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ABSTRACT 33 
 34 

A number of barriers are associated with the implementation and 35 
deployment of a Vehicle Miles of Travel (VMT) Fee system ranging 36 
from technology issues to public acceptance. Technologically related 37 
barriers are easier to address compared to public related barriers. In 38 
addition, addressing technological barriers requires explicit consideration 39 
of the public attitudes and preferences towards various technological 40 
options. This paper studies public perceptions and preferences towards a 41 
VMT Fee system in Nevada. A survey questionnaire was developed to 42 
capture these perceptions and preferences. A series of discrete choice 43 
models – including ordered, probit, and logit models – were tested to 44 
determine the best model to use for evaluating the results of the survey. 45 
Multinomial logit models provided the best explanatory power. 46 
Modeling assumptions were tested to ensure adequate results. The model 47 
provided a number of interesting insights about public perceptions and 48 
preferences regarding the VMT system. Based on these insights, some 49 
policy recommendations are provided. 50 
   51 

52 
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INTRODUCTION 53 
A Vehicle Miles Traveled (VMT) Fee is a potential mechanism to 54 
replace the existing gas tax. Several states, including Iowa and Oregon, 55 
have conducted field tests to access the feasibility of a VMT Fee system. 56 
Both Iowa and Oregon recruited participants to evaluate technology 57 
developed for collecting miles traveled. These studies evaluated the 58 
accuracy and reliability of the technology, the practicality of a VMT Fee 59 
system, and the level of comfort the participants have with the system.   60 
 Some of the most important barriers for the implementation of a 61 
VMT Fee system include:  62 
 63 

• The selection of the technological options for collecting 64 
mileage,  65 

• Cost and time associated with deploying the system,  66 
• Public perceptions about the existing problems with current 67 

gas tax system,  68 
• Public acceptance  towards the VMT system, and  69 
• The level of comfort with the technology used as part of the 70 

VMT system.   71 
 72 
Technological Options 73 
Several options exist for the collection of mileage and the VMT Fee. 74 
They include both invasive and non-invasive technologies. Invasive 75 
technologies use global positioning systems (GPS) or similar to track 76 
vehicle trajectories. Although potentially highly effective, invasive 77 
systems raise privacy concerns.   78 

In a 12-month VMT field study, Oregon used GPS as part of its 79 
mileage collection system. An algorithm, developed to minimize privacy 80 
concerns (1), used data from the GPS to calculate the corresponding 81 
VMT fee. The GPS data was only received by the participant vehicles, 82 
and only the total VMT fee was stored. No GPS data was transmitted 83 
from the vehicles. Hence, it was impossible to track the vehicles’ 84 
locations (2).   85 

A very similar system was used in a national study conducted by 86 
the University of Iowa (3). This system used the vehicle’s On-Board 87 
Diagnostic (OBD) unit, which exists in most vehicles produced after 88 
2003, to determine the mileage. A GPS was used to determine the 89 
vehicles’ location so as to apply the corresponding jurisdictional fee. The 90 
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vehicles’ locations were used to calculate the fee. Only the aggregated 91 
mileage charge was transmitted to the operation center (2). 92 

A less invasive device, Davis Car Chip®, was used in a field test 93 
study in Las Vegas in the summer of 2011. The device used the vehicles’ 94 
OBD to collect miles traveled without keeping track of the vehicles’ 95 
trajectories. Hence, the VMT data were collected without creating 96 
privacy concerns. The Davis Car Chip used a wireless connection to 97 
transmit VMT to a computer located at a participant pump station where 98 
the VMT Fee was calculated. 99 

Other options to collect the VMT Fee include audits and 100 
receiving a bill on a periodic basis. Either of these options would require 101 
an initial physical reading of the odometer and a subsequent reading at 102 
the end of the period; the driver would either be charged on site or would 103 
receive a bill in the mail (4). These types of options are especially 104 
necessary for electric and other alternative fuel vehicles that do not 105 
require refueling at a pump station (5). 106 
 107 
Deployment Costs 108 
Replacing the gas tax with a VMT Fee undoubtedly would require 109 
significant initial expenses. For example, installing the device used in the 110 
Oregon study (6) into all of the vehicles in the state would require over 111 
$1 billion. This does not include costs associated with upgrading gas 112 
stations. Upgrading the fuel pumps and software for every station in 113 
Oregon would cost a total of $28.6 million and $2.7 million, 114 
respectively. New computers would cost another $1.7 million, and 115 
operating costs would total $2.4 million per year. An idea to reduce these 116 
costs was proposed only to require the device in new vehicles for 117 
mileage collection; existing vehicles would continue to pay the gas tax. 118 
However, analysis based on new vehicle purchase and scrap rates 119 
indicated that it would take an estimated 20 years for 95% of vehicles on 120 
the road to have the VMT device installed (7).  121 
 Estimates for the State of New York with a 1 cent/mile fee 122 
indicated that after full implementation, the annual operating costs would 123 
be 17.87% of the collected revenue. These estimates assumed a six-year 124 
deployment period. The capital costs to fully deploy the system in one 125 
year would require $1.337 billion for the onboard units and $104.5 126 
million for the equipment required at gas stations. 127 
 128 
 129 
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 130 
 131 
Public Perception 132 
Public perception focuses on how the public feels about the problems 133 
associated with the existing gas tax, and their concerns with the VMT 134 
Fee. Focus groups in Texas (8) revealed a lack of knowledge about the 135 
gas tax. Participants noted that VMT fees would adversely affect high-136 
mileage drivers compared to low-mileage drivers. These participants did 137 
not consider that with the existing gas tax, high-mileage drivers are likely 138 
to pay more in taxes because they likely purchase more fuel than low-139 
mileage drivers.   140 

