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INTRODUCTION 

This document is the final report of phase I of the project entitled "Partnership for a New 
Generation of Vehicles Market Acceptance Study". The project was sponsored jointly by the 
U.S. Departments of Commerce, Energy, and Transportation under order number 
40SBTK867125. It was initiated because of the concern of the federal government about the 
market acceptability of future vehicles of the Partnership for a New Generation of Vehicles 
(PNGV). Phase I is intended to develop a methodology, and phase 11, which will be a 
separate activity, is to execute the methodology to answer questions about the market 
acceptance of the vehicles of the PNGV. 

This report is organized as follows. In this introduction are subsections describing the 
background of the project, its objectives, and the method used in this phase. In the follo.wing 
section is an overview of the methodologies identified and reviewed for potential use in the 
second phase of the study. The third section describes the method recommended for 
application in phase 11. Appendix A is a listing of the references containing the methods 
reviewed. Appendix B is a set of tables summarizing the evaluations of each of the metl~ods 
reviewed. Finally, appendix C presents summaries of each of the documents reviewed for 
relevant methods. 

BACKGROUND 

The Partnership for a New Generation of Vehicles is a partnership between the U.S. federal 
government (seven agencies and twenty federal laboratories) and ~aimler~hrysler ' ,  Ford, 
and General Motors. It aims to strengthen America's competitiveness by developing 
technologies for a new generation of vehicles. On September 29, 1993, President Clinton, 
Vice President Gore, and the CEOs of the domestic motor-vehicle manufacturers announced 
the formation of the PNGV. This national government / industry research program also 
includes research support for over 350 automotive suppliers, universities, and small 
businesses. 

The long-term goal of the PNGV is to develop an environmentally friendly car with up ito 
triple the fuel efficiency of 1993 midsize cars without sacrificing affordability, performance, 
or safety. In addition, the PNGV seeks to significantly improve national competitiveness in 
automotive manufacturing and to apply commercially viable innovation to conventional 
vehicles. It is planned to have production prototype vehicles produced by each car company 
by 2004. While initial design work has been focused on the mid-sized family sedan, the 
technologies can be used to develop new high-mileage designs for any light-duty car or truck. 

1 Chrysler Corporation merged with Daimler Benz in 1998. The merged company is DaimlerChrysler, and it 
remains a member of the PNGV. 



Transportation sustainabilit$ is dependent upon both the development of new technologies 
and the behavior of transportation users. This project addresses the interaction of these two 
requirements. A purpose of the PNGV is to develop vehicles that will contribute to a 
sustainable transportation system by consuming less fuel while maintaining lower levels of 
pollutants and climate-change gases, particularly carbon dioxide; and improving vehicle 
safety. The government anticipates that the vehicles developed to meet those goals may lbe 
very different from those now available with regard to type of fuel, infrastructure 
requirements, operating characteristics, and pricing, and that marketplace acceptance is not 
guaranteed. This concern is reinforced by the poor marketplace response to the electric 
vehicle (EV). The marketplace acceptance challenge is that these vehicles initially are likely 
to have a price premium associated with them while utilizing technologies with which the 
customer is not familiar. A reasonable estimate is that they could be thousands of dollars 
more expensive than comparable, but less efficient, cars. The benefits of purchasing these 
cars are that they would use only a third of the fuel (about a $500 annual saving for the 
average American driver) and produce very low emissions. Unfortunately, the benefits from 
a strictly financial standpoint may or may not outweigh the initial costs (though the long-term 
savings on fuel could bring down total operating costs). The vehicles will have many new 
technologies, which may also heighten consumer caution. The challenge is to develop a 
strategy that encourages a significant volume of purchasing of these vehicles given this cost 
differential. On the plus side, the cost will ultimately come down as more cars are sold ;md 
as the technology further matures. 

Part of the motivation to perform this study is the recent availability of results from the sales 
of electric vehicles recently introduced in California. EVs have been available in the Ur~ited 
States for about three years and thus far have had only very few sales or leases, fewer than 
1,700.~ The EV has a driving range between charges of 70 miles in the city and 90 miles on 
the highway and a lease price in the range of $400 per month. The low sales volume of the 
EV suggests that other innovative vehicles might be unacceptable to consumers and, thus, 
would not contribute to the national objective of transportation system sustainability, 
including decreased fuel consumption and air pollution. The experience with the electric 
vehicle firmly establishes that government can mandate production but cannot ensure product 
sales. 

Another factor motivating this study is the anticipation of production of a large number of 
alternative-fueled vehicles. A panel of automotive industry executives predicts that, of tihe 
passenger cars produced in North America in 2007, 5% will use diesel fuel, 2% electricity, 

"A sustainable condition for this planet is one in which there is stability for both social and physical systems, 
achieved through meeting the needs of the present without compromising the ability of future generations to 
meet their own needs." (United Nations World Commission on Environment and Development, 1987) 

The World Bank in 1996 defined sustainable transportation as embodying three main components: "(a) the 
economic and financial component, which includes issues of adequacy of transportation infrastructure funding, 
organization, and scale; (b) the environmental and ecological component, which includes issues ofhow 
transportation investments and mode options influence travel and land use patterns and how these in turn 
influence energy consumption, emissions, air and water quality, and habitats; and (c) the social componenl, 
which emphasizes adequate access to transportation services by all segments of society." (Sustainable 
Transport. Washington, D.C.: The World Bank) 
4 Automotive News, September 14, 1998. "High Cost, Low Range Keep U.S. Electric-Vehicle Sales Sputtering", 
p 3,17. 



and 5% hybrid-electric/combustion fuel technology.5 Billions of dollars are required to 
develop new vehicles. In the long run, from a business perspective, demand for alternatiive- 
fuel vehicles needs to be adequate to contribute to the profitability of the firm. To avoid 
repeating California's experience, alternative vehicles that consumers truly want or need. 
must be ]produced. 

OBJECTIVE OF THE STUDY 

The original purpose of this project, which was planned to be divided into two phases, was to 
collect information and perform analyses that would assist the PNGV in developing a 
technology strategy that would contribute to marketplace acceptance of PNGV vehicles, 
thereby achieving decreased fuel consumption and air pollution. Phase I is intended to 
develop a methodology, and a separate phase I1 is to execute the methodology to address the 
following questions. 

Will the American public buy high-mileage vehicles that will meet the PNGV targets 
(i.e., up to 52 and 80 miles per gallon) given some of the differences between these 
vehicles and their lower-efficiency counterparts? These differences include: 

Higher purchase price 
New propulsion system 
Lower total vehicle weight 
Possibly less storage space. 

For both the 52- and the 80-mpg cases, what incentives and other marketplace stimuli 
(for example, education, government incentives, regulations) would significantly increase 
marketplace acceptance? 

After the completion of most of the work of the study, the authors and sponsors agreed (April 
12, 1999) to revise the objective statement to: 

Under what conditions will the market accept PNGV technologies and fuels in vehicles in 
the United States? 

