consumer 

effectiveness, where 1=”strongly 
disagree”, and 5= “strongly 
agree”) [+]; 

o FIO (faith-in-others, where 
1=”strongly disagree”, and 5= 
“strongly agree”) [+]; 

o COMP [+]; 
o GDR (Gender, 1=male and 

0=female) [-]; 
o AGE (Age, in years) [+]; 
o EDU (Education level, in years) [-

]; 
o INC (personal income, in dollars) 

[+]; 

• ECO 
o ALLS ( =1 if whether all vehicles 

pollute about the same; =0 
otherwise) 

o GDR 
o AGE 

• CRD 

• IMP 
o COMP [-]; 
o AQR (Individual’s rating of 

Maine’s air quality, where 1= 
“very bad”, to 5= “very good”) [-]; 

o DLR (=1 if individual believes 
auto dealers have provided with 
enough information about how 
much air pollution a vehicle 

• Impacts of the endogenous variable, an individual’s 
stated likelihood to buy (BUY) is positively impacted by 
one’s perception of the eco-friendliness of the vehicle; 

• In the short run, providing an individual with different 
forms of environmental information is not likely to make 
a major impact on the importance of the eco-
information; 

• It may be that respondents distrust the presentation of 
quantitative information that is accompanied by only 
vague information of how that quantitative 
information was derived, thus, consumers distrust 
simplified information even it is positive and true; 

• Information importance is positively related to the level 
of concern for air quality and to the level of perceived 
consumer effectiveness; 

• Information importance is positively related to an 
individuals’ faith in others, indicating that individuals 
will be more likely to contribute to a public good when 
they feel that others are also likely to contribute; 

• Education is the most important socio-economic in 
consumers’ preferences. More educated individuals, on 
average, place more importance on pollution information 
and are more likely to trust information provided by 
auto makers; however, they are more likely to give 
negative credibility to “green” vehicles; 

• Socioeconomic characteristics were not significant 
factors in explaining directly a respondent’s likelihood to 
buy. 
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makes, =0 otherwise) [+]; 
o ALLS [-]; 
o AGE [+]. 

 

Reference Data  
Location 

(year) 

Sample Size/Data source Subject related to the 
thesis 

Key Variables relevant to consumers’ 
preference 

Other/secondary  variables mentioned in the study Key Findings 

Peter de Haan, et al 
(2006) 

“Does the hybrid 
Toyota Prius lead to 

rebound effects? 
Analysis of size and 

number of cars 
previously owned 

by Swiss Prius 
buyers”  

Mail-out and 
mail-back 
survey in 

Swiss 
(September 

2004) 
 

302 Respondents from survey  Two kinds of direct 
rebound effects that 
related with buying 
hybrid cars: 

• Will people 
switch from 
small and/ 
already fuel-
efficient cars to 
the new hybrid 
vehicles? 

• Will people 
adopt the new 
hybrid vehicle 
to be a 
replacement 
vehicle of the 
last old vehicle, 
or an additional 
vehicle? 

• Rebound effect 1: 
o Car size (measured in empty 

vehicle weight); 
o Vintage; 

• Rebound effect 2: 
o Number of vehicle ownership 

(per house). 

• CO2 emissions (g/km); 

• Fuel consumption (liter/100 km); 

• Fuel efficiency (U.S. miles per U.S. gallon); 

• Empty (curb) weight (kg); 

• Vehicle length (m); 

• Engine capacity (cm3); 

• Rated maximum power (kW); 

• Share of diesel (%); 

• First vehicle registration from now (in 
years); 

• Automatic gearbox (%); 

• Manual gearbox (%); 

• Sequential (no gears) (%); 

• Age of households’ reference person (in 
years).   

• Conclusion: 
Neither of these two rebound effect is found 
according to the survey. 

• The origin of rebound effect is primarily to be 
social-psychological nature; people lose social 
credibility when buying high fuel consumption 
vehicles. 

• Both these rebound effects are analyzed without of 
economic reasons. 

• Detailed result for rebound effect 1: 
The replaced vehicles are slightly above-average 
for the average 1996 fleet regarding weight and 
engine capacity, and below average for CO2 
emissions: thus, hybrid vehicles buyers switched 
from an average sized car to a slightly below-
average sized car. 

• Detailed result for rebound effect 2: 
The rate of non-placement purchases would be 
20.1%, if the age distribution of the Swiss Prius 2 
buyers is taken into consideration. But the buyers 
of the Prius 2, the percentage of non-replacement 
purchases is 13.7%, clearly below the upper limit, 
thus, the vehicle ownership would in fact decrease 
if the Prius 2 buyers were reprehensive for the 
whole Swiss population. 

• Toyota Prius 2 is indeed a product that effectively 
combines fuel efficiency and the satisfaction of 
consumer needs, and is successful in replacing 
daily-use vehicles and becoming the most used car 
in the household.     

Matthew E. Kahn 
(2007). 

“Do greens drive 
Hummers or 

hybrids? 
Environmental 

ideology as a 
determinant of 

consumer choice” 

California 
(2001-2004) 

 

• California census from 
Berkeley IGS 
7002 tracts; 
o Propositions: 
o Proposition 185 in 

1994; 
o Proposition 12 in 

2000; 
o Proposition 13 in 

2000; 

• Annual league of 
Conservation Voters’ (LCV) 
scorecard data; 

• 2001 National Household 
Transportation Survey 
(NHTS); 

• Los Angeles County census 
tract level data in 2005 

This paper focuses on 
environmentalists’ 
private consumer 
choices between 

gasoline vehicles and 
hybrid vehicles. 

• Vehicle use (from 2001 NHTS, in 
regression): 
o Share of zipcode Green party 

registered: 
� 

*1Gallons [-]; 
� 

*2SUV [-]; 
� 

*3Not use public transit 
[-]; 

o Block density:  
� Gallons [-]; 
� SUV [-]; 
� Not use public transit [-

]; 
o Household income:  

� Gallons [+]; 
� SUV [+]; 
� Not use public transit 

[+]; 
o Household size: 

• Vehicle use (from 2001 NHTS, in 
regression): 
o Zip code is within one mile of a 

transit station; 
� Gallons [-]; 
� SUV [-]; 
� Not use public transit [-]; 

o Age; 
� Gallons [-]; 
� SUV [-]; 
� Not use public transit [+]; 

• Transportation mode choice (from census 
tract, 2000, in regression): 
o Within one mile from rail transit 

station: 
� Public  transit [NA]; 
� Walking [+]; 
� Carpool (< 25 min) [NA]; 
� Individual without a vehicle 

• Green party registered voters live at higher 
population densities, closer to the city centre and 
closer to rail transit stations. 

• Households who live within Green Party areas 
consume less gasoline, richer people consume 
more gasoline and people who live at higher 
population density consume less gasoline. 

• Green party coefficient is positive and statistically 
significant in each of the hybrid vehicle count 
regressions. 

• Environmentalists are more likely to purchase the 
hybrid versions than other communities. 

• Conclusion: 
California environmentalists make “green” 
transportation choices than the average consumer.  
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� Gallons [+]; 
� SUV [+]; 
� Not use public transit 

[+]. 

• Transportation mode choice (from 
census tract, 2000, in regression): 
o Share of zip code Green party 

registered: 
� Public  transit [+]; 
� Walking [+]; 
� Carpool (< 25 min) [+]; 
� Individual without a 

vehicle [+]; 
o Average household income: 

� Public  transit [-]; 
� Walking [-]; 
� Carpool (< 25 min) [-]; 
� Individual without a 

vehicle [-]; 
o Share tract Black: 

� Public  transit [+]; 
� Walking [-]; 
� Carpool (< 25 min) [-]; 
� Individual without a 

vehicle [+]; 
o Share college graduates: 

� Public  transit [+]; 
� Walking [+]; 
� Carpool (< 25 min) [+]; 
� Individual without a 

vehicle [+]; 
o Population density: 

� Public  transit [+]; 
� Walking [+]; 
� Carpool (< 25 min) [+]; 
� Individual without a 

vehicle [+]. 

• Honda registration of conventional 
and hybrid (Accord VS. Civic, Los 
Angeles County census tract level data 
in 2005): 
o Share of tract Green Party 

registered: 
� Accord [-]; 
� Civic [-]; 

o Average household income: 
� Accord [+]; 
� Civic [+]; 

o Population in 1000s:  
� Accord [+]; 
� Civic [+]; 

o Share Hispanic:  
� Accord [-]; 
� Civic [-]; 

o Population density: 
� Accord [+]; 
� Civic [+]. 

 

[+]; 

• Honda registration of conventional and 
hybrid (Accord VS. Civic, Los Angeles 
County census tract level data in 2005):  
NA. 
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Table 8: Summary of variables in references 

Vehicle attributes 

Vehicle band name 

Vehicle vintage 

Engine capacity 

Gear type 

Pollutant production 

Consumers' socioeconomic characteristics 

Age 

Education level 

Gender 

Personal income 

Whether with a child 

Occupation 

Race 

Annual fuel cost 

Whether an "environmentalist" or not 

Transportation mode choice 

Consumers' previous transaction 

Band loyalty 

Vehicle transaction type 

Vehicle purchase history 

Whether has a Prius in current household vehicle fleet 

Vehicle purchase purpose 

Number of vehicles in household fleet 

Consumers' information demand 

Towards energy efficient vehicles 

Towards how energy consumption can be reduced 

Towards fuel consumption amount for different vehicles 

Consumers' perceptions 

Towards finical incentives 

Towards high fuel tax 
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Towards fine for high polluting vehicles 

Towards promotion of fuel prices 

Towards responsibility of environmental protection 

Towards air quality 

Towards importance of information gathered 

Towards state government's measures in protecting environment 

Towards "green" technology 
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2.5	Hypothetical	deduction	analysis 

Hypothetical deduction means that study analysts do not attain a conclusion based on 

respondents’ feedback data or opinions, but rather simulation on censuses or social-

demographic data. The analysts suppose how an individual would behave under 

hypothetical circumstances, such as gasoline price breaches 5 dollars per gallon, or the 

manufactures lower the purchase prices of AFVs. The individual (or the agent) in these 

models, is considered to be rational enough to complete his or her vehicle adoption or next-

vehicle transaction according to his or her own interests, such as economic calculation, or 

social influences. The individual would respect or follow a certain decision-making rules: 

for instance, agent in Pellon’s paper would take PHEV (plug-in hybrid vehicle) into 

consideration under certain social influences; and the agent would choose PHEV ultimately 

if the economic benefits of PHEVs exceed other types of vehicles. According to different 

scenarios, analysts could be able to test what variables are most sensitive to the promotion 

of target (market share of AFVs in current thesis) in model. 

All together three papers are cited in the current thesis, one summary of key points held in 

these references are presented in Table 9.  

In summary, all these three references agree that “a smooth transition” (Dodson, 2009), 

from current vehicle fleet to an “alternative-fuel” vehicle dominated vehicle fleet is not 

completely available. However, different analysts gave separate reasons in their papers 

respectively: Pellon focus on economic analysis aspect; he stated that adoption of PHEV 

would increase significantly if the price premium is reduced from 10,400 dollars to 5,000 
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dollars (Pellon, 2010); Jago Dodson emphasized on current vehicle composition, he argued 

that transportation dependence on gasoline would continue thanks to the large portion of 

old and large vehicles in the current vehicle fleet, and local residents are of less capacity of 

vehicle upgrades (Dodson, 2009); for Mohseni, he specially stressed that the PHEV market 

would be a failure if the importance of government’ support is underestimated, although he 

admitted that “an established and robust PHEV market may be difficult to support and 

maintain” (Mohseni, 2009). 