A study in Minnesota, using a focus group, found similar 141 
problems (9). Overall, participants felt they had been using roads for 142 
free, and that a VMT Fee would change that. Lack of trust in the 143 
government also was common in this group. The mediators felt that the 144 
participants did not believe funding problems existed that are associated 145 
with the current gas tax system for revenue collection. In general, the 146 
participants believed that the funding crisis is not real. Previous studies 147 
involving public opinion in Minnesota showed a lack of knowledge 148 
about the current gas tax (10). Few members of the study group knew the 149 
actual value of the state’s gas tax, 38.4 cents/gallon, guessing anywhere 150 
between 9¢/gallon to $1.00/gallon. The annual tax paid was estimated 151 
between $50/vehicle to $10,000/vehicle by the members of the study 152 
group. The actual tax paid was around $600 and $700 per vehicle. 153 
 154 
Public Acceptance 155 
Public acceptance towards the VMT system is critical to prevent 156 
opposition and additional deployment costs. Several studies have 157 
considered various options and the corresponding public acceptance 158 
towards them. For example, five focus groups in Texas discussed various 159 
options, including a system with a fixed fee using on an odometer 160 
reading based system, a cellular-/zone-based system that applies a rate 161 
according to location, and a GPS-based system that applies a rate 162 
according to location (1). Focus group members were asked to give their 163 
level of acceptance for each system. Privacy was a primary concern with 164 
regard to the cellular- and GPS-based systems. Many participants felt 165 
that regardless of the system design, the use of either of these systems 166 
would allow the government to keep detailed travel information. Cost of 167 
both of these systems also was a major concern. Either system would 168 
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require an in-vehicle device and periodic uploads to a central database, 169 
which would require installation and incur high initial costs as well as 170 
operating and maintenance costs. 171 

Participants thought that all three systems would require more 172 
administration compared with the current gas tax system. To address this, 173 
different options were presented to the groups including installment 174 
plans, online payment, paying with vehicle registration, or allowing the 175 
payment to occur with fuel purchases. It was widely suggested that a 176 
payment that would happen annually would not be advised because 177 
households are unlikely to budget for this. Surprisingly, most participants 178 
stated that they would be more accepting of the cellular- or GPS-based 179 
systems, as long as they are allowed to pay at the pump (1).    180 

A study from the University of Iowa (4) found that a simple 181 
collection system would face less resistance from users. Anticipated 182 
privacy concerns from road users prompted the need for a simple system, 183 
one that would transmit only the total mileage fee.   184 
 185 
Level of Comfort 186 
The level of comfort of the users with the technology use to collect 187 
mileage data and the VMT Fee is another important barrier. Overall, 188 
support for the Oregon field study was high among the participants (11). 189 
At the end of the study, 71% of the participants were comfortable with 190 
the ease and convenience of the in-vehicle device. The accuracy of the 191 
device, within ±2% of actual mileage (12), was acceptable to 70% of the 192 
participants. Finally, if the study were expanded to allow participants to 193 
refuel at every gas station in the state, 91% of the study participants were 194 
willing to continue paying the VMT Fee.   195 

The device used by the University of Iowa also received a high 196 
level of approval. Over 71% of the participants had positive views, and 197 
only 17% had negative views (6). Payment of the fee was managed 198 
through a monthly bill. Over 60% of the participants favored the 199 
auditable bill, which provided the daily miles traveled, the location of the 200 
vehicle, and the corresponding VMT Fee. 201 

 202 
Challenging Barriers 203 
Among all the above barriers, public perceptions and acceptance towards 204 
the VMT Fee system probably are the most challenging barriers to 205 
address, because they involve users’ behaviors and attitudes. In addition, 206 
technological options and costs are highly dependent on the approaches 207 
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used to address issues associated with public perceptions and acceptance.  208 
Hence, this study focused on analyzing public perceptions and 209 
acceptance towards the VMT Fee system. In particular, this study 210 
considered some of the main aspects of concern for implementing a 211 
VMT Fee, including deployment costs, comfort with the car chip device, 212 
and preference for billing period. A survey questionnaire was used to 213 
capture public perceptions and acceptance towards these aspects.  214 