Acceptance of PNGV technologies, fuels, and vehicles is highly dependent upon the 
availability of the infrastructure to support them. This study focuses on the former and leaves 
the consideration of infrastructure to other studies. 

METHOD 

The original objective of phase I of the study was to develop a methodology for generating 
answers to the questions stated above. That methodology must be capable of handling 
technologies and fuels that are different from those used in current vehicles. In order to 
address those questions, the following tasks were undertaken. 

5 Cole, D.E. and G.F. Londal. Delphi IXForecast and Analysis of the North American Automotive Industry. 
Volume 2, Technology. Ann Arbor, MI: Office for the Study of Automotive Transportation, University of 
Michigan Transportation Research Institute. 1998. 



Literature searches were conducted on fifteen major databases (indexes) and through the 
libraries of the University of Michigan and the World Wide Web. Searches were conducted 
for the time period 1990 through the present. The following keywords were used in various 
combinations in the searches. 

Alternative Fuels 
Consumer Acceptance 
Consumer Preference 
Demand 
Demand and Innovation 
Diffusion and Innovation 
Durable Goods 
Efficient Vehicles 

Electric Vehicles 
Estimating Demand 
Forecasting 
Market Potential 
New Consumer Products 
New Product Technology 
PNGV 
User Acceptance 

The searches resulted in several hundred books, articles, and reports being identified by either title or 
abstract. Abstracts were obtained for all titles that appeared relevant to forecasting the marketability 
of really new products, including (primarily) durable goods and innovative automobiles. These 
abstracts along with the ones originally identified were reviewed for relevance. For those that were 
relevant, the complete document was obtained. These were then reviewed in their totality. 

Part of the review included searching the bibliographies of the documents collected for additional 
documents of relevance to the project. Some documents thus identified predate 1990. 

Of the hundreds of titles originally identified, sixty-six documents have been identified as describing 
methodologies that have been used in forecasting the marketability of really new products. ;Many 
documents were discarded because the description of the methodology was inadequate or because the 
content was irrelevant (despite a title that indicated relevance). These sixty-six documents have been 
summarized in a standardized format and included in this report as appendix C. The standardized 
format for each document includes: reference, keywords, abstract, method, and evaluation reported 
by the author. A complete list of the references is in appendix A. 

Keywords for each document were selected from a preestablished list that was appended as 
necessary. The complete list is shown in table 1. Following the review of the various candidate 
methodologies, they were summarized in a set of tables that organized the methods by type: 
economic models, product clinicslfield tests, surveys, and other. The evaluations of these m.ethods 
are summarized in the tables of appendix B. 

Based on the evaluations reported by the document authors and the experience of the project team, 
the different methods were reviewed for potential use in development of a method to estimate 
demand for the PNGV vehicle, and a recommended method was constructed from the various options 
available. 



TABLE 1 
rnYW0RDS 

Method 

Bayesian updating procedure 
chi-square 
conjoint analysis 
consumer flow model 
cost analysis 
daily travel distributions 
Delphi 
demand estimation 
diffusion model 
disaggregate econometric studies 
discrete choice analysis 
dynamic latent class models 
econometric 
economic model 
economic criteria 
economic incentives 
empirical evaluation 
explicit purchase probability 
factoring 
forecast 
gaming simulation 
hedonic price analyses 
image factor analysis 
incentive analysis 
interviews 
Kalman filter 
logistic regression 
logit 
market research 
market simulations 
marketing theory 
maximum likelihood methodology 
methods survey 
multiattribute utility model 
multinomial logit 
multinomial model 
multistage approach 
new product research 
new product-concept positioning 
optimization 
orbit model 
ordered choice model 
policy analysis 
preference analysis 

preference reversals 
probability estimate 
product demonstration 
qualitative choice analysis 
reflexive design 
regression 
scenario development 
simulation 
survey 
technological substitution model 
test vehicle 
tobit model 
travel demand models 
user survey 
utility theory 
vehicle field test 
willingness to pay 

Product 

airbags 
alternative fuel vehicles 
alternative fuels 
automobile 
color televisions 
computers 
consumer durables 
diesel 
electric vehicle 
hybrid vehicle 
intelligent transportation systems 
intelligent vehicle highway systems 
limited-range vehicles 
low-scan televideo 
motor vehicles 
natural gas vehicles 
nondurable products 
personal vehicles 
PNGV 



Output 

consumer acceptance 
consumer attitudes 
consumer choice 
consumer expectations 
consumer intentions 
consumer preferences 
consumer surplus 
emissions 
environmental concerns 
fuel consumption 
gross domestic product 
housing 
incentives 
infrastructure 
market acceptance 
market potential 
personal market potential 
potential customers 
product demand 
purchase behavior 
purchase intention 
ratings 
regulation 
vehicle size classes 
vehicle usage allocation 

Scope 
activity-based 
commercial sector 
fleet 
household fleets 
housing 
life cycle 
vehicle owning companies 
smokeless cigarettes 
solar power 
video product 

consumer marketing 
driver logs 
experts 
focus groups 
in-person interview 
interactive stated response 
longitudinal survey 
mail survey 
mixed mode 
national household panel data 
non-random sample 
panel study 
probabilistic sample survey 
product clinic 
questionnaires 
random sample 
sales data 
sample 
secondary data collection 
stated preference surveys 
stratified random sample 
survey data 
telephone interview 
test market data 
travel diaries 
travel surveys 
trip length 
trip purpose 
user group interviews 
vehicle-range requirement 
workshop 



OVERVIEW OF CANDIDATE METHODS FOR ESTIMATING MARKET ACCEPTANCE 
OF PNGV TECHNOLOGIES AND FUELS 

There are many methods available to forecast the market acceptance of new vehicle technollogies and 
fuelsS6 How well the different methods work is discussed in turn below. To introduce the topic of 
purchase of new vehicle technologies and fuels, it is useful to consider the acceptance of innovative 
vehicles over the last four decades. Asking the questions of which ones were successful in the 
marketplace and why this was so gives insight into what are the requirements of a forecasting method 
and what incentives or policies or external factors are necessary for success. 

HISTORICAL ACCEPTANCE OF INNOVATIVE VEHICLES 

A fundamental question is why do people buy vehicles, and particularly innovative vehicles. Four 
significant successful innovative vehicles (not necessarily high-tech) over the last four decades are 
the VW Beetle in the 1960s, small cars in the 70s, minivans in the 80s, and sport-utility vehicles in 
the 90s. The Beetle was a low-cost, unusually styled vehicle in the United States in the 196Os, 
favored by young people. It was both affordable and had a cult following. The fuel shortages and 
high fuel prices of the 1970s, coupled with Corporate Average Fuel Economy Standards (CAFE), 
fostered the growth of sales of small, higher miles-per-gallon (mpg), cars. In the 1980s, the leading 
edge of the boomers with their expanding families supplied the demand for minivans that offered 
more space in a vehicle that drove like a car and had relatively favorable fuel economy and price. 
The 1990s saw the tremendous increase in the demand for sport-utility vehicles. Despite their 
relatively lower fuel economy and higher emissions, and spurred by the record-low price of fuel, 
sales skyrocketed. Buyers sought more space and the safety and security offered by these large, 
high-profile vehicles. Another vehicle innovation of the early 1990s was the Saturn. It was not so 
much the vehicle technology, but the sales experience and service associated with it that were 
innovative. It drew a large demand from a population seeking a reliable car of moderate price who 
were attracted to Saturn's one-price, low-sales-pressure atmosphere. 