On the other hand, all the key findings summarized in Table 9 correspond with previous 

references. Pellon’s paper showed the importance economic benefits; Dodson’s paper gave 

importance on social-demographic variables; and Mohseni’s paper showed importance of 

government support, which is corresponding to fuel availability and recharge behaviors of 

future AFV users. 

However, relatively minor lessons could be drawn from this section of references: to begin 

with, all these three papers are market-based analysis rather than consumer-preference-

based analysis. The authors emphasize more on policies carried out by local government or 

measures conducted by vehicle manufactures15, rather than regarding stated opinions for 

consumers. Secondary, all these results spring from hypothetical circumstances, which may 

not be reasonable in reality. Finally, all these models exclude consumers’ psychological 

variables like personal perceptions or attitudes, and these psychological variables are 

                                                           
15 For instance, Mohseni and Stevie stated that market share of alternative-fuel vehicles would promote if local 
government contributes on constructions of localized distribution issues, and infrastructure management. 
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proved to be important in the previous sections, especially in “other related studies” 

section.  
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Table 9: Literature Summary of hypothetical deduction references 

Reference Data source Dependent variables Study Method Significant explanatory variables  
Other variables mentioned in 

the paper 
Key findings 

Pellon, et al. 
(2010). 

"An agent-based model 
for estimating consumer 

adoption of PHEV 
technology" 

All the data in the model 
were hypothetical, and 

the authors compared the 
model under different 
scenarios to test the 

influences of 
environmental concerns 

and financial 
considerations.  

• PHEVs 

• Other types of 
vehicles 
(including 
HEVs) 

The model is a hierarchical model: the 
first layer is about social influences, the 
second layer is about the financial 
considerations. The researchers 
consider one specific agent in the 
model by the following algorithm: 

• The agent would not consider 
PHEV unless the PHEV has 
taken a substantial portion of 
vehicle fleet round him or her;  

• The agent does a simple 
financial evaluation regarding 
vehicle prices and fuel prices to 
determine the choice between 
PHEV and other vehicles. 

• Social influences (residential 
locations and spatial distribution of 
annual salaries) [+]; 

• Gasoline prices [-]; 

• Initial PHEV purchase price [-]; 

• Environmental preservation [+]. 
 
 
 
 
 

• Annual household 
income; 

• Expected number of 
years to own a car 
before buying one; 

• Years of look-ahead in 
computing fuel 
operating costs; 

• Current vehicle age; 

• Current vehicle fuel 
economy. 

 
 
 
 
 

• Large increase in PHEV adoption could be achieved 
by reducing the price premium from $10,400 down 
to $5,000. 

• Helping consumers to more accurately estimate 
fuel cost savings over their anticipated duration of 
ownership of a vehicle can dramatically increase 
PHEV adoption. 

• Increasing gas prices would result in PHEV 
adoption increases, but the sensitivity of PHEV 
adoption to rising gas prices is markedly lower 
when the initial premium is reduced from $ 10,400 
to $ 5,000. 

Jago Dodson, et al. 
(2009). 

"Urban structure and 
socio-economic barriers 
to consumer adoption of 

energy efficient 
automobile technology 

in a dispersed city: a 
case study of Brisbane, 

Australia" 

The data regarding all the 
variables came from 
Australian Bureau of 

Statistics Census data and 
motor vehicle 

registration data at the 
postcode level. 

• New type 
vehicle 
(Alternative fuel 
vehicles) 

• Conventional 
gasoline 
vehicles 

• Evaluate VIPER scores as an 
assessment of the relative "oil 
vulnerability", according to 
various Brisbane postcodes; 

• Two groups were constructed 
comprised of the best 20 
postcodes and worst postcodes 
respectively within Brisbane by 
VIPER score; 

• Analysis different relations of 
attributes of a variable with 
VIPER scores of two groups of 
postcodes. 

The sign for High VIPER16 scores are relative 
to Low VIPER scores (which is set as 
baseline): 

• Proportion of total cars (per 
household) [+]17; 

• Distribution of car age (year) [+]; 

• Proportion of big engine cars [+]; 

• Proportion of old cars [+]; 

• Proportion of old and big engine cars 
[+]; 

• Proportion of new cars [-]; 

• Proportion of new and big engine 
cars [-]. 

NA 

• The age structure of the Brisbane motor vehicle 
fleet determines that there would be a long period 
before electric vehicles dominate the whole vehicle 
fleet. 

• Socio-spatial dimensions of the vehicle fleet means 
that the oldest and largest motor vehicles are likely 
to be found in areas with households have less 
capacity for vehicle upgrades. 

• The links between the relative weaker household 
capacities to afford motor vehicles intersects with 
the structure of transport and travel behavior 
outlined previously. 

• Conclusion: efforts to reduce urban transportation 
dependence on gasoline are unlikely to offer a 
comprehensive transformation of urban transport 
patterns. 

Mohseni and Stevie 
(2009). 

“Electric vehicles: Holy 
Grail or Fool's Gold” & 

"Plug-In Electric 
Vehicles Value for 

Utility industry" (which 
was not published yet) 

Duke Energy's service 
territory, residential 

information comes from 
duke Engery Cooperation 

(2009) 

• Conventional 
gasoline 
vehicles; 

• PHEVs; 

• EVs (Electric 
vehicles); 

• Scooters. 

• Residential customers were 
clustered to twenty four 
segments according to 
demographics features; 

• All customers scored using 
clustering and regression, to 
get Prob Value, eventually 
replaced with actual purchase; 

• Consider consumers' 
preferences change under 
various scenarios. 

 

• Gasoline price level: 
o Standard gasoline vehicle [-] 
o PHEV [+] 
o EV [+ when gasoline price <= 

$8/gallon, turned to - after 
that] 

o Scooter [-]. 

• Recharge time availability [+]; 

• Recharge station availability [-, if no 
two stations are within 10 miles] 

• Vehicle performance (MPG) [+]. 

• Maximum speed; 

• Incentive; 

• Luxury features; 

• Impact on global 
warming; 

• Vehicle type; 

• Fueling duration; 

• Vehicle prices 

• The most important variables are listed as 
following: 
Fuel economy> Vehicle purchase price> Maximum 
speed> Gasoline price. 

• Utilities' abilities to successfully manage localized 
distribution issues, time of use pricing, charging 
venues, and infrastructure management are key 
variables determining market adoption of electric 
vehicles. 

• An established and robust PHEV market may be 
difficult to support and maintain, if ignored for too 
long or if inadequately planned. 

                                                           
16 VIPER is short for “Vulnerability Index for Petrol Expenses and Rises”; a low VIPER score means low exposure to the socio-economic risks of higher fuel 
prices. 
17 The positive sign here means that when compared with areas with low VIPER scores, areas with high VIPER scores tend to have higher proportion of total 
cars. 
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Chapter	3	Data	and	Model	Structures	

This	chapter	introduces	research	data	and	model	structure	used	in	the	current	

thesis.	Earlier	literature	mainly	focused	on	how	respondents’	personal	

characteristics	influence	individuals’	vehicle	purchase	choice	between	AFVs	

(Alternative-Fuel	vehicles)	and	conventional	gasoline	vehicles.	In	addition	to	these	

decision	makers’	characteristics	variables,	environmental	variables	describing	

individuals’	residential	environment	were	presented	in	current	thesis	to	better	

understand	consumers’	purchase	behavior.	Moreover,	for	these	environmental	

variables,	specific	data	assembling	methodologies	were	in	need	to	transform	data	

from	block-group	into	1	mile	block-group	buffer	level,	in	order	to	better	reflect	

respondents’	environmental	attributes.	

The	development	of	this	chapter	is	arranged	as	following:	firstly,	as	presented	in	

Section	3.1.1,	both	individuals’	personal	variables	and	environmental	variables	were	

derived	from	different	data	sources;	secondly,	Section	3.1.2	explains	how	and	why	

transformed	environmental	variables	originally	formed	at	census	block-group	

spatial	level	into	desired	“buffer”	level;	thirdly,	one	preliminary	descriptive	analysis	

about	the	variables	in	current	thesis	is	summarized	in	Section	3.2	and	3.3;	finally,	

Section	3.4	and	Section	3.5	provide	a	brief	description	about	fixed/random	

parameter	logit	model	structure,	and	these	two	models	helped	to	express	consumer	

choice	in	later	chapters.	
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3.1	Data	Sources	and	Data	Assembling	

3.1.1	Data	Source	and	research	sample	

The	primary	data	source	used	in	the	current	thesis	is	from	following	three	parts,	and	

the	detailed	information	about	their	application	is	listed	in	Table	10:	

• One	telephone	interview	conducted	by	researchers	in	University	of	

Wisconsin,	Madison,	

• Land-use	information	at	parcel	level	by	land	use	purpose,	conducted	from	

Madison	City	Metropolitan	Planning	Organization,	

• Population	and	housing	information	of	local	residents,	from	2000	National	

Census	files.	

Information	considering	detailed	telephone	survey	methodology,	analysis	focus,	

question	design,	and	results	could	be	found	within	one	final	report	named	

“Consumer	Adoption	and	Grid	Impact	Models	for	Plug-in	Hybrid	Electric	Vehicles	in	

Dane	County,	Wisconsin”18.	According	to	this	final	report,	a	typical	survey	procedure	

could	be	summarized	as	the	following	(Guo,	2009):	the	telephone	requester	started	

with	an	introduction	about	the	purpose	of	this	interview,	and	asked	whether	the	

receiver	agree	to	participate	in	the	Phase	1	of	the	current	study.	If	the	respondent	

agreed	to	accept	this	interview,	survey	requester	continued	the	survey	with	20	

scheduled	problems	regarding	respondents’	past	vehicle	purchase	history,	and	

condition	of	current	vehicle	fleet	in	household.	Then	the	requester	raised	the	

                                                           
18 This paper was submitted to Public Service Commission of Wisconsin & Madison	 City	 Metropolitan	 Planning	
Organization in October 2010, by Jessica Y. Guo and other researchers from University of Wisconsin, Madison. 
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question	that	whether	the	respondent	would	be	interested	in	purchasing	a	vehicle	in	

the	next	five	years.	A	respondent	would	be	rejected	from	the	final	data	sample	if	he	

or	she	answered	“No”	to	this	question.	Yet	another	nine	social-demographic	

questions	considering	the	respondents’	vehicle	parking	behavior,	gender,	age,	

household	income,	education	level,	household	size,	and	number	of	other	licensed	

drivers	in	respondents’	household	were	asked	before	hang	up	the	ring.	While	for	

those	answered	“Yes”	to	the	last	question,	an	additional	seven	questions	regarding	

respondents’	future	vehicle	purchase	expectations	were	arraigned:	vehicles’	

expected	purchase	price	range,	expected	vehicle	type,	vehicle	purchase	purpose,	and	

whether	the	respondent	would	consider	a	hybrid	vehicle	or	vehicle	uses	alternative	

fuel	or	plug-in	rechargeable	battery	as	the	respondents’	next	vehicle	choice.		
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Table 10: Data source and major variables considered in the current thesis 

Data source Variables considered 

Metropolitan 
Planning 
Organization 

Land-use acreage by land use purposes: 

• Residential parcels: including single and seasonal home parcels, 
duplex home parcels, and multi-dwelling and group home parcels; 

• Shopping and dining parcels: including shopping and dining parcels, 
dining and drinking parcels, warehouse (necessities) shopping 
parcels, discretionary shopping parcels, and other shopping 
parcels; 

• Commercial parcels: including personal-social business –
maintenance parcels, and industrial parcels; 

• Other parcels: general amusement parcels, transportation parcels, 
agriculture parcels, outdoor and recreation parcels, unconstructed 
parcels, utility parcels and cemetery parcels. 