This paper proposes a methodology for capturing public 215 
perceptions and acceptance towards a VMT Fee system in Nevada. The 216 
paper analyzes the collected data as well as the proposed models, using a 217 
discrete-choice modeling framework. Finally, conclusions and 218 
recommendations are provided.   219 

 220 
METHODOLOGY 221 
The proposed methodology involves the development of a survey 222 
questionnaire, data collection, and model development.   223 
 224 
Survey Questionnaire 225 
Considering the focus of this study, questions related to deployment 226 
costs, comfort, and preferred billing period were developed to capture the 227 
corresponding perceptions and preferences towards a VMT Fee system 228 
in Nevada. These questions represent various aspects emphasized in this 229 
study. 230 
 Previous analyses noted the high cost of fully implementing a 231 
pay-at-the pump VMT system. However, retaining a pay-at-the pump 232 
system is highly desirable, at least initially, to provide a smooth 233 
transition between the existing gas tax system and the VMT Fee system. 234 
In order to capture public perceptions survey responders were asked what 235 
their concern was about the implementation costs associated with 236 
deploying the VMT Fee system. The available responses were: 237 

 238 
i. Very Concerned 239 
ii. Somewhat Concerned 240 
iii. Neutral 241 
iv. Somewhat Unconcerned 242 
v. Very Unconcerned 243 

 244 
With many options available to collect mileage information from 245 

drivers, public opinion about their comfort with a device used to collect 246 

 
 



Nordland/Paz/Khan 8 
 

their mileage is required to facilitate the selection of an adequate device. 247 
In the survey, a brief description of the device used in Nevada for a field 248 
test was provided. It stated that the system recorded the change in 249 
odometer miles at each pump visit, and then applied an established rate 250 
without tracking vehicle location. Responders to the survey were asked 251 
about their level of comfort with such a device. The available responses 252 
were: 253 

 254 
i. Very Uncomfortable 255 
ii. Somewhat Uncomfortable 256 
iii. Neutral 257 
iv. Somewhat Unconcerned 258 
v. Very Concerned 259 

 260 
Various billing periods could be used to charge the VMT Fee.  261 

Survey responders were asked how frequently they would prefer to pay 262 
their fee. The available responses were: 263 

 264 
i. Monthly 265 
ii. Quarterly 266 
iii. Bi-Annually (Twice a year) 267 
iv. Annually 268 
v. None (Continue to pay at the pump during every refuel) 269 
 270 
Public perceptions about the cost of deploying a VMT Fee 271 

system, comfort with the device used to collect mileage, and billing 272 
period preference are interdependent. Discomfort with the device or 273 
concern with the cost of deploying a VMT Fee system will greatly 274 
influence the need for a billing option. If there are high levels of concern 275 
with the initial costs or strong discomfort with having a mileage 276 
collection device installed, billing users by using an alternative approach 277 
will be the most practical way to implement a VMT Fee system. 278 
Understanding the preferences for different billing periods will help 279 
decide whether one fixed period is best or if different options are 280 
weighted equally and individuals should be able to choose from a set of 281 
alternatives. Conversely, preferring not to receive a bill will influence the 282 
need to maintain the current pay at the pump system. 283 

Although not an inherent trait of a VMT Fee system, a change in 284 
transit use also was considered because of the potential effect a change in 285 
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a major transportation tax structure might have on transit ridership. In a 286 
metropolitan area such as Las Vegas, where transit is available, users 287 
may choose to substitute methods of transportation other than driving 288 
vehicles to keep their total VMT cost low. It is important to know if, and 289 
how often, users would change modes in order to ensure that there is 290 
both sufficient transit availability and that revenue from the VMT Fee is 291 
sufficient. As a result, responders were asked if a VMT Fee would affect 292 
their transit use. The available responses were: 293 

 294 
i. Significantly Less Use 295 
ii. Somewhat Less Use 296 
iii. Neutral 297 
iv. Somewhat More Use 298 
v. Significantly More Use 299 

 300 
Socioeconomic information about the responder also was 301 

collected. This information was used to draw connections between the 302 
responders and their choices about VMT characteristics. Some specific 303 
demographics included gender, age, level of education, and household 304 
income.   305 
 306 
Data Collection 307 
A total of 173 survey responses were collected. Data was collected from 308 
the general population at public locations near the main campus of the 309 
University of Nevada, Las Vegas (UNLV). These locations included 310 
local grocery stores, local shopping centers, and the student union. To 311 
attract people to take the survey, UNLV articulated pens were offered for 312 
completing the survey. Participants from the Las Vegas field test were 313 
not included in this survey because their responses might be adversely 314 
affected by their experiences. No racial information was collected.   315 
 Responders first read the front page of the survey. This page 316 
contained information detailing the basics of what a VMT Fee would 317 
involve, why the Nevada Department of Transportation (NDOT) was 318 
interested in a VMT Fee system, and the purpose for collecting the 319 
surveys. If still interested, the responder filled out the remainder of the 320 
survey. For questions specific to VMT, additional supporting information 321 
was provided about the technology used in the field study and cost 322 
estimates from previous studies. 323 
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Regarding gender, responders were 55% male and 45% female. 324 
Figure 1 shows the age distribution in the sample data. Nearly 70% of the 325 
responders were between the ages of 18 and 34, with only 2% of the 326 
responders 65 or older. This data does not accurately represent the age of 327 
the population in Las Vegas or the United States. However, 328 
implementing a VMT Fee system would take many years, and the large 329 
skew of young responders may be beneficial, as younger people would 330 
be most affected by a change.  331 