The factors that supported the success of these vehicles are desired vehicle characteristics (interior 
space, safety, security, fuel economy, good service) coupled with demographics (boomers), 
economics (income levels - both high and low - by societal segments), and governmental policy 
(CAFE). Essentially, the auto industry supplied what people wanted, and exogenous factors fell into 
place to support the purchases of these innovative vehicles. The questions for the PNGV are what 
will people want in 2004 and beyond, and what exogenous variables can be influenced or controlled. 
The latter factors are those that will be the basis for incentives or policy and are discussed below. 

DEMAND FOR A PNGV VEHICLE VERSUS PNGV TECHNOLOGY AND FUELS 

The value that a PNGV vehicle, as originally described, offers to prospective buyers is increased fuel 
economy, decreased pollution, and new technologies. There are two issues that make the first two 
attributes of little importance to potential buyers. One revolves around the tragedy of the commons: 
essentially, there is little financial motivation for one person to spend the resources to make a 
marginal improvement in the environment because the benefit he individually derives is very small. 

- - - - - - - 

Pnor methods include guesstimates, Delphi studies, payback model, revealed preference models, and stated p~peference 
models. (Patterson, Philip. "PNGV Market Analysis: Some Thoughts". Presentation. Washington, D.C.: U.S. 
Department of Energy. August 3, 1998.) 



In fact, his costs far outweigh his benefits. Second, the price of fuel is so low currently, that fuel 
economy is not a major factor in new-vehicle-purchase decisions at this time. It is interesting to 
consider that when a consumer pays an amount for a feature, say an airbag for safety, s h e  m.ay 
derive a great deal of benefit (e.g., life saving) directly from that expense. On the other hand, if that 
consumer pays an amount for an environmental enhancement, s h e  derives only 1/5,000,000,000 of 
the benefit (shared with the rest of the population of the world). Why then, would anyone voluntarily 
pay for an environmental enhancement? It is necessary for many people to do so before either 
societal or individual benefits are reaped. Though there is research that shows the importanc:e people 
place on environmental issues, those attitudes do not necessarily translate into actions such a s  
purchase of environmentally friendly vehicles.' The likelihood of purchase of such a vehicle may be 
increased if people believe that they are acting as part of a larger group with the same goals ;and 
expected behavior. 

There are several reasons that people would not want to purchase a PNGV vehicle as originarlly 
described. The characteristics of such a vehicle which would probably make it unattractive are its 
new but unproven technology, its unproven reliability, its lighter weight and the resultant peirception 
of decreased safety, uncertainty about refueling, its possibly smaller storage space, and its higher 
price (possibly 10% above its list price). 

In order to sell a PNGV vehicle as originally described, it will be necessary to overcome some of the 
consumer concerns with the vehicle. Methods to do this include providing something that thie buyer 
will want, or incentives, or perhaps an education program. For example, people want and pary for a 
desirable image in a vehicle. Incentives such as large taxes on traditional fuel, or free nontra~ditional 
fuel, or subsidies or rebates to those who purchase the vehicle might influence people to buy or lease 
such a vehicle. It will be necessary to include incentives in the demand estimation because they will 
be part of the package that the consumer is likely to face in the marketplace. A program to elducate 
the consumer of the benefits (individual and societal) of purchasing a PNGV vehicle might provide 
the extra push needed for some people to buy it. An understanding of the externalities related to the 
demand will be necessary in interpreting the results of any forecasting method used.' 

7 Interestingly, according to a recent survey reported April 1999, p. 46, in American Demographics, nearly half of the 1000 
respondents indicated they were very concerned about the environment, with 33% of respondents saying that air pollution 
was the most serious environmental threat. Respondents were asked to rank from 1 to 10 their priorities for 
environmentally related automobile improvements. Three of the top five were: (1) use less gasoline (8.23 average 
ranking), (2) reduce harmful tailpipe emissions (8.16), and (3) use alternative fuel rather than electricity (7.23). 

Leiby and Rubin examine the transitional period of alternative fuels and vehicle use. The authors state, "The long run 
penetrations for alternative fuels and vehicles.. .are not likely to be achieved without measures to encourage the expansion 
of vehicle production and fuel availability." Their model (TAFV) is a dynamic optimization model (nested multinomial 
logit) that integrates fuel supply and demand, vehicle production, and how these would be affected by changes in 
mandates, subsidies, and tax credits. (Leiby, Paul and Jonathan Rubin. The Alternative Fuel Transition: Draftj'inal 
results from the TAFVModel of Alternative Fuel Use in Light-Duty Vehicles 1996 - 2010. Review Copy. Oak ]Ridge: 
Oak Ridge National Laboratory. 1998,) 



INNOVATORS AND IMITATORS 

The first buyers of new technologies are often referred to as the innovators. These are followed later 
in the marketplace by the imitators and then the laggards. There are several examples of this pattern 
in which sales start slowly with the innovators, and the future sales of the target product can be 
forecast based on the early sales.g The underlying principle is that once the imitators see tha~t the new 
product works and that others are successfully using it, they, too, will acquire it. 

It is expected that the first buyers/leasers of the PNGV vehicles, technologies, and fuels will be either 
strong environmentalists or those who tend to be high-tech innovative purchasers. If the vehicle is an 
entry level vehicle, then younger buyers may be more willing to take on the role of early adopters. 
This was the ccase for the early Beetles and Saturn. A way of approaching the estimation of demand 
for these is to look for purchases by these groups (which could be called innovators) in the initial 
years of the offering of the PNGV vehicles, technologies, and fuels, followed in turn by the imitators 
and laggards in the following years. There are several problems in attempting to forecast PNGV 
demand based on the behavior of innovators and imitators. First, there is no existing initial innovator 
demand history. Second, there is not a model that can do the initial forecasts. Third, there is; not an 
adequate definition of innovators. Higgins (1992)1° presents a procedure to do this, but it is probably 
not applicable to new-vehicle purchases. Kurani (1993) discusses the difficulty of disaggregating 
potential electric-vehicle buyers by the categories of environmentalists and innovators who .would 
most likely be the first purchasers of PNGV products. 

OVERVIEW OF MATHEMATICAL MODELING APPROACHES 

There are several mathematical options available for estimating the demand for PNGV technologies 
and fuels from the methods reviewed, not one of which is a clear winner. 