Telephone 
interview 
conducted by 
UW, Madison 

• Individual characteristics variables: including respondents’ parking 
behavior, gender, age, household income, education level, 
household size, number of other licensed drivers in respondent’s 
household; 

• Individual vehicle purchase expectancy: expected purchase price 
range, expected vehicle type, purchase purpose. 

Census 2000 
population 
and housing 
data 
summary file 
3 (SF3) 

• Housing and population data within census block-group level: 
including number of occupied/owned/rent houses in block-group, 
population living in occupied/owned/rent houses in block-group, 
number of vehicles available in occupied/owned/rent houses, 
population age, education level, race, household income, household 
size, employment status, value of housing units, family composition 
structure. 

 

Initially, all together 1,500 households were randomly selected from 12 zip codes 

zones covering urbanized area of Dane county, and 467 among them accepted the 

request and finished the interview (Guo, 2009).Survey results containing answers 

from these 467 respondents were provided to the author of current thesis, and 178 

respondents were further rejected from the final data sample because they showed 

no intention to purchase a vehicle in the next five years. For the rest 289 people, 

another 80 persons were removed since they did not provide full or completed 
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answers	to	all	the	questions	raised	by	telephone	requesters.	Only	209	respondents	

remained	in	the	final	sample	space,	which	is	13.9%	of	the	original	population.		

3.1.2	Data	assembling:	what	is	a	“buffer”?	

In	order	to	better	sketch	the	decision	makers’	individuals’	characteristics,	

“environmental”	variables	were	derived	from	2000	National	Census	and	

Metropolitan	Planning	Organization	in	addition	to	the	telephone	survey	data.	As	

revealed	in	Table	10,	2000	National	Census	mainly	provided	about	social-

demographic	information,	and	Metropolitan	Planning	Organization	provided	data	on	

land-use	data	at	parcel	level	according	to	various	land	use	purposes.	However,	with	

the	purpose	to	better	present	the	attributes	of	these	“environmental”	variables,	

spatial	level	used	in	the	current	thesis	was	determined	to	be	“buffer”	(See	Figure	1),	

rather	than	the	original	census	block-group	level	used	by	2000	National	Census	and	

Metropolitan	Planning	Organization.	

Efforts	have	been	devoted	in	the	procedure	of	transforming	data	at	census	block-

group	spatial	level	into	“buffer”	formats19.	This	data	assembling	processing	involved	

using	GIS	(Geographic	Information	System)	software	to	perform	the	following	steps:	

Variable	transformation	1:	Transforming	census	block-group	demographic	data	into	

buffer	level	data	(See	Figure	2	and	Figure	3)	

Firstly,	a	1	mile	buffer	was	developed	around	each	respondent	in	final	data	set	

according	to	circumstantial	roadway	network.	Secondly,	the	overlapping	census	

                                                           
19 For clarity, this data assembling procedure work was introduced and done by Ash Bharatkumar, a research 
assistant from TUSA (Transportation and Urban System Analysis) lab at University of Wisconsin, Madison. The 
author of current thesis learned this methodology from a TUSA research seminar held on June 24th, 2010.  
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block-group	layer	“cuts”	this	buffer	into	various	pieces.	Thirdly,	calculate	each	piece	

area	ratio	by	dividing	the	specific	piece	area	over	the	census	block-group	area	the	

piece	locates.	The	following	piece	value	calculation	requires	assumption	to	be	made	

about	the	distribution	of	census	block-group	variable	attributes.	For	the	current	

thesis,	the	“environmental”	variable	values	are	assumed	to	follow	the	uniform	

distribution	within	each	census	block-group,	so	that	variable	value	for	each	formed	

“piece”	could	be	disaggregated	uniformly	over	the	piece	area.	Finally,	buffer	values	

were	aggregated	by	individual	piece	values	within	buffer.	

Variable	transformation	2:	Transforming	parcel-level	land-use	data	into	buffer	level	

data	(See	Figure	4)	

Variables	transformation	of	land	use	data	was	mainly	done	by	GIS	software.	First,	

land	use	parcels	with	one	specific	land	use	code	was	selected	from	the	Dane	county	

land	use	GIS	layer,	second,	intersect	the	selected	land	use	parcels	with	already	

created	GIS	buffers,	third,	for	a	particular	buffer,	aggregate	total	area	of	specific	land-

use	code	within	this	buffer.	
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Figure 1: One buffer around a respondent 

 

 

 

 

 

Figure 2: Census block-group “cuts” a specific buffer into “pieces” 
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Figure 3: Data Assembling Procedure for demographic variables 
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Figure 4: Data Assembling: Procedure for land-use variables 
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3.2 Variable Specification 

After	data	is	obtained	for	the	desired	format,	they	are	used	to	compute	the	following	

categories	of	variables.	

3.2.1	Individual	characteristics	variables	

Based	on	the	results	obtained	from	telephone	interview,	variables	regarding	

individuals’	personal	characteristics	and	future	vehicle	purchase	expectations	were	

generated.	According	to	these	existing	variables,	other	combined	variables	were	

generated	in	order	to	better	reflect	respondents’	condition	In	addition	to	variables	

listed	in	Table	10,	variables	considering	respondents’	previous	AFV	experience	

(whether	the	respondent	has	previously	purchase	a	hybrid	vehicle)	were	also	

attained.	However,	the	previous	AFV	experience	variables	were	rejected	from	

further	research	because	they	do	not	exhibit	statistically	significant	in	the	

preliminary	model.	But	this	does	not	indicate	that	these	previous	AFV	experience	

variables	do	not	necessarily	influence	consumers	AFV	adoption.	It	is	likely	that,	AFV	

might	be	too	“forward”	for	consumers	at	Dane	county,	few	people	have	the	chance	to	

experience	it.	These	variables	might	assume	greater	importance	in	further	research,	

but	not	in	the	current	thesis.	

3.2.2	Neighborhood	Socio-demographic	variables	

Several	variables	are	computed	to	measure	the	residential	environment	of	the	

respondent	is	locating.	As	mentioned	earlier,	all	these	“environmental”	variables	

have	been	transformed	into	“buffer”	level	format.	Variables	include,	but	not	limited	

to,	racial	composition	variables	(percent	of	population	by	race),	household	type	
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composition	variables	(percent	of	household	by	house	type),	tenure	composition	

variables	(percentage	of	households	owning	and	renting),	household’	income	level	

variables	(percent	of	household	income	exceeding	different	criteria,	and	buffer	per	

capita	income),	residents’	education	level	variables	(percent	of	residents	living	

within	buffer	with	college	graduation),	and	buffer	housing	value	intensity	(average	

home	value	per	area	of	land	with	single	home).		

3.2.3	Neighborhood	land-use	variables	

A	variety	of	neighborhood	design	variables	were	considered	for	the	current	thesis.	

Theses	neighborhood	design	variables	include	population	density	measure	

(population	density	in	total	buffer,	population	density	for	non-water	buffer	area),	

housing	density	measure	(total	housing	density,	and	housing	density	separated	

according	to	house	type),	land-use	composition	measures	(percent	of	coverage	

according	to	land	use	type),	and	gender	rate	measures	(percent	of	buffer	population	

that	is	male).	Another	land-use	diversity	variable	is	defined	by:	

���� − ���	
�� = 1 −
����� −

1
4� + ����� −

1
4� + ����� −

1
4� + ����� −

1
4�

3
2

 

Where ��		is	one	respondent’s	total	buffer	area	in	the	current	thesis,	��, ��, ��, ��	
respectively	mean	the	acreage	of	residential,	commercial,	shopping	or	dining,	and	

other	land	use	type.	This	land-use	mix	index	takes	a	value	between	0	and	1,	and	the	

value	of	this	index	was	defined	as	a	measurement	of	the	disorder,	or	diversity	of	land	

use	in	a	given	area,	which	is	the	buffer	area	in	the	current	thesis.	A	value	of	0	
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indicates	homogeneous	land	use,	and	a	value	of	1	means	the	most	mixed,	diverse	use	

of	land.	However,	little	information	in	the	literature	or	earlier	research	has	focused	

attention	on	the	effects	of	mixed	land-use	on	residents’	expected	vehicle	type	choice.	

Hence,	unlike	most	of	the	variables	discussed	in	Section	3.2.1	and	3.2.2,	the	expected	

sign	of	these	neighborhood	design	variables	is	not	intuitively	know.	 	

3.3	Sample	Characteristics	

3.3.1	Individuals’	characteristics	variables	analysis	

The	sample	used	in	the	current	thesis	included	respondents	from	the	telephone	

survey	held	by	researchers	from	UW,	Madison.	After	selecting	respondents	willing	to	

purchase	an	additional	vehicle	in	the	next	five	years	and	provided	completed	

information	to	all	questions	in	the	interview,	detailed	descriptive	analysis	about	

individuals’	characteristics	variables	are	summarized	in	Table	17,	Table	18,	and	

Table	19.	Figure	11	to	Figure	14	describe	variables	with	higher	significances	in	prior	

literature.	

Vehicle	types	were	categorized	into	six	different	sets	both	in	telephone	survey	and	

current	thesis:	(1)	Compact	vehicles,	(2)	Middle/full	size	vehicles,	(3)	Station	

wagons,	(4)	SUVs,	(5)	Pickup	trucks,	and	(6)	other	types.	All	together	209	

respondents	owning	409	vehicles	were	reported,	with	average	vehicle	household	

ownership	to	be	2.15.	Table	11	provides	detailed	house	holding	information	for	

vehicles	in	first	five	categories.	And	it	is	obvious	that	residents	in	Dane	County	have	

highest	favor	for	Middle/full	size	vehicles,	followed	by	compact	vehicles	and	SUVs,	

while	Station	wagons	rank	the	last.	What	is	more,	when	asked	next	vehicle	purchase	
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type, 34% respondents have chosen Middle/full size vehicle, a little leading over 

compact vehicles (32%), 16% respondents want to buy SUV, 11% respondents want 

to buy pickup trucks, and the remaining 7% want to purchase station wagon. 