 332 

 333 

Figure 1 Age distribution in the sample data. 334 

Considering the potential benefits of this study as well as the 335 
potential issues associated with a non-representative sample, the results 336 
and conclusions provided by this study could be seen as initial insights. 337 
Although the results of this study may not be general, they provide a 338 
better understanding of the public perception and preferences towards the 339 
VMT system. Additional data collection and analysis is required to 340 
corroborate the results from this study, using a more representative 341 
sample.  342 
 343 
Model Development 344 
Discrete choice modeling was used in this study to analyze people’s 345 
perceptions and preferences towards a VMT Fee system in Nevada. 346 
Various aspects of the system can be designed each in a different 347 
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manner, many of them involving a discrete choice. Therefore, models for 348 
three aspects of a VMT Fee system were developed to analyze and 349 
understand their effects in Nevada. These models were developed to 350 
study 1) the costs of implementing a VMT Fee system, 2) the level of 351 
comfort with the device, and 3) the preferred billing period.  352 
 Although transit changes also were initially considered, 353 
preliminary results indicated that a VMT Fee system will not create 354 
significant changes in transit ridership. Of the 173 responses, only 17 355 
people currently used transit, representing less than 10% of the total 356 
sample. With a VMT Fee, only 19 people responded that they would use 357 
transit more, while 38 responded they would use transit less. These low 358 
values before and after a hypothetical VMT Fee is implemented imply 359 
that developing a model would be impractical, and would probably 360 
provide very minimal insights.   361 
 362 
Costs Concerns  363 
The information was collected using the survey questionnaire about how 364 
the public feels with respect to the costs of implementing a VMT Fee; 365 
this information was used to analyze the corresponding perceptions and 366 
attitudes. Considering the ordered characteristics of the associated 367 
possible responses, as described before, initially ordered discrete choice 368 
models were developed. The dependent variable in these models is the 369 
feeling of the public towards these costs.  370 
 Ordered models are not always appropriate, as they sometimes 371 
lack the flexibility necessary to control interior choice probabilities (14). 372 
For example, with the neutral response included, the ordered models 373 
showed very little explanatory power. Both ordered logit and ordered 374 
probit models provided similar results. Each of these models had an 375 
adjusted ρ2 value of 0.012. In addition, neither model was able to predict 376 
results for the Somewhat Unconcerned and Very Unconcerned choices. 377 
Furthermore, each model estimated 113 neutral responses in contrast to 378 
only 53 actual neutral responses.  379 

In seeking opportunities to improve the estimates and the 380 
explanatory power of the models, the dependent variable was modeled as 381 
a binary choice that included only those who either have a concern with 382 
costs or do not have concern. Similar results were obtained. Both the 383 
probit and logit models were unable to estimate results for being 384 
unconcerned about cost, and provided an even lower adjusted ρ2 value, 385 
0.0038. 386 
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Poor results provided by ordered models motivated the use of 387 
multinomial models. The Neutral response implies that the responders 388 
either do not know about the potential costs of implementing a VMT 389 
Fee, or the costs are not important for them. Hence, the Neutral 390 
responses were not considered for model development. 391 

The best model specification using a multinomial logit 392 
specification is described by Equation 1. It has an adjusted ρ2 value of 393 
0.171. 394 