Two standard ways to estimate demand for transportation services or vehicles are aggregate-demand 
econometric models and discrete-choice (individual) models that then must be aggregated over the 
population. Much has been written on these. See, for example, an overview of limitations of the 
aggregate models by Richardson et al." Besides the inherent computational difficulties, the most 
important drawback to using econometric models is that historical databases of both the dependent 
and independent variables are required to forecast the future. If the historical series on a variable of 
interest does not exist, that variable cannot be included in the model. Even if the perfect set of 
independent variables was specified, it would be impossible to forecast PNGV demand accurately 
because there is no historical series on PNGV demand to use in estimating the coefficients of the 
model. A way around this is to use demand for a surrogate variable (another car, for example) in 
estimating the model. But, there is no appropriate surrogate vehicle. The one that comes closest is 
the electric vehicle, but it is not adequate because of major differences such as size, refueling 
requirements, and range restrictions, especially the latter. Further, of the many EV forecasts 
reviewed in the literature search, none has been shown to be reliable when "actuals" and "predicteds" 

9 For instance, Heeler (1980) states, "Innovators.. .are the first to purchase new products. As time progresses, a.doption 
decisions become increasingly influenced by the process of word-of-mouth communication." The author says Ithat while 
his model's predictive ability is limited in the early years, if parameters of innovator adoption can be established, the 
model becomes much more reliable as a predictive tool of imitator and laggard adoption. 
10 Citations of this format have been reviewed for this study and are summarized in appendix C. 
I I Richardson, B. C., K.B. Joscelyn, and J.H. Saalberg. Limitations on the Use ofMathematica1 Models in Transportation 
Policy Analysis. Ann Arbor, MI: UMI Research Press, an Imprint of University Microfilms International. 1979. 



are compared. Even within an individual study (Pohl 1998) that compared the results of a m.ode1 
with a field test, the comparison showed the lack of accuracy of the model. 

The other primary modeling method, discrete-choice models, estimates the probability that an 
individual will purchase a specific choice from a set of choices. The drawbacks of discrete-choice 
models, used for estimating both vehicle and mode demand, are that an observation of behavior is 
necessary and that the aggregation of the disaggregate data is not reliable. None of the documents 
reviewed in this study reported accurate forecasts using this methodology. 

A third, less widely used, modeling method, is the disaggregation of characteristics of the vehicle or 
mode to determine demand. This method appears in different disciplines under different names. 
While different in approach, the essence is to break the product down into its characteristics and 
estimate the value of, or demand for, the whole based on the sum of its parts.12 In economics, this 
method is called the Lancaster Consumption Model (Ryans 1974). In transportation demand 
modeling, it is called the abstract-mode model or attributes model. The challenge in this 
methodology is that the respondent may not know enough about the product to respond appropriately 
to questions about it. This method would not be useful in estimating the demand for the PNGV 
because there is only theoretical, untested work on this in nonautomotive, noninnovative products. 

Another mathematical-modeling method is related to those above and generally referred to as 
hedonic modeling. In this method, demand for the product is estimated based on the value people are 
willing to assign to different products that manifest different attributes. Empirically, prices or 
revenue for a large number of vehicle types is correlated with differences in key attributes at;ross the 
models. A dollar value can be assigned for change in the level of each attribute. Hedonic modeling 
can be accomplished at low cost through the use of existing information regarding actual vehicle 
sales. Fairly precise estimates of the relative value of marginal differences in vehicle attributes can 
be determined with this method. However, the technique is limited, of course, by its reliance on 
historical information. The market value of large changes in product attributes cannot be reliably 
estimated through the use of this information. Also, the lack of reliable and precise price data or 
revenue information by vehicle model has restricted the use of this estimation technique. 

OVERVIEW OF FIELD TESTS AND CLINICS 

Field testing and product clinics are both good ways of understanding consumer responses to 
different products or aspects of products. In both cases, however, it is necessary to have a product to 
test. Although there are different technologies and fuels to test at this time, they are not packaged, as 
they will be five years from now, and are likely to be perceived by the consumer as incomplete or 
inferior. Further, after clinics and field tests, a survey of a random sample of the population would 
still be required to generalize to the population as a whole. There is no PNGV vehicle availiible at 
this time to test. Simulation testing, such as that by Urban et al. (1996) has limitations such as the 
high cost of doing the testing and the requirement of a great deal of managerial judgment in 
estimating demand. 

- - 

12 For example see Calfee (1985) which employs discrete choice analysis to estimate EV demand using fully disaggregated 
vehicle attributes. Attributes considered were price, operating costs, capacity, top speed, and range. 



OVERVIEW OF SURVEY APPROACHES 

There is a strong history over the past fifty years in the U.S. of the use of surveys to measure buying 
behavior as well as attitudes. The U.S. government uses the monthly Bureau of Labor Statistics' 
Consumer Expenditure Survey to produce the Consumer Price Index (CPI), and the monthly Current 
Population Survey is used to measure labor force characteristics, labor supply, labor force 
participation between demographic groups, and wage rates and earning trends for specific groups. 
There are a variety of social science research projects such as the government-funded Index of 
Consumer Expectations which tracks the current attitudes of Americans about their near-term 
economic prospects and is used as a leading indicator of economic recession, and the Panel Study for 
Income Dynamics which follows the effects of the economy on individuals and families over time. 
These surveys have yielded accurate estimates of consumer buying behavior based primarily on the 
representativeness of their samples to the U.S. population, the correct method of administration of the 
survey, the proper set of questions asked, and the correct analyses performed on the resulting 
collected data. These issues cannot be over-emphasized in their importance to the survey process. 

Collection of data for a study is itself is a highly specialized area of practice. One could colllect 
primary or secondary data. Within primary data collection, probabilistic sample surveys or 
nonprobabilistic surveys can be conducted. Among the probabilistic samples are random and 
stratified random samples. Non probabilistic surveys include convenience samples and focus groups. 
In order to be able to generalize the results of the survey to the population of interest, it is necessary 
to draw a random sample. 

Focus groups are useful when conducted with a relatively small group of people, perhaps seven to 
ten, for the purpose of determining what these specific individuals think about a certain topic. They 
are not useful in determining what the entire population thinks about that topic, nor in determining 
how they will behave regarding a specific product. However, they are very useful in providing 
guidance on what topics should be explored in surveys. Such surveys can be administered to a 
sample of the population in such a way that the results can be generalized to the entire population 
being studied. 

Surveys can be administered by mail, by telephone, in person, by computer, or by a combination of 
modes. Further, within each of these categories, there are various ways to collect the data requested, 
for example, by computer-aided personal interview or by self-administered questionnaires. 