Figure 6, Figure 7, and Figure 8 provides further information about next vehicle 

purchase expectations. For purchase price (both high-end and low-end), it is 

comprehensible that most respondents want vehicle purchase price to be low. 47% 

respondents stated they wanted purchase price low end to be below $18,000, 35% 

respondents reported their acceptable low-end to be $18,001 and $25,000, another 

14% respondents expected purchase price low-end to be $25,001 to $33,000, and 

only 4% people could accept low-end above $33,000. Conditions also apply for high-

end, 35% respondents’ acceptable price high-end is below $18,000, 37% 

respondents belong to $18,001 to $25,000’s range, 22% stated to be between 

$25,001 and $33,000.Most (51%) respondents do not care next purchased vehicle to 

be specifically new or used, while 24% of respondents mentioned they only 

consider new vehicles, and 25% mentioned they only consider old vehicles. 

Figure 9 reports respondents’ education background. More than half respondents 

mentioned that their highest education level exceeding college graduation: 31% for 

college graduation, 10% for graduate work beyond college degree, 16% for master 

degree, and 8% for doctorate degree. For the rest 35%, 22% of respondents’ highest 

education degree is some college, trade, or vocational school, while 13% have high 

school diploma or GED. 
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Figure 10 presents respondents’ age distribution. Nearly half (41%) of respondents 

stated their age over 55, 27% between 46 to 55, 22% between 36 to 45, 9% 

between 26 to 35, with another 1% to be 18 to 25. 

Figure 11 presents information about respondents’ household size. 41% of 

respondents’ household size is 2 persons, 21% to be 3 persons, 22% to be 4 persons, 

and another 10% respondents living alone. Only 6% respondents mentioned their 

household size to be more than 4 persons: 4% for 5 persons, 1.6% for 6 persons, 

and 0.4% for 7 persons. 

Figure 12 presents respondents’ household income. Of all 209 respondents in the 

sample, 18% reported their household income to be between $30,001 and $50,000, 

20% reported their household income to be between $50,001 and 75,000, and 21% 

mentioned income to be between $75,001 and $100,000. For the rest respondents, 

16% said their household income were between $100,001 and $125,000, 7% 

reported income range between $125,001 and $150,000, unexpectedly, 12% of 

respondents stated yearly income exceeding $150,000. 

The last two variables describe respondents’ parking behaviors and electricity 

outlet availability. Most (67%) respondents said that they would park vehicles at 

garages attached to their houses, while 10% said they usually park vehicles at 

garages detached, and 15% respondents usually park vehicles on driveway. When 

asked whether they have one electricity outlet at their parking place, 88% said yes, 

while 12% respondents answered no. 
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Table 11: Household vehicle holding conditions according to vehicle type 

 Vehicle type 
Respondent household holding level Total 

0 1 2 3+ Counts Percent 

Compact 

Vehicles 

142 

(67.9%) 

56 

(26.8%) 

11 

(5.3%) 
0 209 100% 

Middle/full size 

vehicles 

92 

(44.0%) 

86 

(41.1%) 

28 

(13.4%) 

3 

(1.4%) 
209 100% 

Station wagons 
196 

(93.8%) 

12 

(5.7%) 

1 

(0.5%) 
0 209 100% 

SUVs 
151 

(72.2%) 

46 

(22.0%) 

11 

(5.3%) 

1 

(0.5%) 
209 100% 

Pickup trucks 
156 

(74.6%) 

46 

(22.0%) 

6 

(2.9%) 

1 

(0.5%) 
209 100% 

 

                            

Figure 5: Next vehicle purchase type chart                                                      Figure 6: Expected purchase price-low end 
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Figure 7: Expected purchase price-high end                      Figure 8: What vehicle does the respondent consider to buy 

                        

Figure 9: Respondents' highest education level                                                Figure 10: Respondents’ age distribution  

                        

Figure 11: Respondents’ household size                                                    Figure 12: Respondents’ household income level 
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   Figure 13: Is there an electricity outlet in                                                             Figure 14: Where does the respondent  

          respondents’ usually parking space?                                                                             usually park vehicles? 

3.3.2	Environmental	variables	analysis	

As	mentioned	in	Section	3.2,	there	are	mainly	two	variable	groups	included	in	this	

variable	set:	neighborhood	socio-demographic	variables	and	neighborhood	design	

variables.	Detailed	descriptive	analysis	about	all	environmental	variables	could	be	

found	in	Table	19	in	Appendix.	And	this	chapter	mainly	introduces	demographic	

variables	with	high	significances,	and	land-use	variables.	

First	of	all,	average	buffer	populations	is	3826.92,	and	mean	value	for	buffer	area	is	

836.2	acres,	thus,	on	average	there	are	4.620	persons	living	in	one	acre,	which	means	

the	study	region	in	the	current	thesis	is	not	densely	populated.	43%	of	population	

above	25	or	older	has	education	level	exceeding	college	graduation	(See	Figure	15),	

                                                           
20  For clarity, this average population value is not the same with the variable “Buffer population density” in 

Appendix. The average value of variable “Buffer population” is calculated as 
∑����� 	!"!�#$%&"'	(�'�&%)

*�+,� 	"�	,���� � =
∑-.//01	232.456738

-.//01	5105
*�+,� 	"�	,���� � , while at this section, average population value equals to 

9:� $;�	,���� 	!"!�#$%&"'
9:� $;�	,���� 	$ �$ =

∑-.//01	232.456738
<.=>01	3/	>.//01?

∑-.//01	5105
<.=>01	3/	>.//01?
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and	buffer	household	vehicle	ownership	is	1.7.	On	average,	there	are	907.77	

occupied	houses	in	a	buffer,	while	about	7%	of	these	families	have	household	size	

larger	than	4	people	(See	Figure	16).	For	buffer	financial	variables,	individual	

average	yearly	income	is	$26,423,	there	are	both	23%	of	households	earning	less	

than	$30,000	and	between	$30K	and	$50K	on	average	in	buffer,	25%	household	

income	between	$50K	to	$75K,	14%	household	between	$75K	to	$100K,	7%	

household	between	$100K	to	$125K,	3%	between	$125K	to	$150K,	and	5%	above	

$150K	(See	Figure	17).	While	buffer	average	home	value	(single	home)	is	$15/sq	

foot.	What	is	more,	buffer	average	age	is	35.78	years	old.	

Furthermore,	for	neighborhood	land-use	variables	(See	Figure	18),	residential	land	

takes	a	dominant	portion	(52%	average	buffer	area),	followed	by	other	land	(34%),	

commercial	land	(10%),	and	shopping	and	dining	land	ranks	the	last	(4%).	For	

residential	land	(See	Figure	19),	single	and	seasonal	home	parcels	take	the	majority	

part	(81.83%),	followed	by	multi-dwelling	and	group	home	parcels	(11.68%);	while	

for	other	land	(See	Figure	20),	the	major	land	parcels	are	taken	by	agriculture	

parcels21	(56%),	followed	by	transportation	parcels	(26%);	for	commercial	land	

(See	Figure	21),	personal-social	business-maintenance	parcels	take	advantage	

(74.39%),	industrial	parcels	take	the	rest	quarter;	at	last,	in	shopping	and	dining	

land	(See	Figure	22),	shopping	and	dining	parcels	rank	the	first	(50%),	other	

shopping	parcels	rank	the	second	(18.32%),	and	dining	and	drinking	parcels	rank	

                                                           
21 Agriculture parcels include nine land use categories: Cropland/Pasture, Animal husbandry (including buildings), 
farm buildings and accessories, commercial forests, fishing and related, other agriculture related, other open and 
vacant lands, vacant/unused lands, and woodlands.  
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the	third	(14%).		

                            
               Figure 15: Buffer population education level                                                                Figure 16: Buffer household size 

                            

Figure 17: Buffer household income condition                                                                           Figure 18: Buffer land-use Overview 

                            

Figure 19: Land-use composition of Residential land                                                   Figure 20: Land-use composition of other land 
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Figure 21: Land-use composition of commercial land                            Figure 22: Land-use composition of shopping and dining land 

3.3.3	Comparison	between	individual	variables	and	Dane	County	data	

Comparisons	of	six	demographic	variables	between	individuals’	characteristics	

variables	generated	from	telephone	survey	and	2000	Dane	County	census	data	were	

presented	in	Table	12.	As	can	be	seen,	significant	differences	can	be	observed	in	

variables	named	Age,	and	Gender.	Variations	between	education	level,	household	

income,	and	household	vehicle	ownership	are	relatively	minor,	but	cannot	be	

ignored.		

These	differences	suggest	that	data	generated	from	interview	may	not	be	

representative	for	residents	in	Dane	County.	The	reason	may	be	comprehensible	for	

three	reasons,	first,	the	census	year	was	2000,	and	the	telephone	interview	was	

operated	in	2009,	minor	differences,	especially	the	improvements	are	

understandable.	On	the	other	hand,	this	survey	was	carried	out	by	telephone	

interview,	which	excludes	potential	respondents	without	telephone	accessibility.	

Moreover,	call	receivers	may	exaggerate	their	education	background	or	household	

income.	Thus,	special	attention	should	be	paid	when	introducing	these	five	variables	
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into	model.	

Table 12: Comparison between sample respondents and Census data 

Variables 

Respondents 

(467 
observations) 

Dane County 
Census data22 

Education level 

High school graduates 18.1% 22.30% 

Some college, and Associate's 
degree 

23.1% 29.20% 

College graduation 27.9% 24.80% 

Graduate work 30.9%23 15.80% 

Age24 

Under 25 1.2% 37.1% 

25-34 10% 16% 

35-44 18.9% 16.40% 

45-54 24.1% 14.10% 

Over 55 45.8% 16.50% 

Household income 

$30K or less 9.9% 14.8%25 

$30K to $50K 20% 19.40% 

$50K to $75K 19.3% 28.60% 

$75K to $100K 13.90% 17.90% 

$100K to $150K 7.05% 12.90% 

Above $150K 9.9% 6.30% 

Mean $63,875  $62,964  

Gender 

Male 56.63% 49.50% 

Female 43.37% 50.50% 

Household size 2.44 2.37 

Household vehicle 
ownership 

1.92 1.7 

  

                                                           
22 Census data was found at U.S. Census Bureau website: http://www.census.gov/, at census year 2000. 
23 Since census data does not include categories of graduate work beyond college, master degree and doctorate 
degree, all these three variables (education level above college graduate) were generated into “Graduate work” in 

Table	12. 
24 In survey, data ranges were generated from 26-35, 36-45, 46-55, and over 55, which are a little different from 
census data form. 
25 Census data does not have income level ending at $30K, thus, one assumption is made, for 8.1 % households with 
income  $25,000 and $34,999, half (4.05%) households have income below $30,000, the other half (4.05%) have 
income between $30,000 and $34,999. 
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3.4	Fixed	Parameter	Logit	Model	Structure	

The fundamental stage of developing a consumer purchase model begins with fixed 

parameter logit model, which was first introduced by McFadden in 1974, and 

became the most widely used discrete choice model structure derived from RUM 

principle. Mathematically, the utility function describing the attributes of alternative 

� observed by decision maker �	is expressed as following:  

A&' = B&' + C&' 

Where A&'     utility value of alternative �	observed by decision maker �, 

        	B&'     the deterministic portion of the utility function, 

       C&'      the error portion of the utility function. 

The deterministic portion means the observable component of the utility estimated 

by the decision maker, this is also a mathematical function describing both the 

attributes of alternatives in choice set, characteristics of decision maker and the 

intersection of attributes between decision maker and the selected alternative. 