 395 
• 𝑈(𝑉𝑒𝑟𝑦 𝐶𝑜𝑛𝑐𝑒𝑟𝑛𝑒𝑑) = 0.965 − 1.962 ∗ 𝑆𝑀𝐴𝐿𝐿 − 0.773 ∗396 

𝑌𝑂𝑈𝑁𝐺 397 

• 𝑈(𝑆𝑜𝑚𝑒𝑤ℎ𝑎𝑡 𝐶𝑜𝑛𝑐𝑒𝑟𝑛𝑒𝑑) = 1.033− 1.625 ∗ 𝑆𝑀𝐴𝐿𝐿 − 398 

1.433 ∗ 𝐺𝐸𝑁𝐷𝐸𝑅 + 0.866 ∗ 𝐿𝑂𝑊𝐸𝐷𝑈 

• 𝑈(𝑆𝑜𝑚𝑒𝑤ℎ𝑎𝑡 𝑈𝑛𝑐𝑜𝑛𝑐𝑒𝑟𝑛𝑒𝑑) = −1.625 ∗ 𝑆𝑀𝐴𝐿𝐿 − 0.999 ∗399 
𝐾𝑁𝑂𝑊 400 

• 𝑈(𝑉𝑒𝑟𝑦 𝑈𝑛𝑐𝑜𝑛𝑐𝑒𝑟𝑛𝑒𝑑) = −2.605             401 

 402 
Everything else being equal, and considering only the constants, 403 

people are most likely Somewhat Concerned with the cost of VMT 404 
followed by being Very Concerned, Somewhat Unconcerned, and Very 405 
Unconcerned. Factors causing a decrease in utility included:  406 

 407 
i. SMALL = small households, less than 3 people;  408 
ii. YOUNG = responders under the age of 35;  409 
iii. KNOW = people with previous knowledge of a VMT Fee 410 

system; and  411 
iv. MALE = male.  412 

 413 
Only people without a college degree (LOWEDU) showed an increase in 414 
their utility for being Somewhat Concerned. Comparatively, people with 415 
a high level of education had a higher probability for being Very 416 
Concerned. Previous knowledge of a VMT Fee decreased the utility for 417 
being Somewhat Unconcerned. Although potentially contradictory, it 418 
showed that people with knowledge of VMT Fee were aware of the 419 
implementation costs, thus increasing the probability of being somewhat 420 
or very concerned with the cost.   421 
 422 

(1) 
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Comfort Level 423 
Ordered logit and ordered probit models were developed to capture the 424 
comfort level associated with having a device in the vehicle for 425 
collecting mileage. Both models were only able to estimate Neutral and 426 
Somewhat Concerned choices, with 143 and 30 estimated choices 427 
compared with 51 and 43 actual choices, respectively. These models also 428 
had questionable goodness-of-fits, with adjusted ρ2 values of 0.0046 for 429 
logit and 0.0041 for probit.   430 

Seeking to improve the models, the Neutral responses were not 431 
considered. This provided only marginally better models. The respective 432 
adjusted ρ2 values were 0.01085 for logit and 0.0078 for probit.  433 

Considering the relatively low explanatory power of the ordered 434 
models, a multinomial logit model was tested. The adjusted ρ2 of 0.0298 435 
for this model is slightly better than the ordered models. The model 436 
specification is described in Equation 2. 437 

 438 
• 𝑈�𝑉𝑒𝑟𝑦 𝐶𝑜𝑚𝑓𝑜𝑟𝑡𝑎𝑏𝑙𝑒� = −1.481 + 1.022 ∗ 𝐿𝑂𝑊𝐼𝑁𝐶 439 

• 𝑈�𝑆𝑜𝑚𝑒𝑤ℎ𝑎𝑡 𝐶𝑜𝑚𝑓𝑜𝑟𝑡𝑎𝑏𝑙𝑒� = 0 440 

• 𝑈�𝑆𝑜𝑚𝑒𝑤ℎ𝑎𝑡 𝑈𝑛𝑐𝑜𝑚𝑓𝑜𝑟𝑡𝑎𝑏𝑙𝑒� = −0.868 ∗ 𝑆𝑀𝐴𝐿𝐿 + 441 

0.861 ∗ 𝑃𝑅𝐼𝑉𝐴𝐶𝑌 + 0.884 ∗ 𝐾𝑁𝑂𝑊  442 

• 𝑈�𝑉𝑒𝑟𝑦 𝑈𝑛𝑐𝑜𝑚𝑓𝑜𝑟𝑡𝑎𝑏𝑙𝑒� = −0.392− 0.868 ∗ 𝑆𝑀𝐴𝐿𝐿 + 443 

0.861 ∗ 𝑃𝑅𝐼𝑉𝐴𝐶𝑌 + 0.884 ∗ 𝐾𝑁𝑂𝑊            444 

Everything else equal, and considering only the constants, the 445 
model indicated that people are Somewhat Uncomfortable with a device 446 
collecting their mileage. Having a high preference for privacy protection 447 
and previous knowledge of the VMT Fee increased the probability for 448 
being Somewhat Uncomfortable and Very Uncomfortable with the 449 
device. Previous knowledge of a VMT Fee system might imply 450 
knowledge of previous studies using GPS devices to track mileage. This 451 
may explain why people who are familiar with the concept of a VMT 452 
Fee may feel uncomfortable about the system.    453 

 454 
Billing Period 455 
A model was developed for analyzing the preferred billing period. In 456 
order to consider only the pertinent choices, the choice of None was 457 
removed from the choice set. These choices followed an ordered nature, 458 

(2) 
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because each option represented a certain number of bills per year: 12 for 459 
Monthly, 4 for Quarterly, 2 for Bi-Annually, and 1 for Annually. Hence, 460 
both ordered and unordered multinomial logit and probit models were 461 
considered.   462 