The way that questions are asked has a great influence on the quality of the responses. A frequently 
used method in survey research is to ask consumers if they will buy a certain product. This is 
referred to as the stated-preference method.13 This method is quite unreliable in forecasting demand 
in comparison with revealed preferences. Revealed preferences are those expressed by the actual 
purchase of the product in question. Another method used in survey research is questioning; 
respondents about purchase probabilities. Juster (1 966) has shown that purchase probabilities are 
much better than buying-intention data in forecasting accurate motor-vehicle demand. These 
probabilities are quite accurate in determining the differential likelihood of consumers purchasing 
one product in relation to another. 

-- - 

l3 See Moore et al. (1998) where consumer-derived utilities for various vehicle attributes were estimated from data 
collected in a 1995 national stated preference survey. 



Finally, there are many ways of analyzing the data that are collected through a survey. Generally, 
these include descriptive analysis, data reduction, inference, and prediction. Each of these has a wide 
range of specific analytical techniques available to use,I4 

14 Barabba, Vincent P. "The Market Research Encyclopedia". Haward Business Review. Jan-Feb 1990. 



RECOMMENDED APPROACH FOR PHASE I1 

The recommended approach for estimating the market acceptability of PNGV technologies and fuels 
in vehicles in the United States beginning in 2004 is to begin with a small number of focus groups. 
Following that will be a selection of a random sample of new-vehicle purchasers of both fleet and 
non-fleet vehicles. A separate telephone survey will be performed on each of these sets of recent 
buyers (based on their past five years' purchases) focusing on the new vehicle buying decision 
process, particularly whether a buyer is an innovator, imitator, or laggard in terms of adopting new 
technologies/vehicles. This survey will also include respondents' attitudes toward alternative 
fuels/technologies/vehicles, possible incentives, and purchase probabilities for these types of 
vehicles. Analysis of the data will follow in which generalizations of the concepts measured will be 
explored, and matched to household population to generate potential demand estimates. 

Several of the documents reviewed in this study provide methodological and subject-matter 
guidance, and they will be used in developing the survey instrument. For example, Golob et al. 
(1997) used computer-aided telephone interviews (CATI) to conduct their surveys and point out 
some of the limitations of vehicle trials. Morrison (1979) provides guidance on how to ask (questions 
on future vehicle purchases. Segal(1995) suggests questions for use in forecasting demand for 
alternative fuel vehicles. Walls (1996) describes, through a Lancasterian model approach, methods 
of differentiating vehicle characteristics to obtain a better understanding of the value consumers place 
on such characteristics. A similar approach is used by Donndelinger and Cook in which they analyze 
the value of automobiles to customers with a focus on improvements to specific attributes.I5 
Turrentine et al. (1 992) suggests a set of issues important in the vehicle purchase process. 

FOCUS GROUPS AND INTERVIEWS 

Approximately ten focus groups will be held throughout the United States with individual purchasers 
of new vehicles. Five will be for recent buyers of new passenger cars, and five will include recent 
purchasers of other new light-duty vehicles. These will be held in different regions throughout the 
country in cities such as Los Angeles, Chicago, Detroit, New York, and Atlanta. 

Participants will be identified and invited to attend. A facility will be identified and booked. A focus 
group facilitators' guide will be developed and used in leading the discussions. The discussions will 
be structured to the extent required to elicit responses needed for developing questions for the survey. 
No attempt will be made to influence the thoughts of the participants. Visual aids or hands-on 
technology will be used as considered appropriate for the focus groups. 

In addition, a separate set of face-to-face interviews will be conducted with fleet purchasing 
managers in the same cities and at the same time as the focus groups. These interviews will focus on 
identifying the issues these managers face when deciding on potential alternative fuel vehicles. The 
purpose of these interviews, like the focus groups, will be to guide the development of a phone 
interview survey with fleet purchasing managers. Though these focus groups will give researchers 
insight into the opinions of the participants, these people do not represent the total population of new 
vehicle buyers and thus cannot be used to generate reliable estimates of demand or the market 
conditions that will lead to consumer acceptance of these vehicles. Only a random sample of the 
total U.S. vehicle buying population can generate these estimates. 

Donndelinger, J.A. and H.E. Cook. "Methods for Analyzing Automobiles". SAE Paper No. 970762. 1997. 



TELEPHONE SURVEY OF NEW-VEHICLE-BUYING HOUSEHOLDS 

Random Sample of New-Vehicle-Buying Households 

The basis for estimating market acceptance or the market conditions that will facilitate the sale of the 
PNGV vehicle will be a consumer telephone survey based on a random sample of new-vehicle- 
purchasing households. The random sample of new-vehicle-purchasing households (non-fleet) over 
the last five years will be obtained from The Polk Company (formerly R. L. Polk & Company). The 
Polk Company, the primary provider of this type of data for the U.S. market, maintains household 
automotive purchases (based on vehicle registrations and manufacturer sales data) for all fifty states 
going back thirty years or ten vehicle purchases (new or used). Though vehicles are registered 
individually, the high cost of a new vehicle makes the purchase a household decision and is based on 
the needs of the household's fleet needs. Some early research on electric vehicles speaks about 
"hybrid households" where it was hypothesized that an electric vehicle would be a possible 
replacement for the part of the household fleet that does not travel more than 80 miles a day (due to 
the range limitation of electric vehicles). Though the vehicles in this proposed study do not have the 
range limitations of electric vehicles, households may in fact be looking at themselves as hybrid 
households as they decide whether to purchase an alternative vehicle. For early purchasers there will 
be more unknowns with alternative vehicles than with conventional vehicles, and householdls may 
balance the risks involved within the context of the household's fleet. 

The project team chose to use a random sample of recent new-vehicle-purchasing households rather 
than a random sample of all households because they believe that previous new-vehicle-purchasing 
households more realistically represent the sampling frame of households that are more likely to 
purchase a new vehicle compared to households that have not purchased a new vehicle. Left out of 
the sample are households that have not purchased a new vehicle over the last five years. Tlhis 
includes households that have never purchased a new vehicle as well as those that may have 
purchased a new vehicle six years ago or longer. Having a sample composed of buyers over the five- 
year span provides views of buyers who have recently purchased a vehicle as well as those who may 
be considering another purchase. 

A sample of 3000 households will be drawn randomly with a set of 2000 used for the initial survey 
with the remaining households re-sampled and used to supplement the survey as needed. The project 
team expects a 65% response rate for this telephone survey and estimates 1000 interviews will 
provide the confidence needed to perform the analyses for this project. This sample size will1 yield a 
confidence interval of plus or minus three percent for the analyses for the study. 

The decision to use a telephone survey is based in part on the traditionally low response rates 
generated by mail surveys. Despite numerous re-mailing and follow-up of non-respondents in mail 
surveys, response rates for mail surveys continue to hover in the 20%-30% range. But telephone 
surveys, as performed by the Survey Research Center of the Institute for Social Research at the 
University of Michigan, in combination with letters mailed in advance of the first call consir;tently 
yield response rates of 60%-70%. Telephone surveys offer the respondent a variety of times in 
which to respond and keep the respondent focused for the 25-30 minutes needed to complete the 
interview. They also elicit a higher level of commitment by the respondent because of the personal 
contact involved. Also, trained interviewers are able to sort out and help respondents who may need 
help with some of the concepts of this admittedly complex topic. The drawback to phone interviews 
is the cost of the interview. Estimates for one phone interview are around $100, while mail 
questionnaires cost much less, but often reflect a non-respondent bias. 