In the current thesis, the deterministic portion, B&', is expressed in linear 

parameters:  

	B&' = DE ∗ G&E + DH ∗ G&H +⋯+ DJ ∗ G&K 

Where DJ is the coefficient that describes the attribute L on the utility function of 

alternative�, while G&K is the value of L%Mattribute of this variable. For example, as 
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described in Section 3.1.1, these attributes may include variables such as consumer 

expected purchase price, individual age, or household size. 

The error component of utility function represents the difference between utility 

perceived by the decision maker and the utility estimated by researchers. One error 

component is in need to fulfill the purchase model structure, explaining the 

unexpected variations in decision makers’ purchase behavior.  

Basic assumptions of error component were needed to be set up before achieving a 

fixed parameter logit model: error portion is Gumbel distributed26, identically and 

independently distributed across alternatives and decision makers. 

For an individual in research, he or she is believed to choose the alternative that 

could best maximize his or her utility, and the choice probability of each alternative 

is selected from the choice set determined as: 

PrPiR = exp	PVWR
∑ exp	PVXRXYE

= exp	PDJ ∗ G&KR
∑ exp	PDJ ∗ GZKRXYE

 

However, the MNL model has one undeniable drawback: Independence of Irrelevant 

alternatives (IIA) property. Which means that for any individual, the relative odds of 

choose alternative �	over alternative L	are the same, no matter what other 

alternatives are available or not, nor what the attributes of other alternatives are. 

                                                           
26 Gumbel distribution follows cumulative distribution and probability density functions: 
 [P∈R = exp]− exp^−_P∈ −`Rab , cP∈R = _ ∗ ]exp^−_P∈ −`Rab ∗ exp	]−exp	̂−_P∈ −`Rab , where µ is the scale 
parameter that determines the variance of distribution, and η is the location parameter. 
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The IIA property is caused by ignorance of unobserved similarities or correlations 

between alternatives with similar attributes. In order to improve this limitation, 

McFadden later developed nested logit model, by grouping the similarities between 

alternatives into communities27. 

3.5	Random	Parameter	Logit	Model	Structure	

Random parameter logit model corrects the IIA property by setting correlations in 

utility over alternatives. In the early applications of mixed logit models28, 

researchers focused more on the whole market, rather than for each decision maker 

in the data sample. By releasing the coefficient D	into variations, rather a certain 

constant, the utility function for decision maker �	choosing alternative �	is 

expressed as: 

A&' = de ∗ G&' + _e' ∗ f&' + C&' 

Where 	de means vector of fixed coefficient, which represent decision makers’ 

perceptions, G&' is the value of one specific attribute for alternative �	observed by 

decision maker �, _e' is the vector of random terms, f&', C&' are error components, 

together defining the error terms of the utility function. 

Compared with MNL model, the unobserved portion should be as 

                                                           
27 Nest logit model is not relevant in the current thesis, readers who are interested in nest logit model could find 
further information in book “A Self-instructing Course in Mode Choice Modeling: Multinomial and Nested Logit 
Models”, by Kopplman and Bhat, 2006. 
28 These early applications include work from Boyd & Mellman (1980), Cardell & Dunbar (1980). And in these 
models, the explanatory variables in the utility function focused more on market shares, rather than individuals’ 
decisions.  
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	`&' = _e' ∗ f&' + C&' 

And the correlations over alternatives depends on the specification of f&'. For MNL 

model, the term f&' is identically set to be zero, thus, no correlation between 

alternatives is expressed, which gives rise to IIA property. 

Another difference between random parameter logit model and fixed parameter 

logit model is the probability function. For random parameter logit model 

probability function is the integrals of �&' over a density function cPDR	expressing 

the distribution of coefficient	D: 

g&' = h�'&PDR cPDR�D 

Where the distribution,cPDR, follows a certain distribution function. 

Now testing the ratio of logit probabilities: suppose that two alternatives 	�	���	�e 
are brought into test, probability ratio becomes: 

g&'
g&i'

=
jP exp	PD ∗ G&'R
∑ exp	PD ∗ GZ'Rk
ZYE

RcPDR�D

jP exp	PD ∗ G&i'R
∑ exp	PD ∗ GZ'Rk
ZYE

R cPDR�D
 

Unlike MNL model, the denominator∑ exp	PD ∗ GZ'Rk
ZYE , is related to coefficientD, 

thus, the logit formula denominator cannot be cancelled or moved out of the 

integration, and the ratio of logit probabilities is varying according to D, instead of 

being a constant. 
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The mixed logit model could be used to express the variations in tastes related to 

observed attributes of decision maker. And the variety of specifications is captured 

through the explanatory variables and/or the mixing distribution. 

3.6	Summary	

This chapter introduces all preparation work before adding data to generate final 

model. First three sections mainly discuss data work preparation: data source, data 

assembling procedure, data specifications and variables’ sample characteristics. The 

next two sections explain two model structures that would be used in later chapters. 

The data assembling procedures for both neighborhood socio-demographic data 

and land-use variables are necessary, because they reflect the principle held in the 

transformation methodologies: respondents behaviors are not only influenced by 

personal characteristics variables, but also attributes of environment that 

surrounding the specific respondent. Furthermore, descriptive analysis is carried 

out for both respondent variables and environmental variables, as Section 3.3.3 

reveals, special care is need if using first five variables in Table 12, thanks to their 

significant differences between 2000 Dane County census data. Another issue is the 

model structure of random parameter model, which turns the constant variable 

coefficient into distribution; this model structure corrects the IIA property of fixed 

parameter logit model, at the cost of adding complexity to model functions. Detailed 

model results would be presented and explained in the next chapter. 
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Chapter	4	Model	Estimation	Results	

The current thesis used multinomial logit (MNL) models to present respondents’ 

vehicle purchase behavior. All models presented in the following section were built 

by Nlogit, an econometric software package to estimate structural equation models. 

As described earlier, several different types of variables were considered as 

determinants of respondents’ AFV/gasoline vehicle purchase choice behavior. These 

variables included respondents’ personal characteristics, residential social-

demographic attributes, and land-use properties. The model specification process 

continues with the principle that eliminating insignificant variables and combing the 

effects of variables with similar t-ratios, when their impacts were not considerably 

different. 

Table 13 in Section 4.1 shows the fixed parameter modeling results, including the 

attribute parameters (D) and their respective statistical significance (t-value). As 

previously mentioned, the presence of correlations among error portion diminishes 

the models’ validity and stability. With the purposes to correct this IIA limitation, 

random parameter model (Table 13) was built by releasing some coefficients into 

variations, instead of constants. 

The aim of this chapter is to reveal, based on the fixed parameter models and 

random parameter models, the factors (or variables) that are regarded to be the 

most important to consumers in Dane county when encountering a vehicle purchase 

transaction between AFV and conventional gasoline vehicle. This chapter begins 
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with Section 4.1, which presents a base fixed parameter model and two improved 

fixed parameter models. Section 4.2 presents random parameter models while 

allowing several parameters into normal distribution. Finally, Section 4.3 provides a 

summary of this current chapter.  

4.1	Fixed	Parameter	Model	Results	

The Base Model turned out to fit the data well (Chi-squared=34.87, with number of 

observations=209). The coefficient estimate for the relevant attributes, and 

asymptotic t-ratios for all three models were reported in Table 13. Significant 

variables left in Base Model are those with an asymptotic t-ratio greater than ±1.90. 

As can been seen in Table 13, all five variables remaining in the Base Model are 

consumer characteristics related variables. To begin with, the positive sign of 

household vehicle fleet average age indicates that the likelihood of respondents 

purchasing AFV would increase with growth of average age of vehicles in 

respondents household. This result deserves further exploration in the future to 

better understand the nature of this effect, since little or no previous literature has 

focused on relationship between average age of current vehicle fleet and 

respondents’ AFV/gasoline vehicle purchase choice. One plausible explanation for 

this effect is that households with higher household vehicle average age depend 

heavily on private vehicles for their motivation demands. Thus, respondents with 

longer private vehicles driving experience are more likely to own and use AFVs than 

conventional gasoline vehicle, probably thanks to a “taste change”. 
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Secondly, as expected, while everything else being equal, the probability of 

respondents purchasing AFVs would decrease if the respondents are planning his or 

her next vehicle transaction within 1 year. A shorter purchase timeframe indicates 

respondents might have urgent purchase demands, and these respondents are more 

possibly have realistic plans about what type of vehicles to purchase. However, the 

telephone survey was carried out in 2009; residents at Dane county may have less 

confidence about AFV technology at that time, which results in little willingness to 

experience AFVs. As mentioned earlier, with the development of AFV technology 

popularizing, people in Dane county may form positive, at least overall attitude 

towards AFVs, and be more willing to take AFVs into consideration when facing 

another vehicle purchase transaction. 

Thirdly, respondents usually park their vehicles at garages attached to the houses or 

buildings tend to show higher acceptance for AFVs relative to gasoline vehicles. 

Compared with other parking places such as streets or parking lots, garages 

attached to house or building are more likely to have electricity outlets, which 

provides convenience for battery recharging, especially for PHEVs (Plug-in hybrid 

vehicles). 

Furthermore, respondents’ age has an negatively impact when determining 

respondents’ AFV/gasoline vehicle purchase decision, which means older people are 

more reluctant to purchase or use AFVs than younger people. It is comprehensive 

that older people are less likely, or willing to change their vehicle choice habits. In 
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addition, older people usually lack enough knowledge about a pioneer product, and 

hesitate to attempt innovations. 

Finally, the positive sign of education level suggests that the probability one 

consumer would consider AFV as his or her next vehicle transaction would increase 

if the consumer’s education level exceeds college graduate.  This effect fits normal 

expectation, one with higher education background is supposed to have higher 

knowledge about AFV technology, and more concerns about current environmental 

problems. 

The Improved Model I adds one financial characteristic variable into the Base 

Model: respondents next vehicle purchase price expectation over household income. 

Surprisingly, this variable has relatively lower t-ratio (=0.99), which means it adds 

marginal improvement to the Base Model. This variable reflects the financial 

affordability of vehicle purchase price for the household. The positive sign of the 

coefficient implies that, if two respondents are identical in all aspects measured by 

the variables listed in Base Model, the respondent with higher affordability are more 

likely to purchase an AFV than the other. 

Contrary to the current thesis, previous literature in the same filed proves that 

respondents’ AFV/gasoline vehicle choice is primarily concerned with respondents’ 

financial characteristics. One possible explanation for this difference is that this 

variable lost accuracy in data obtaining process. During the telephone survey, the 

researchers asked respondents to choose the correct categories that best describe 
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their expected vehicle purchase price and household income, instead of asking for 

the detailed number. When generating these two variables, the current analysis 

used the median value of category, which provides vague uncertainty in return. 

These financial variables may assume greater importance if obtained by a more 

accurate method. 

One environmental variable regarding ratio of transportation parcels within 

respondents’ buffer was added in the Improved Model II. This variable has relatively 

higher t-ratio than the financial characteristic variable, but much lower t-ratio than 

variables in the Base Model. The positive sign indicates that, all other things being 

equal, respondent living in a buffer with higher transportation land ratio would 

prefer AFV more than conventional gasoline vehicle. An explanation for this effect 

may be that buffer with high value of transportation land ratio are likely to be 

denser developed parts, which restrict respondents to park their vehicles in garages 

attached to houses or buildings. 