The best model was obtained using a multinomial logit 463 
specification with an adjusted ρ2 value of 0.1205. The model is described 464 
with Equation 3:    465 
 466 
• 𝑈(𝑀𝑜𝑛𝑡ℎ𝑙𝑦) = 1.165− 1.44 ∗ 𝑆𝑀𝐴𝐿𝐿 − 0.945 ∗ 𝐿𝑂𝑊𝐸𝐷𝑈 +467 

0.838 ∗ 𝐻𝑀   468 

• 𝑈(𝑄𝑢𝑎𝑟𝑡𝑒𝑟𝑙𝑦) = −0.95 ∗ 𝑆𝑀𝐴𝐿𝐿 − 1.58 ∗ 𝐿𝑂𝑊𝐸𝐷𝑈 +  469 

 0.506 ∗ 𝐿𝑂𝑊𝐼𝑁𝐶   470 

• 𝑈(𝐵𝑖 − 𝐴𝑛𝑛𝑢𝑎𝑙𝑙𝑦) = −1.15− 0.95 ∗ 𝑆𝑀𝐴𝐿𝐿 − 0.945 ∗471 
𝐿𝑂𝑊𝐸𝐷𝑈 + 1.08 ∗ 𝐿𝑂𝑊𝐼𝑁𝐶  472 

• 𝑈(𝐴𝑛𝑛𝑢𝑎𝑙𝑙𝑦) = −0.853 + 1.08 ∗ 𝐿𝑂𝑊𝐼𝑁𝐶           473 

 474 
Everything else the same, the alternative specific constants indicate that 475 
the Monthly billing period is the most attractive. With most bills been 476 
paid on a monthly basis, it is not a surprise that the Monthly option is the 477 
most attractive choice. Small households (SMALL) and people with less 478 
than a college degree (LOWEDU) prefer to pay their bills on an annually 479 
basis. Small households are likely to have fewer expenses, making it 480 
easier for them to pay once a year. The same can be said about 481 
households with low levels of education. Households driving more than 482 
40 miles/day (HM) have a stronger preference for a monthly bill. Low 483 
income households (LOWINC) do not like a monthly billing cycle. 484 
Although difficult to budget for, it may appear to be easier for low 485 
income households to save and pay fewer bills a year.   486 

 487 
ANALYSES OF RESULTS 488 
Each model was analyzed to determine the appropriateness of the 489 
proposed modeling framework, the relative significance of the variables 490 
in the model, and the model’s explanatory power. The appropriateness of 491 
using the multinomial logit framework was checked by testing for the 492 
property of Independence of Irrelevant Alternatives (IIA).  493 
 The IIA property can be tested by estimating a model for a 494 
subset of the alternatives. A ratio of probabilities estimated using the 495 

(3) 
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subset of alternatives can be compared to the ratio of probabilities for the 496 
same alternatives when all alternatives are considered. Failure of the IIA 497 
property occurs when these ratios are different. 498 

The relative significance of variables is estimated using 499 
elasticities. Direct-elasticities could give misleading results for the 500 
models developed in this study, given that many of the explanatory 501 
variables are binary. Hence, direct pseudo-elasticities were calculated to 502 
determine the percent change in the utility of an alternative when the 503 
variable changed from 0 to 1. Direct pseudo-elasticities were calculated 504 
as: 505 

 506 
𝐸𝑋𝑘 = 𝑃(𝑋𝑘=1)−𝑃(𝑋𝑘=0)

𝑃(𝑋𝑘=0)  ,             (4) 507 
 508 
where Xk represents variable X in the utility for alternative k.   509 
 510 

The explanatory power of the models is determined by 511 
comparing the estimated versus the stated choices. The estimated number 512 
of times that an alternative is chosen was calculated as the product of the 513 
choice probability and the expected number of choices, as illustrated by 514 
Equation 5: 515 

 516 
𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑇𝑖𝑚𝑒𝑠 𝑡ℎ𝑎𝑛 𝑎𝑛 𝐴𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 𝑖𝑠 𝐶ℎ𝑜𝑠𝑒𝑛 =517 
𝑒𝑈𝑘

∑ 𝑒𝑈𝑘𝐾
𝑘=1

∗ (𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶ℎ𝑜𝑖𝑐𝑒𝑠)            (5) 518 

 519 
  The explanatory power of the model is given by Equation 6: 520 

𝐸𝑥𝑝𝑙𝑎𝑛𝑎𝑡𝑜𝑟𝑦 𝑃𝑜𝑤𝑒𝑟 = 𝑇𝑜𝑡𝑎𝑙−∑�𝐴𝑏𝑠(𝑆𝑡𝑎𝑡𝑒𝑑−𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑)�
𝑇𝑜𝑡𝑎𝑙