The crucial question becomes one of representativeness. Taking the highest average response rate 
for each method, if only 30% of the sampled population responds to a mail questionnaire, 70% of the 
sampled population is not being represented. This is in comparison with a phone interview in which 
70% of the sampled population is represented, and 30% is not represented. Clearly, a reader would 
have more confidence in a survey that had a 70% response rate. 

A separate sample of fleet managers will be drawn from The Polk Company's fleet list. Fleet 
purchases represent about 20% of annual light vehicle sales. They are considered good targets for 
alternative-vehicle sales because of their volume purchases and their internal, common fueling 
facilities or their general willingness to experiment with alternative vehicles given appropriate 
incentives. A response rate of 60%-70% for the telephone survey is expected from a sample of about 
500 companies nationally, resulting in about 250 interviews. The sample draw will be weighted by 
the number of vehicles purchased by the company, so companies that purchase 200 vehicles for their 
fleet will have a higher probability of being drawn than companies that purchase 10 vehicles. 

Interview Design, and Administration 

The University of Michigan project team, in collaboration with project sponsors, will develop the 
interview questions using focus group, fleet interviews, and other input. As previously stateld, the 
interview will include sections on the new-vehicle-buying decision process, respondent attitudes 
towards alternative fLels/technologiesl vehicles, purchase probabilities for these types of vehicles, 
and the effects of possible incentives. Care must be taken not to overly influence respondents either 
through literature or the interview process to prefer alternative vehicles over conventional vehicles. 
One of the key issues in the new-vehicle-buying process is finding out how consumers narrow their 
choices of all the potential vehicles available to them, thus generating a smaller consideration list that 
is used to make their final decision. Finding out how an alternative vehicle can make it onto the 
consumer's consideration list will be a topic for both the focus groups and the interviews. 

One of the tasks to be completed will be the selection of the combination of technologies and fuels to 
include in the survey. This will be done in conjunction with the sponsors of the study. It is 
necessary to specify these items at the beginning of phase I1 of the project as opposed to the end of 
phase I because of the rapid development of new technologies and the lack of certainty of the 
inclusion of present-day considerations in the vehicles of the future. It will be necessary to specify 
the technologies and fuels that will be considered to be PNGV-related as well as the attendant 
benefits of these technologies (higher mpg, lower emissions) and real or perceived limitations 
(vehicle: interior space, range, safety, reliability; cost: vehicle, fuel, taxes; convenience: repair, 
reheling; and other factors).16 ~ ~ r e e m e n t  on the combinations of vehicle and fuel innovations, their 
implications for the vehicle, its use, cost, incentive options, and time horizon of the forecast will also 
be required. 

Another issue to be decided is the range of public policy alternatives that will be included in the 
survey. There are two general ways in which public policy can influence the rate of technological 

16 Maples et al. develop a discrete-choice, multi-attribute logit Vehicle SizeiConsumer Choice (VSCC) model to help 
define the successful introduction of technologies in light vehicles by vehicle size class. The consumer demancl for 
alternative vehicles is defined as a function of the vehicle attributes and the type of fuel used. Vehicle attributes were 
disaggregated from historical vehicle purchase data, and then market penetration estimates were calculated by summing 
the consumer-derived utilities that are associated with alternative fuel vehicles. This study will build upon the vehicle 
attributes noted in Maples' study and, through the household survey instrument, gather consumer purchase probability data 
to derive market penetration estimates. 



adoption. Traditional command-and-control regulatory policies, such as manufacturer production 
mandates, can serve to dramatically increase adoption rates of PNGV technology, but in an era of 
strong forces acting upon the economy-such as historically low gasoline prices-the increased 
adoption of PNGV technology will be seen as questionable, at best. However, market-based 
incentives, especially incentives that are indexed to an economic condition, such as subsidies that 
increase as the price of gasoline decreases, or vice-versa, are more likely to encourage strong long- 
term PNGV technology adoption. A combination of these two policy approaches, such as vehicle 
production mandates together with a purchase tax credit, could be the logical solution. A th.ird 
approach, education of the public about the benefits of PNGV technology, should be adopte~d 
coincidental to one or both of the other approaches. Table 2 lists candidates for public policy 
alternatives. It includes incentives, disincentives, and educational programs identified during the 
literature search. It will be necessary in phase I1 to agree with the sponsors upon the ones to be 
included in the survey. 

Following decisions regarding the specifics of the fuels and technologies and incentives, the survey 
instrument will be developed in order to determine market conditions that will lead to the purchase of 
PNGV fuels and technologies. This will require careful attention to detail so that the accuracy of the 
estimation will be maximized. The focus of the survey will be on purchase probabilities. Tlhe 
essential structure of questions is to ask an individual to indicate the likelihood of purchase (on a 
scale of 0 to 100) of a specific technology or bundle of technologies given different prices of that 
technology or bundle of technologies. It will be necessary in conducting the survey to expla.in 
enough of the he ls  and technologies so that the respondents can answer the questions or, prior to the 
survey, mail them an informational package on the topic. As mentioned before, the challenge in a 
study of this kind is not to overly influence respondents to prefer alternative products over 
conventional products. Consumers who know little or nothing about these types of vehicles can very 
easily be persuaded to prefer them. The challenge for this survey will be to find how an alternative 
vehicle or technology can make it onto the consumer's consideration list and what they thinlc their 
true purchase probability will be in the future. 



TABLE 2 
PUBLIC POLICY ALTERNATIVES 

Clean Air Act-Tier Two emission standards 
CAFE standards 
Fleet Alternative Fuel Vehicle purchase requirements1' 
California Air Resources Board ZEV and ULEV mandates (manufacturer production quotas) 
Mandated public access refueling sites 

Incentives 

Federal income tax credits 
StateFederal income tax reductions 
Sales and use tax reduction-initial purchase and support equipment 
Personal property tax reduction 
Direct grant 
Low interest loans 
Rebates 
Exemption from transportation control measures: 

Unrestricted use of high occupancy vehicle lanes 
FreeiReservedPreferential parking 
Reduced toll fees 

Vehicle registration fee reductionlwaiver 
Reduced leasing rates 
Exemption from emission inspections 
Infrastructure tax credits-for example natural gas refueling stations 
Emission reduction credits 
Fuel tax exemptions 
Prohibitions on vehicle insurance surcharges 
R & D grants 
Manufacturers' tax credits 

Education 

Net Present Value comparison of PNGV vehicle versus conventional vehicle 
Societal benefits of increased mpg and decreased emissions 
Information about new technologies and their potential benefits to consumers and society 

" Leiby and Rubin (1998) state, "In the absence of any specific requirement that fleet AFVs use alternative fuel, fleet 
AFV purchase mandates may be met with dual- or flex-fueled vehicles, and little alternative fuel may be used. llowever, 
if fleet AFVs are also mandated to use some fraction of alternative fuel, and if they refuel at publicly accessible 
commercial stations, then the barrier of limited retail fuel availability is diminished." 