   69 

 

 

Table 13: Fixed parameter logit models results 

Variables 
Base Model Improved Model I Improved Model II 

Coefficient t-ratio Coefficient t-ratio Coefficient t-ratio 

Constants 1.564 (1.23) 1.223 (0.92) 0.679 (0.48) 

Average vehicle age in respondents' household 0.105 (2.06) 0.100 (1.94) 0.097 (1.87) 

Would the respondents' purchase the new vehicle within 1 

year (12 months)? [1=Yes, 0=No]  -1.347 (-3.21) -1.364 (-3.23) -1.338 (-3.15) 

Would the respondent usually park his or her vehicle at 

garage attached to the house/building? [1=Yes, 0=No] 0.973 (2.35) 1.023 (2.44) 1.043 (2.48) 

Respondents' age -0.409 (-1.94) -0.432 (-2.00) -0.385 (-1.77) 

Education level 

Is the respondents' highest degree exceeding college 

graduation (including college graduate)? [1=Yes, 0=No] 
1.212 (3.09) 1.319 (3.23) 1.333 (3.24) 

Respondents' expected purchase price/respondents' 

household income 1.497 (0.99) 1.538 (1.00) 

Ratio of transportation parcels within respondents' buffer, 

in percent 
0.056 (1.10) 

Log-likelihood at Zero -144.868 -144.868 -144.868 

Log-likelihood at Constant -103.466 -103.466 -103.466 

Log-likelihood at Convergence -86.538 -86.030 -85.414 

Rho-Squared w.r.t. Zero 0.403 0.406 0.410 

Rho-Squared w.r.t. Constant 0.164 0.169 0.174 

Adjusted Rho-Squared w.r.t. Zero 0.385 0.386 0.387 

Adjusted Rho-Squared w.r.t. Constants 0.139 0.140 0.142 

Likelihood Ratio Test vs. Base Model NA 1.016, >0.1 2.248, >0.1 

Likelihood Ratio Test vs. Improved Model I NA NA 1.232, >0.1 



   70 

 

 

4.2	Random	Parameter	Model	Results	

Table	14	and	Table	15	provide	information	about	estimation	results	generated	from	

random	parameter	logit	model.	By	releasing	variables	into	variations,	variables	that	

are	set	into	random	parameters	not	only	have	t-ratio	measuring	the	importance	of	

their	coefficients,	but	also	have	t-ratio	indicating	importance	of	derived	standard	

deviations	of	parameter	distributions.	In	the	current	thesis,	all	variables	remaining	

in	final	specifications	of	fixed	parameter	logit	model	were	transformed	into	random	

parameters.	However,	one	variable	is	set	back	into	fixed	parameter	if	the	derived	

standard	deviation	of	parameter	distribution	comes	with	typically	low	t-ratio	(1.5	

for	variables	in	Base	Model,	and	0.5	for	new	variables	introduced	in	Improved	

Models).	

Out	of	five	variables	remaining	in	the	Base	Model,	variables	describing	respondents’	

purchase	timeframe	and	parking	behaviors	were	translated	into	random	

parameters.	As	can	be	seen,	the	decision	that	purchasing	another	vehicle	within	12	

months	has	positive	impact	on	41.68%	respondents,	while	negative	impact	on	

58.32%	respondents.	On	the	other	hand,	for	87.29%	respondents,	parking	vehicles	

at	garage	attached	to	the	house/building	has	positive	relationship	with	higher	AFV	

preference,	but	the	rest	12.71%	held	an	opposite	opinion	about	this.	

The	financial	affordability	variable	introduced	in	Improved	Model	I	has	a	dominant	

and	universal	effect	in	determining	respondents’	AFV/gasoline	vehicle	adoption.	All	

respondents	tend	to	agree	that	they	are	more	likely	to	purchase	an	AFV	as	their	next	

vehicle	purchase	transaction	if	they	have	higher	capital	affordability.	In	addition,	
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this	coherence	decreases	the	necessary	to	leave	this	variable	in	the	random	

parameter.	

Finally,	the	last	introduced	transportation	ratio	variable	indicates	that,	for	the	

majority	(76.42%)	of	consumers,	residing	in	a	buffer	with	high	ratio	of	

transportation	parcels	would	increase	their	likelihood	of	purchasing	AFVs;	

adversely,	the	rest	33.38%	exhibit	a	completely	different	purchase	behavior.	

4.3	Model	comparison		

4.3.1 Model comparison within the same model category 

Likelihood ratio tests between fixed parameter logit models are described in Table 

13.  The hypotheses between models are the coefficients of new parameter 

introduced in the next model are set to be zero in previous models. In detail, these 

hypotheses can be described as the following: 

Between Base Model and Improved Model I, H0,a: DlWmnoWnp	nllqrsntWpWuv = 0, and 

number of restrictions =1; 

Between Improved Model I and Improved Model II, H0,b: DurnmxyqrunWqm	 $%&" = 0, and 

number of restrictions =1; 

Between Base Model and Improved Model II H0,c: 

DlWmnoWnp	nllqrsntWpWuv = DurnmxyqrunuWqm	 $%&" = 0, and number of restrictions =2. 

As can be seen in Table 13, neither hypotheses cannot be rejected at 90% of 

confidence. When lowing the confidence level, hypothesis H0,a can be rejected at 

35% of level of confidence, hypothesis H0,b can be rejected at 30% level of 



   72 

 

 

confidence, and H0,c  can be rejected at 35% of level of confidence. This proves that 

among all three models, Base Model is the preferred model. 

As the same likelihood ratio comparison procedure goes for random parameter logit 

model, Base Model should still be preferred. In short, likelihood comparison results 

for random parameter logit models can be summarized as the following: 

Between Base Model and Improved Model I, H1,a:  

DlWmnoWnp	nllqrsntWpWuv = zlWmnoWnp	nllqrsntWpWuv = 0, number of restrictions =2, and this 

hypothesis can be rejected at 5% level of confidence; 

Between Base Model and Improved Model II, 

H1,b:DlWmnoWnp	nllqrsntWpWuv = D% $'�!" %$&"'	 $%&" = z% $'�!" %$%&"'	 $%&"Y	0, number of 

observations=3, and this hypothesis can be rejected at level of confidence of 2%. 

Thus, in summary, adding financial parameter and environmental parameter just 

improve marginally of Base Model, for both fixed parameter logit model and random 

parameter logit model. 

4.3.2 Model comparison between fixed parameter logit model and random parameter 

logit model 

The major difference between fixed parameter logit model and random parameter 

logit model is whether the model restricts derived standard deviations of parameter 

distribution are constant. Thus, the hypothesis of fixed parameter logit model is that 

all the parameters are restricted to zero, the formal statement of this null hypothesis 

of Base Model in the current chapter are: 
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For Base Model, H2,a: σy|ro}nx~	uW�~	lrn�~ = σynr�Wm�	t~}n�Wqr = 0, and the number of 

restrictions is 2; 

For Improved Model I, 

H2,b:σy|ro}nx~	uW�~	lrn�~ = σynr�Wm�	t~}n�Wqr = σlWmnoWnp	nllqrsntWpWuv = 0, and the number 

of restrictions is 3; 

For Improved Model II, 

H2,c:σy|ro}nx~	uW�~	lrn�~ = σynr�Wm�	t~}n�Wqr = σurnmxyqrunuWqm	rnuWq	 = 0, and the number 

of restriction is 3. 

Table 16 introduces likelihood ratio test for all three hypothesis. As can be seen, for 

Base Model, hypothesis H2,a could be rejected within 95% of level of confidence, for 

Improved Model I, hypothesis H2,b could be rejected with 10%, while the rejection 

significance for Improved Model II is 0.2.  

In conclusion, all hypotheses tested in Section 4.3.2 could be rejected at high level of 

significance, which means that by releasing coefficient into variations does improve 

models’ “goodness of fit”. However, according to hypotheses tested in Section 4.3.1, 

adding new variables into Base Model has marginally effect. Thus, the preferred 

Model among all six models presented in current chapter is Base Model of random 

parameter logit model (Base Model in Table 14). 

4.4	Summary	

This chapter has described the model results that determining consumers’ 

AFV/conventional gasoline vehicle adoption. Decision makers in current study are 
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assumed to choose the alternative that could best maximize their utilities. After 

narrowing down from the original variable data, all together seven variables were 

used to conduct the final specifications. To summarize, the MNL model indicates 

that respondents’ preference for AFVs would increase with growth values of 

households’ vehicle fleets’ average age, respondents’ financial affordability, 

education level, ratio of transportation parcels within respondents’ buffer, and if the 

respondents usually park vehicles at garages attached to houses or buildings. On the 

contrary, short vehicle purchase timeframe and increase in respondents’ age 

suggest adverse impact on consumers’ AFVs purchasing probability. All these 

results fit well with intuitive considerations, and in line with previous research in 

the same field. 

Correlations between variables were presented in Table 20. As can be seen, none of 

the Pearson correlations exceed ±0.25. Thus, the correlations between variables 

cannot cause problems to all the models presented. 
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Table 14: Random parameter logit models results-1 

Variables 
Base Model Improved Model I Improved Model II 

Coefficient t-ratio Coefficient t-ratio Coefficient t-ratio 

Random parameter in utility functions 

Would the respondents' purchase the new vehicle within 1 year 

(12 months)? [1=Yes, 0=No]  
-1.154 (-0.63) -1.554 (-0.77) -1.953 (-0.84) 

Would the respondent usually park his or her vehicle at garage 

attached to the house/building? [1=Yes, 0=No] 
3.040 (1.69) 3.590 (1.63) 3.077 (1.35) 

Respondents' expected purchase price/respondents' household 

income 
NA NA 2.946 (1.06) NA NA 

Ratio of transportation parcels within respondents' buffer, in 

percent 
NA NA NA NA 0.135 (0.51) 

Nonrandom parameter in utility functions 

Constants 2.654 (1.04) 1.779 (0.63) 0.455 (0.13) 

Average vehicle age in respondents' household 0.208 (1.96) 0.212 (1.84) 0.250 (1.49) 

Respondents' age -0.907 (-1.94) -0.948 (-1.83) -0.832 (-1.42) 

Education level-Is the respondents' highest degree exceeding 

college graduation (including college graduate)? [1=Yes, 0=No] 
2.366 (2.79) 2.603 (2.74) 2.979 (2.07) 

Respondents' expected purchase price/respondents' household 

income 
NA NA NA NA 2.328 (0.63) 

Derived standard deviations of parameter distributions 

Would the respondents' purchase the new vehicle within 1 year 

(12 months)? [1=Yes, 0=No]  
5.542 (1.44) 5.391 (1.23) 5.375 (1.13) 

Would the respondent usually park his or her vehicle at garage 

attached to the house/building? [1=Yes, 0=No] 
2.929 (1.64) 3.346 (1.58) 3.027 (1.29) 

Respondents' expected purchase price/respondents' household 

income 
NA NA 0.166 (0.02) NA NA 

Ratio of transportation parcels within respondents' buffer, in 

percent 
NA NA NA NA 0.187 (0.70) 