∗ 100         (6) 521 
 522 
Cost Concern 523 
Appropriateness 524 
For the cost concern, a model was developed with Somewhat Concerned 525 
and Somewhat Unconcerned as a subset of alternatives. The probability 526 
ratio in the model with just those two choices was 2.38, while the ratio in 527 
the full model was 2.55. Given that these ratios are very similar, and the 528 
ordering between the two did not change, a logit model was considered 529 
to be appropriate for this data.   530 
 531 
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Significance of the Variables 532 
Table 1 shows the pseudo-elasticities for the variables in the model that 533 
were used to evaluate the concern of the public with the VMT Fee. 534 
Positive values indicate an increase in the probability for choosing an 535 
alternative, and negative values indicate a decrease. Small households 536 
showed a strong (infinite) increase in being Very Unconcerned, resulting 537 
from zero responses for non-small households.   538 
 539 

TABLE 1 Elasticities for the Model, Used to Evaluate the Costs 540 
Concerns 541 

Variable Very 
Concerned 

Somewhat 
Concerned 

Somewhat 
Unconcerned 

Very 
Unconcerned 

Small 
household 

-17.1% -7.9% -1.68% INF (P(0)=0) 

Young person -38.6% 23.3% 57.9% 10.5% 
Male 63.6% -49.5% 96.3% 309.7% 
Without 
college degree 

-27.56% 12.2% 63.0% -27.53% 

Familiar with 
VMT 

59.2% -13.8% -58.7% -3.7% 

 542 
 Young responders showed a propensity for approaching the 543 
middle of the range. In general, the same could be concluded for 544 
responders with a low level of education. This indicates uncertainty 545 
about the potential cost. Additional information and knowledge about the 546 
subject might reduce some of the uncertainty. 547 

Prior knowledge about the VMT Fee created a significant 548 
increase for being Very Concerned with respect to cost. Increasing the 549 
information about what the cost of VMT would entail, as stated for 550 
young and low educated households, would likely show further concerns 551 
about cost. 552 
 553 
Explanatory Power 554 
Figure 2 shows a comparison between the stated and estimated choices 555 
about the public concerns with respect to the cost of implementing a 556 
VMT Fee system.  The extremes were modeled very well, with little or 557 
no difference. Overall, the model had an accuracy of 93%.  558 
 559 
 560 
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 561 
 562 

FIGURE 2 Concern about the cost of a VMT Fee system. 563 
 564 
Level of Comfort 565 
Appropriateness 566 
The IIA property for the model – used to evaluate the level of comfort 567 
with the device used to collect mileage – was tested using a model that 568 
included the choices Somewhat Comfortable and Somewhat 569 
Uncomfortable. The probability ratio for this model was 1.1, while the 570 
corresponding ratio for the model with all choices was 1.2. These ratios 571 
are similar, and the ordering did not change. Hence, the logit 572 
specification was considered to be appropriate.  573 
    574 
Significance of the Variables 575 
The pseudo-elasticity values for the model – used to evaluate the public 576 
level of comfort with the device used to collect mileage – are shown in 577 
Table 2. Small households showed a significant increase in their level of 578 
comfort compared to large households. Smaller households were more 579 
likely to drive fewer miles. This could explain the increase in their level 580 
of comfort, because they did not get that much impacted by the device.  581 

The significant increase for being Very Comfortable for low 582 
income families is not surprising. Low income households have, on 583 
average, vehicles with low fuel efficiency, and would benefit from a 584 
VMT Fee.   585 

Responders who indicated that privacy was one of their top two 586 
important characteristics for a VMT Fee system showed an increase in 587 
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being uncomfortable with the device. Previous knowledge of a VMT Fee 588 
also led to an increase in discomfort with the device. Additional 589 
information about the device or a demonstration to show what 590 
information the device collects could help shift responses to being more 591 
comfortable.   592 

 593 
TABLE 2 Elasticity for the Model, Used to Evaluate the Level of 594 

Comfort 595 
Variable Very 

Comfortable 
Somewhat 

Comfortable 
Somewhat 

Uncomfortable 
Very 

Uncomfortable 
Small 
household 

85.7% 48.6% -25.7% -25.7% 

Low income 163.0% -19.7% -5.5% -4.2% 
Prefer 
Privacy 

-4.2% -28.2% 25.7% 11.0% 

Familiar 
with VMT 

  -18.0% -41.4% 29.1% 32.7% 

 596 
Explanatory Power 597 
Figure 3 illustrates the difference between stated and estimated values for 598 
the choices about the level of comfort with the device. This model is 599 
96% accurate. Only the Very Uncomfortable response was estimated 600 
with a difference of greater than 1. However, the model provides a 601 
marginal goodness of fit. Although the model may represent the data set 602 
well, it may have problems with assessing other data.   603 
 604 
Billing Period 605 
Appropriateness 606 