Questions will be asked regarding future purchase probabilities. It is a hypothesis that the demand 
will begin slowly and increase over time. This generally occurs because the technology improves, 
becomes less expensive, and becomes more visible and more accepted by consumers, or when 
government regulation drives adoption. 

While no method ensures perfect estimation of future behavior, purchase probabilities across 
different combinations of technologies and fuels yield a reliable estimate of the relative proba.bilities 
given different prices. Juster (1966) notes that "purchase probabilities explain about twice as much 
of the cross-section variance in automobile purchase rates as buying intentions." Further, this study 
will yield unbiased estimations of the purchase probabilities, and the error on the output based on the 
planned sample size is 2 3%. High accuracy results with purchase probabilities regarding demand 
for fuel alternatives are corroborated by ~reene."  

In sum, no other method has been demonstrated to produce accurate estimates of demand for 
innovative motor vehicles and technologies; the relative accuracy of the results of purchase 
probabilities in comparison with other survey question methods is compelling; and purchase 
probabilities have been demonstrated to be superior to buyer-intention data. This method is being 
applied in other areas in which measures of future behavior have been developed and are proving to 
be reasonably accurate. 

Once designed, the interview will be reviewed by the interviewing organization's staff and 
programmed into the CATI (Computer Aided Telephone Interview) module. With this program, 
interviewers will enter responses directly onto a computer screen while speaking with respondents, 
eliminating the cost of data entry at the end of data collection (though the savings involved in 
eliminating data entry are absorbed in the upfront programming of the questionnaire). 

Pre-testing the interview will take place after the CATI programming . Interviewers will be trained 
concerning the questions to be asked and will interview 20-30 households to test the CATI 
programming as well as the questions in the survey, looking for inconsistencies or breaks in logic 
that confuse or bias respondents. These interviews will be analyzed, and the interview will be 
revised based on the findings. 

ANALYSIS OF RESULTS 

Analysis of the results of the survey will be designed to answer some of the questions that challenge 
the alternative-vehicle portion of the automotive industry. These questions include: 

What is the likelihood of recent new vehicle buyers (and fleet managers) purchasing a vehicle 
with PNGV fuels or technologies during its first and subsequent years of production? 
How do recent buyers (both fleet and non-fleet) view alternative technologies/fuels/vehicles? 

a What could be done to promote alternative vehicles within the public domain? 
What are the barriers and facilitators to alternative vehicles' entry onto the potential buyer's 
(both fleet and non-fleet) consideration list? 
What purchase decision factors have the most effect on potential buyers' final decision to 
purchase a conventional or an alternative vehicle? 

a What effects will incentives have on the purchase decision? 

l 8  Greene, D.L. "Survey Evidence on the Importance of Fuel Availability to the Choice of Alternative Fuels ancl 
Vehicles." Energy Studies Review. Oct. 1998. 



Which incentives for alternative fuelslvehicles are perceived by consumers as the most attractive 
in terms of influencing their purchase? 

ESTIMATED TIME AND COST 

It is expected that the project, as outlined, will take about 24 months to complete. It should be 
directed by a Research Scientist who will be assisted by a Senior Research Associate, a Research 
Associate, and a Research Secretary. Two student positions should also be included in the bludget. 
The budget for a project such as this can be broken into four major activities: focus 
groupslinterviews, sample generation, interview development / administration 1 coding 1 analysis, and 
reportlarticle writing and presentations. Outside vendor costs include sample generation ($10,000) 
(The Polk Company), and interview administration ($1 1 1,000) (survey research organization). The 
estimate for the focus groupslinterviews, not including personnel time is $36,000 that includes travel, 
room and board, facility rental, and participant payment. All costs paid for through the project are 
charged university indirect costs (52%) and all personnel costs include both indirect costs (52%) and 
benefits (52%). A preliminary estimate of the cost of a project such as this, covering 24 mainths, is 
about $1,100,000. 
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APPENDIX B 

TABLES OF EVALUATION OF METHODS 





et al. 1992 

Golob et al. 
January 1997 

Greene 
1985 

Hauser 

Output 

Insights for 
better 
positioning a 
discontinuous 
innovation 
based on 
product 
attributes 
A new model 
of household 
vehicle use 
behavior by 
type of vehicle 

A method for 
estimating 
daily travel 
distributions 
for individual 
vehicles 
applied it to a 
recent survey 
New 
technology, 
slow-scan 
televideo 
equipmcnt 
demand 

Conclusions 

Empirical studies in the 
context of new 'smokeless 
cigarette' suggests that the 
modeling approach has 
some validity under the 
specified scenario. 

Forecasts of future vehicle 
emissions critically depend 
upon the ability to forecast 
vehicle-miles traveled by tt 
fuel type, body style and 
size, and vintage of the 
vehicle. 

Results confirm the 
existence of a very 
substantial potentiai 
applicability for limited- 
range vehicles. 

Results can enable R&D 
new product teams to focus 
technological innovations c 
the set of user benefits that 
are most likely to increase 
consumer acceptance 

Method 

Two surveys, one to address 
the attributes of a new 
product, and the second to 
address the positioning of 
the product 

Vehicle-type use model in 
travel demand forecasts 
Vehicle-type choice model 

Maximum likelihood 

Multinomial logit 

Data 

Computer-aided 
telephone 
interview 
Customized postal 
questionnaire 
Follow-on CAT1 
survey 

Longitudinal 
survey of vehicle 
use by 2290 
households. 

From focus 
groups, 
questionnaire was 
developed and 
sent to 800 people 
at Los Alamos 
Scientific 
Laboratory 

Evaluation - 
Benefits 

The structural elegance of the 
models and their statistical fit 
to the sample data provide 
support to the authors' 
modeling approach. 

Jointly estimated RP-SP 
model simultaneously 
captures the endogenous 
effects of vehicle reallocation 
along with perceived changes 
in utilization associated with 
EV characteristics. 
Model is successful in 
estimating daily vehicle usage 
distributions. 

Paper demonstrates how 
consumer theory, market 
research, and quantitative 
analysis can improve 
effectiveness of R&D. 

Evaluation - 
Limitations 

Obtaining precise analytical 
expressions becomes 
intractable for three or more 
segments. 

SP questions in 1993 
household survey are 
primarily focused on issue of 
vehicle choice and are 
potentially limited in 
capturing the full range of 
effects on other attributes. 

This still does not get to the 
actual usage each day; it is 
only an average per day 
between refueling. 

Special 
Considerati 

This is an attempt to 
accurately reflect the 
dai!y uszge of a vehit 
data will then be app 
constraints of limitec 
vehicles such as EVs 

Survey sent to R&D 
professionals only. 