Log-likelihood at Zero -144.868 -144.868 -144.868 

Log-likelihood at Constant -103.466 -103.466 -103.466 

Log-likelihood at Convergence -82.972 -82.868 -83.070 

Rho-Squared w.r.t. Zero 0.427 0.428 0.427 

Rho-Squared w.r.t. Constant 0.198 0.199 0.197 

Adjusted Rho-Squared w.r.t. Zero 0.404 0.399 0.395 

Adjusted Rho-Squared w.r.t. Constants 0.166 0.159 0.153 



   76 

 

 

 

Table 15: Random parameter logit models results-2 

Variables 

Base Model Improved Model I Improved Model II 

Prob (Z>0) Prob (Z<0) Prob (Z>0) Prob (Z<0) Prob (Z>0) 
Prob 

(Z<0) 

Random parameter in utility functions 

Would the respondents' purchase the new 

vehicle within 1 year (12 months)? [1=Yes, 

0=No]  

41.68% 58.32% 38.59% 61.41% 35.94% 64.06% 

Would the respondent usually park his or her 

vehicle at garage attached to the 

house/building? [1=Yes, 0=No] 

87.29% 12.71% 85.77% 14.23% 84.61% 15.39% 

Respondents' expected purchase 

price/respondents' household income 
NA NA 100.00% 0.00% NA NA 

Ratio of transportation parcels within 

respondents' buffer, in percent 
NA NA NA NA 76.42% 33.38% 

Nonrandom parameter in utility functions 

Constants + + + 

Average vehicle age in respondents' household + + + 

Respondents' age - - - 

Education level-Is the respondents' highest 

degree exceeding college graduation (including 

college graduate)? [1=Yes, 0=No] 

+  + + 

Respondents' expected purchase 

price/respondents' household income 
 NA NA  + 
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Table 16: Likelihood Ratio Test for Hypothesis H2,a, H2,b, and H2,c 

Variables 
Test for 

Hypothesis H2,a 

Test for 

Hypothesis H2,b 

Test for 

Hypothesis H2,c 

Log-likelihood of Unrestricted Model (Random 

parameter logit model)-LLU -82.972 -82.868 -83.070 

Log-likelihood of Restricted Model (Fixed parameter 

logit model)-LLR -86.538 -86.030 -85.414 

Test Statistics [-2(LLR-LLU)] 7.132 6.324 4.688 

Number of restrictions 2 3 3 

Critical Chi-Squared Value at 99% Confidence 9.21 11.34 11.34 

Critical Chi-Squared Value at 95% Confidence 5.99 7.81 7.81 

Critical Chi-Squared Value at 90% Confidence 4.61 6.25 6.25 

Critical Chi-Squared Value at 80% Confidence 3.22 4.64 4.64 

Rejection Confidence 95% 90% 80% 

Rejection Significance 0.05 0.10 0.20 
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Chapter	5	Conclusions	and	Recommendations	

5.1	Conclusions		

This thesis has presented a survey-based quantitative study of consumers’ purchase choice 

between AFVs and conventional gasoline vehicles in Dane county, Wisconsin. The specific 

model structure used in current thesis is the multinomial logit model. Both the fixed and 

random coefficient specifications are considered.  

The data for this analysis are drawn from three sources: telephone-based survey conducted 

in 2009, the 2000 census data, and the land use data from the Madison Metropolitan 

Planning Organization. While the survey data provides the basis for the model estimation 

sample, the census and land use data are used to measure the socio and the built 

environment characteristics within the neighborhoods of survey respondents’ places of 

residence. Altogether 413 explanatory variables were generated and considered. These 

variables include consumer personal characteristics, consumer vehicle purchase 

expectations, neighborhood social-demographic attributes, and neighborhood land-use 

distribution attributes. The final specifications were obtained by a systematic process of 

adding variables with high t-ratio.The process is also guided by previous literature with 

similar research purposes, as well as intuitive considerations. Important findings from the 

analysis are summarized as follows: 
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1. Overall, the random parameter model specification improves the model goodness of fit 

of the fixed parameter counterparts, and the Base Model of random parameter logit 

model is selected to be the preferred model.   

2. The aging of a respondent’s household vehicle(s), the respondent’s capital affordability, 

and the share of land dedicated to transportation infrastructure within the 

respondent’s neighborhood would increase the respondent’s likelihood of purchasing 

AFVs relative to conventional gasoline vehicles. 

3. Respondents who usually park vehicles at garage attached to houses or buildings, and 

with education level exceeding college graduate would have a higher preference of 

AFVs than conventional gasoline vehicles. 

4. Urgency in making a vehicle purchase and the respondent’s age have negative impact 

on respondents’ AFVs adoption, when compared with conventional gasoline vehicles. 

5. In general, consumers’ demographic characteristics are statistically stronger 

explanatory variables than financial and environmental variables. The low statistical 

significance of the vehicle cost and household income variables appear to be 

counterintuitive.  

These findings provide insight into who the early adopters of AFV would be in the Dane 

County area, thereby helping policy makers and infrastructure planners develop 

appropriate strategies to encourage AFV purchase and support AFV use.   
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5.2 Recommendations	for	further	research	

It must be noted that the current study is subjected to certain limitations, which should be 

addressed in future work of similar subject.  

1. The telephone survey was conducted in 2009 when few AFV options were available to 

consumers in Dane County and consumer awareness of such vehicles was limited. The 

survey respondents stated preference may not match their current or near-future 

preference. As new advances are made on AFV technology and availability, similar 

survey needs to be repeated to ensure that the choice models developed are 

representative of the time. 

2. The sample data may not have been representative of the entire Dane County 

population due to the survey methodology. Consumers without telephone access were 

not included in the survey, and the final sample used for this analysis was relatively 

small (209 observations). Future surveys should be expanded to include a larger 

sample size. 

3. The survey did not include questions about vehicle attributes (such as all electricity 

range, refueling duration, battery replacement cost), which have been found in previous 

study to influence AFV preference. Further surveys should included more elaborate 

stated preference questions that allow respondents to evaluate vehicles based on such 

attributes. 

4. While the study considered a range of land use density and diversity measures, no 
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information was available about the built environment design
29

. Variables capturing the 

design aspect of neighborhood should be collected and analyzed in future model 

development.    

                                                           
29 Cervero and Kockelman (1997) suggest to use the “3D” to assess the impact of the residential environment on 
travel behavior. The “3D” includes Density, Diversity, and Design.  
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Appendix 
Table 17: Descriptive analysis of decision maker characteristics variables in current thesis (1) 

Variable names Definitions 

Variable Descriptive Analysis 

Mean 

Std. 

deviatio

n 

Maximum 
Minimu

m 

Vehicle average age Average vehicle age of vehicles in working conditions in 

respondents' household. 
10.85 4.47 30 3 

Youngest vehicle age Youngest vehicle age of all vehicles in working condition in 

respondents' household. 
8.04 4.06 24 0 

Oldest vehicle age Oldest vehicle age of all vehicles in working condition in 

respondents' household. 
14.09 8.13 57 3 

Number of vehicles Number of vehicles in working condition in respondents' 

household. 
2.15 0.83 6 1 

Number of compact 

vehicles 

Number of compact vehicles in respondents' household. 
0.37 0.58 2 0 

Number of mid/full size 

vehicles 

Number of middle/full-size vehicles in respondents' 

household. 
0.72 0.75 3 0 

Number of station 

wagons 

Number of station wagons in respondents' household. 
0.07 0.27 2 0 

Number of SUVs Number of SUVs in respondents' household. 
0.34 0.6 3 0 

Number of pickup 

trucks 

Number of pick-up trucks in respondents' household. 
0.29 0.54 3 0 

Household size Number of people living in respondents’' house currently. 
2.79 1.2 7 1 

Price/ln(income) Purchase price in thousands of dollars, divided by the natural 

log of household income in thousands. 1.84 0.59 4.3 1.17 
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Variable names Definitions 
Variable Descriptive Analysis 

Mean 
Std. 

deviation 
Maximum Minimum 

Vehicle average age Average vehicle age of vehicles in working conditions in 

respondents' household. 
10.85 4.47 30 3 

Youngest vehicle age Youngest vehicle age of all vehicles in working condition in 

respondents' household. 
8.04 4.06 24 0 

Oldest vehicle age Oldest vehicle age of all vehicles in working condition in 

respondents' household. 
14.09 8.13 57 3 

Number of vehicles Number of vehicles in working condition in respondents' 

household. 
2.15 0.83 6 1 

Number of compact 

vehicles 

Number of compact vehicles in respondents' household. 
0.37 0.58 2 0 

Number of mid/full size 

vehicles 

Number of middle/full-size vehicles in respondents' 

household. 
0.72 0.75 3 0 

Number of station 

wagons 

Number of station wagons in respondents' household. 
0.07 0.27 2 0 

Number of SUVs Number of SUVs in respondents' household. 
0.34 0.6 3 0 

Number of pickup 

trucks 

Number of pick-up trucks in respondents' household. 
0.29 0.54 3 0 

Age Respondents' age. 
49.8 10.42 60 20 

Household size Number of people living in respondents’' house currently. 
2.79 1.2 7 1 

Price/ln(income) Purchase price in thousands of dollars, divided by the natural 

log of household income in thousands. 1.84 0.59 4.3 1.17 
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Variable names Definitions 

Variable Descriptive Analysis 

Mean 
Std. 

deviation 
Maximum Minimum 

Income/household size Household income (in thousand)over household size 
3.54 1.96 11.25 0.50 

Income/Drivers in 

household 

Household income (in thousand) over number of drivers in 

household 4.33 2.03 11.25 0.75 

Number of 

vehicles/household size 

Number of vehicles over household size 
0.88 0.43 3.00 0.20 

Number of 

vehicles/Number of 

drivers 

Number of vehicles over number of drivers in household 

1.06 0.37 3.00 0.33 
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Table 18: Descriptive analysis of decision maker characteristics variables in current thesis (2) 

Variable names Definitions 

Variable Descriptive Analysis 

Counts for 

"Yes" 

Percent for 

"Yes" 

Counts for 

"No" 

Percent for 

"No" 

Compact vehicle Does the respondent currently have at least one compact vehicle in 

his or her household vehicle fleet? (1=Yes, 0=No) 67 32.21% 142 68.27% 

Mid/full vehicle Does the respondent currently have at least one Middle-size or full-
size vehicle in his or her household vehicle fleet? (1=Yes, 0=No) 117 56.25% 92 44.23% 

Station wagon Does the respondent currently have at least one Station wagon in his 
or her household vehicle fleet? (1=Yes, 0=No) 13 6.25% 196 94.23% 

SUV Does the respondent currently have at least one SUV vehicle in his or 
her household vehicle fleet? (1=Yes, 0=No) 58 27.88% 151 72.60% 

Pick-up trucks Does the respondent currently have at least one Pick-up truck in his 
or her household vehicle fleet? (1=Yes, 0=No) 53 25.48% 156 75.00% 

Purchase compact 
vehicle 

For the next vehicle purchase, would the respondent consider 
compact vehicle as his or her next vehicle purchase type? (1=Yes, 
0=No) 

81 38.94% 128 61.54% 

Purchase mid/full 
size vehicle 

For the next vehicle purchase, would the respondent consider 
middle/full size vehicle as his or her next vehicle purchase type? 
(1=Yes, 0=No) 