To test for the IIA property, a model was developed with only 607 
billing choice alternatives for Monthly and Annually. The probability 608 
ratio of Monthly to Annually for this model was 2.02, while the 609 
corresponding ratio for the full model was 1.58. Under Luce’s choice 610 
axiom, logit would not be an appropriate fit because of the significant 611 
difference in the ratios (15). However, the ordering of the alternatives is 612 
not effected. Hence, under Gul’s choice axiom, a logit model is 613 
appropriate (16). 614 

 615 
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 616 

 617 
 618 

FIGURE 3 Level of comfort with the device used to collect mileage. 619 
 620 
Significance of the Variables 621 
The pseudo-elasticities for the model that were used to evaluate the 622 
preferences about the billing period are shown in Table 3. Small 623 
households had a very large increase in the probability for Annual bills, 624 
more than double the probability of large households. This increase 625 
indicates a preference for fewer bills, which is supported by the changes 626 
in Monthly, -35%, and Bi-Annually, -23.4%; however, Quarterly 627 
increases. 628 
 629 

TABLE 3 Elasticities for the Model Used to Evaluate the Billing 630 
Period  631 

Variable Monthly Quarterly Bi-Annually Annually 
Small household -35.0% 16.6% -23.3% 104.4% 
Without college 
degree 

-4.1% -56.6% -1.0% 57.436% 

High mileage 46.4% -37.3% 1.3% -42.2% 
Low income -42.3% 8.7% 70.7% 100.6% 

 632 
Low-education households had a decrease in every alternative 633 

except preferring an annual bill, which increased by 57%. This is likely 634 
due to the correlation between having a low level of education and 635 
having low income. Low-income households had a decrease in Monthly 636 
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bills, and increases in all other choices. The progression of the increases 637 
indicated an increased preference for fewer bills. 638 

The high increase in Monthly bills for high-mileage households 639 
indicated the effect that a VMT Fee might have. Intuitively, higher 640 
mileage means a greater VMT Fee to be paid. Although a monthly bill 641 
would not change the total annual cost, it would be easier to budget and 642 
control.   643 

 644 
Explanatory Power 645 
A comparison between the estimated and stated preferences for the 646 
billing period is shown in Figure 4. The choices with the fewest 647 
responses, Quarterly and Bi-Annually, are modeled most accurately. 648 
There is crossover between Annually and Monthly, with the model 649 
estimating more responses for Annually and fewer for Monthly. At the 650 
aggregate level, the model for the billing period is almost 89% accurate. 651 
 The Annual billing period was estimated to be chosen about 20% 652 
more times than the stated number of times it was chosen. All other 653 
choices were estimated to be within roughly ±10% of the stated value. 654 
Overall, the model did not perfectly estimate the stated information. 655 
However, the overall percent difference was small enough for the model 656 
to be useful. 657 
 658 

 659 
FIGURE 4 Preference for billing period.  660 
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CONCLUSIONS  661 
This paper estimates and analyzes the behavior of the public regarding a 662 
VMT Fee system. A survey questionnaire was used to collect the state 663 
choices with respect to various important aspects of the VMT system. A 664 
multinomial logit modeling framework was used to capture the choice 665 
behavior of the responders. This model included some strong 666 
assumptions, most notably regarding the IIA property. Tests were 667 
conducted to evaluate the impact of this property. The results indicated 668 
that the IIA assumption was not a problem. 669 

Analysis of the pseudo-elasticities showed drastic impacts for 670 
some of the variables in the models. Large percent changes for a 671 
particular alternative showed the need to address the associated reason, 672 
as these large changes potentially represent isolated or uninformed 673 
groups. For example, in the model used to capture the public preferences 674 
for a billing period, two of the variables showed greater than a 100% 675 
increase in the probability for choosing Annually as the preferred billing 676 
period. This makes apparent that both a Monthly and Annual billing 677 
period should be available, initially.  678 

The model also was used to capture concerns about the cost of 679 
implementing a VMT system; the majority of the responses were in the 680 
middle of the choice set, namely, Somewhat Unconcerned and 681 
Somewhat Concerned. More information about the components, 682 
upgrades needed for gas stations, and operating costs will help people 683 
make a better informed decision.  684 

Finally, for the model used to evaluate the level of comfort with 685 
the device used to collect mileage, there was a significant preference for 686 
the extremes, Very Comfortable and Very Uncomfortable. 687 
Demonstrations of a working device as well as information about how 688 
the data will be collected will likely increase the overall level of comfort.  689 

Initially, only a monthly bill is recommended. Although both 690 
monthly and annually were the most popular responses, one bill per year 691 
could be extremely difficult to control, especially for low-income and 692 
high-mileage households. A monthly bill could be implemented to allow 693 
drivers to move to a VMT Fee system and stop paying the fuel tax. It 694 
would also decrease initial costs, eliminating the need to retrofit the 695 
technology at the fuel stations. This will allow more time to develop an 696 
efficient and reliable collection system as well as time to disseminate 697 
more information to the public to increase the overall level of comfort.   698 
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