86 41.35% 123 59.13% 

Purchase station 
wagon 

For the next vehicle purchase, would the respondent consider station 
wagon as his or her next vehicle purchase type? (1=Yes, 0=No) 18 8.65% 191 91.83% 

Purchase SUV For the next vehicle purchase, would the respondent consider SUV as 
his or her next vehicle purchase type? (1=Yes, 0=No) 42 20.19% 167 80.29% 

Purchase pick-up 
trucks 

For the next vehicle purchase, would the respondent consider pick-
up trucks as his or her next vehicle purchase type? (1=Yes, 0=No) 28 13.46% 181 87.02% 
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Variable names Definitions 

Variable Descriptive Analysis 

Counts for 
"Yes" 

Percent for 
"Yes" 

Counts for 
"No" 

Percent for 
"No" 

Purchase within 
1 year 

Does the respondent considering purchasing one vehicle in 
the next year? (1=Yes, 0=No) 19 9.13% 190 91.35% 

Purchase within 
3 years 

Does the respondent considering purchasing one vehicle in 
the next 3 years? (1=Yes, 0=No) 35 16.83% 174 83.65% 

Purchase within 
5 years 

Does the respondent considering purchasing one vehicle in 
the next 5 years? (1=Yes, 0=No) 101 48.56% 108 51.92% 

New vehicle For the next vehicle purchase, does the respondent only 
consider a new vehicle? (1=Yes, 0=No) 50 24.04% 159 76.44% 

Old vehicle For the next vehicle purchase, does the respondent only 
consider an old (second hand) vehicle? (1=Yes, 0=No) 52 25.00% 157 75.48% 

Parking garage 
attached 

Does the respondent usually park his or her vehicle in garage 
attached to house? (1=Yes, 0=No) 141 67.79% 68 32.69% 

Parking garage 
detached 

Does the respondent usually park his or her vehicle in garage 
detached to house? (1=Yes, 0=No) 21 10.10% 188 90.38% 

Parking carport Does the respondent usually park his or her vehicle in 
carport? (1=Yes, 0=No) 1 0.48% 208 100.00% 

Parking 
driveway 

Does the respondent usually park his or her vehicle on 
driveway? (1=Yes, 0=No) 

32 15.38% 177 85.10% 

Gender Is the respondent male? (1=Yes, 0=No) 
134 64.42% 75 36.06% 
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Variable names Definitions 

Variable Descriptive Analysis 

Counts for 
"Yes" 

Percent for 
"Yes" 

Counts for 
"No" 

Percent for 
"No" 

Living in 
apartment/dupl
ex/townhouse 

Is the respondent living in apartment/duplex/townhouse? 
(1=Yes, 0=No) 20 9.62% 189 90.87% 

Living in 
condominium 

Is the respondent living in condominium? (1=Yes, 0=No) 
15 7.21% 194 93.27% 

Living in house Is the respondent living in house? (1=Yes, 0=No) 
172 82.69% 37 17.79% 

College 
education 

Is the respondent's highest education degree exceeding college 
graduation? (1=Yes, 0=No) 133 63.94% 76 36.54% 

House*garage 
attached 

Is the respondent living in a house while usually parking his or 
her vehicle in the garage attached to the house? (1=Yes, 0=No) 123 59.13% 86 41.35% 

Electricity Outlet Is there an electricity outlet in the respondent's usually 
parking space? (1=Yes, 0=No) 184 88.46% 25 12.02% 
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Table 19: Descriptive analysis of individuals’ environmental variables in current thesis 

Variable names Definition 

Variable Descriptive Analysis 

Mean 
Std. 

deviation 
Maximum Minimum 

Buffer education Buffer ratio of population with education level above 

college to total population 25 or older in buffer (in percent) 43.012 13.914 72.999 13.569 

Buffer race Buffer ratio of other HL population (besides white) to total 
population (in percent) 9.117 7.050 44.880 1.003 

Buffer gender tendency Percent of buffer male population (in percent) 48.861 1.677 55.420 44.770 

Buffer large household Buffer ratio of household with household size larger than 4 
people (in percent). 7.044 2.576 15.572 2.435 

ln(Buffer household 
income) 

Buffer total aggregate household income within buffer in 
natural log. 

17.874 1.302 19.537 13.808 

Buffer per capita income Buffer per capita income in natural log 
10.182 0.217 11.067 9.535 

Buffer housing value 
intensity 

Average home value per area of land with single home (in 
dollars/sq foot) 14.966 10.858 70.409 0.718 

Buffer average age Average population age in buffer 35.779 3.393 44.502 27.239 

ln(population) Buffer total population in natural log. 7.692 1.348 9.971 3.529 

Buffer area Total buffer area (in acre). 863.196 217.879 1207.866 194.374 

Buffer population density-
non-water 

Total population within buffer area divided by total non-
water area in buffer. 1.651 1.398 10.517 0.024 

Buffer population density Total population within buffer area divided by total buffer 
area (including water and non-water). 1.437 1.461 9.771 0.019 

ln(buffer house) Number of occupied household within buffer, in natural log. 
6.811 1.406 9.184 2.561 
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Variable names Definition 

Variable Descriptive Analysis 

Mean 
Std. 

deviation 
Maximum Minimum 

ln(population living in 
owned-house) 

Buffer population living within owned-house, per acre. 
2.499 1.594 5.696 0.046 

ln(population living in 
renter-house) 

Buffer population living within renter-house, per acre. 
1.638 1.964 16.382 0.006 

Buffer vehicle Average number of vehicles in buffer household, 
which means total number of vehicles within a buffer 
divided by total number of occupied houses within a 
buffer. 

1.734 0.274 2.444 0.917 

Buffer residential ratio Ratio of residential land (including single and seasonal 
home parcels, multi-dwelling and group home parcels, 
duplex home parcels) to all buffer area, in percent 

52.926 20.750 95.400 1.173 

Buffer shopping-dining 
ratio 

Ratio of shopping and dining land to all buffer area 
(including shopping and dining parcels, dining and 
drinking parcels, warehouse (necessities) shopping 
parcels, discretionary shopping parcels, other 
shopping parcels), in percent. 

4.021 5.392 34.164 0.000 

Buffer other ratio Ratio of other land to all buffer area (including general 
amusement parcels, transportation parcels, 
agriculture parcels, recreational areas, unconstructed 
areas, and cemetery), in percent. 

34.099 21.967 98.368 1.204 

Buffer commercial ratio Ratio of commercial land to all buffer area (including 
personal-social, business maintenance, industrial 
parcels), in percent. 

10.000 8.535 58.874 0.000 
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Variable names Definition 
Variable Descriptive Analysis 

Mean Std. deviation Maximum Minimum 

Land use mix 

1 −
����� −

1
4� + ����� −

1
4� + ����� −

1
4� + ����� −

1
4�

3
2

 
0.435 0.159 0.911 0.022 

Buffer duplex home ratio Ratio of duplex home parcels in percent. 
3.176 3.235 14.342 0.000 

Buffer multi-dwelling and 

group home parcels ratio 

Ratio of multi-dwelling and group home parcels in percent. 
6.474 6.294 28.037 0.000 

Buffer other housing ratio Ratio of other housing parcels in percent. 
0.128 1.487 21.323 0.000 

Buffer dining and drinking 

ratio 

Ratio of area coded for dining and drinking parcels in percent. 
0.530 0.702 3.871 0.000 

Buffer warehouse 

(necessities) shopping 

parcels ratio 

Ratio of area coded for warehouse (necessities) shopping 

parcels in percent. 0.409 1.025 9.370 0.000 

Buffer discretionary 

shopping parcels ratio 

Ratio of area coded for discretionary shopping parcels in 

percent. 0.313 0.511 2.376 0.000 

Buffer other shopping 

parcels ratio 

Ratio of other shopping area in percent. 
0.759 1.297 6.821 0.000 

Buffer personal-

social/business-

maintenance parcels ratio 

Ratio of area coded for personal social/business maintenance 

parcels in percent. 
7.480 6.110 36.354 0.000 

Buffer industrial parcels 

ratio 

Ratio of industrial parcels in percent. 
2.520 5.136 49.925 0.000 
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Variable names Definition 

Variable Descriptive Analysis 

Mean 
Std. 

deviation 
Maximum Minimum 

Buffer general 

amusement parcels ratio 

Ratio of area coded for general amusement in percent. 

0.278 0.623 5.572 0.000 

Buffer utility parcels 

ratio 

Ratio of area coded for utility parcels in percent. 
0.441 0.863 5.460 0.000 

Buffer transportation 

parcels ratio 

Ratio of area coded for transportation parcels in percent. 
8.664 5.856 27.257 0.000 

Buffer outdoor and 

recreation ratio 

Ratio of area coded for outdoor and recreational parcels 

in percent. 4.906 5.649 63.592 0.000 

Buffer dining and 

drinking density 

Buffer dining and drinking area density (*10^2). 
0.530 0.702 3.871 0.000 

Buffer necessity 
(warehouse) shopping 
density 

Buffer necessity (warehouse) shopping area density 
(*10^2). 0.409 1.025 9.370 0.000 

Buffer discretionary 
shopping density 

Buffer discretionary shopping area density (*10^2). 
0.313 0.511 2.376 0.000 

Buffer other shopping 
density 

Buffer other shopping area density (*10^2). 
0.759 1.297 6.821 0.000 

Buffer outdoor and 
recreation density 

Buffer outdoor and recreation area density (*10^2). 
4.960 5.659 63.592 0.000 

Buffer maintenance 
density 

Buffer maintenance area density (*10^2). 
7.480 6.110 36.354 0.000 
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Table 20: Variable Correlation Table 

    

Average	vehicle	

age	in	

respondents’	

household	

Purchase	

timeframe	

Parking	

behavior	

Respondents’	

age	

Respondents’	

education	level	

Respondents’	

financial	

affordability	

Transportation	

ration	within	

buffer	

Average	vehicle	age	in	

respondents’	household	

Pearson	

correlation	
1	

	 	 	 	 	 	

Significance		

(two-tails)	 	 	 	 	 	 	 	

Purchase	timeframe	

Pearson	

correlation	
.067	 1	

	 	 	 	 	

Significance		

(two-tails)	
.169	

	 	 	 	 	 	

Parking	behavior	

Pearson	

correlation	
-.207**	 -.010	 1	

	 	 	 	

Significance		

(two-tails)	
.000	 .838	

	 	 	 	 	

Respondents’	age	

Pearson	

correlation	
.003	 -.178**	 .164**	 1	

	 	 	

Significance		

(two-tails)	
.959	 .000	 .001	

	 	 	 	

Respondents’	education	

level	

Pearson	

correlation	
.019	 -.076	 .154**	 -.129**	 1	

	 	

Significance		

(two-tails)	
.701	 .119	 .002	 .008	

	 	 	

Respondents’	financial	

affordability	

Pearson	

correlation	
.145**	 -.001	 -.141**	 .055	 -.241**	 1	

	

Significance	

	(two-tails)	
.003	 .976	 .004	 .262	 .000	

	 	

Transportation	ration	

within	buffer	

Pearson	

correlation	
.080	 -.044	 -.151**	 -.146**	 .000	 .063	 1	

Significance		

(two-tails)	
.104	 .366	 .002	 .003	 .998	 .202	

	

**	Significance	higher	at	1%	level	of	confidence 