Document1 
Date 

Heeler et al. 
1980 

Higgins et al. 
1992 

Will 
1987 

Juster 
1966 

Output 

Application of 
a forecasting 
model using 
historical data 
from sales of 
refrigerators, 
color TVs, 
B&W TVs, 
washing 
machines, and 
others 
Identifies 
purchasing 
characteristics 
and barriers to 
purchase of 
consumers 
grouped 
according to 
"lifestyle 
groupings" 

Estimation of 
EV use by 
commercial 
tirms 

Comparison 
of purchase 
probability 
survey to an 
intentions 
survey 

Evaluation - 
Benefits 

If the model user can supply 
parameters of early sales data, 
the inodel can be reliable as a 
predictive tool. 

Analysis determined 
characteristics of consumers 
most likely to purchase new 
technologies, and consumers 
least likely to buy. 

Estimated responses are 
plausible-both theoretically 
and behaviorally 

A reasonably good proxy for 
household purchase 
probability can be obtained 
from a survey of subjective 
purchase probabilities. The 
probability survey is able to 
attract information that is not 
obtainable from intention 
surveys. 

Conclusions 

It is difftcult to estimate the 
early rate of market 
development. Later sales 
are easier to predict and 
closely match the actual 
historical sales data. 

The authors identify groups 
of consumers most likely 
and least likely to purchase 
new technologies. 

If EVs proved to be a less 
costly way of doing 
business, firms would be 
willing to adopt the 
technology even in the face 
of the limited range 

Purchase probability surveys 
explain about twice as much 
of the cross-section variance 
in automobile purchase rates 
as do buying intention 
surveys 

Evaluation - 
Limitations 

The model's use as a 
predictive tool is quite limited 
during the early period of a 
new product's life and in 
many international settings, 
due to contamination of data. 

Study was performed in one 
city in middle America. 
Needs to be duplicated 
elsewhere. 

In this survey, few 
supplementary data, which 
may have enabled more 
accurate judgments, were 
obtained. 

Method 

Multiple regression 

Logistic regression 

Tobit model 

Regression analysis 

Special 
Considerations 

Discusses the problems 
associated with predicting early 
adoption by constiiriers 
(innovators). Sales to later 
adopters (imitators) can be 
more accurately predicted 
when the innovator's rate of 
adoption is known. 

Results are to be used to more 
effectively target consumers. 
This could serve as a proxy to 
demand if the size of the 
innovator group can be 
ascertained. 

Data 

Historical data are 
used to test the 
predictability of 
the model 

Mail questionnaire 
used to ascertain 
demographic and 
lifestyle 
characteristics of 
high technology 
consumer 
innovators (first 
purchasers) 

Representative 
sample survey of 
national 
commercial 
businesses 

Random sample of 
800 households 
that had 
participated in 
buying intentions 
survey were 
reinterviewed a 
few days later with 
the experimental 
probability suwey. 



Document/ 
Date 

Mannering 
1983 

Mannering et 
a1. 1995 

Maples et al. 
January 1999 

Moore et al. 
1998 

Output 

Model of 
individual 
vehicle 
utilization in 
multi-vehicle 
households 

Explanation of 
recent growth 
in the 
adoption of 
airbags in new 
automobiles 

Final 
documentation 
for Quality 
Metrics 2000 

Assessment of 
the potential 
of diesel 
engine light- 
duty vehicles 
to reduce 
consumption 
and 
greenhouse 
gas emissions 

Conclusions 

The ability of multi-vehicle 
households to substitute the 
use of more efftcient 
vehiclcs for less eff~cient 
ones should be considered in 
VMT-price elasticity 
estimates and their varying 
effects on different groups. 
Airbags were offered by 
automakers because 
consumers were willing to 
pay for them. The market 
for airbags worked 
efficiently, placing doubts 
on the social value of safety 
regulations and efficacy of 
nonexpenmental safety 
information campaigns 
Cost comparison indicates 
that alternative fuel vehicle 
technologies are consistently 
more expensive than 
conventional 

If negative attributes of 
diesel were eliminated, the 
potential exists for increased 
use of diesels. 

Method 

An econometric model of 
individual vehicle usc in 
multi-vehicle households 

Multinomial logit 

Vchicle choice / consumer 
choice model (household 
based, discrete choice, 
multi-attribute logit model) 
utility-maximization 

Vehicle size/consumer 
choice model (multinomial 
logit structure for vehicle 
size and consumerderived 
utilities) 
Telephone survey 

Data 

1979-1980 
Household 
Transportation 
Panel Survey 

National 
household panel 

Reference case 
projections of the 
Energy 
Information 
Administration, 
surveys, historical 
data 

Historical diesel 
vehicle sales 
bchavior and sales 
forecasts of 
conventional and 
alternative-fuel 
light-duty vehicles 

Evaluation - 
Benefits 

All variablcs were properly 
signed, and all except one 
were significant at the 90% 
CI. Miles driven were less 
for drivers over 50, females, 
urban households, and when a 
"competing" household 
vehicle was driven. 
The model shows what 
consumers are willing to pay 
for airbags. 

Survey results are 
corroborated by market 
penetration analysis 
indicating that improved 
diesels can be strong 
competitors of gasoline 
engine vehicles 

Evaluation - 
Limitations 

Model fit could be enhanced 
with more detailed data 
relating to type of activity the 
principal driver actually 
undertakes. 

Major limitation in estimating 
potential household market 
penetration: lack of revealed 
preference data due to limited 
number of alternative-fuel 
technologies commercially 
available. 

Special 
Considerations 







Product ClinicsIField Tests 
Document1 

Date 
Heiman et al. 
1996 

Golob et al. 
1998 

Kostyniuk et 
al. 
March 1997 

Kostyniuk et 
a1 . 
November 
1997 

Output 

Method for 
evaluating 
the optimal 
product 
demonstratio 
n time 

Electric 
vehicle usc 
by 
households 

User 
perceptions 
of ITS 
equipment 
(Ali-Scout) 
in passenger 
cars 

Usability of 
ITS 
technology 
(in-vehicle 
navigation 
systems) by 
older drivers 

Conclusions 

The authors found that firms 
offered a longer 
demonstration time than 
needed and failed to properly 
segment customers with 
regard to prior knowledge of 
the product. Customers with 
prior knowledge of the 
product should require less 
demonstration time. 
Households can use EVs for - - -  

most of everyday trips usually 
made in conventional-fuel 
vehicle, but some trips will be 
shifted to other vehicles in 
household fleet. 

People desired a range of 100 
miles or more even though 
most trips were less than 50 
miles. 

The Ali-Scout system 
peacon-based route 
navigation) was received 
positively by majority of 
drivers. 

Co-pilots are often used by 
the elderly in driving. Some 
ITS systems can serve as a 
co-pilot for elderly drivers. 
The elderly have wide 
variation in computer skills. 
Participants wanted context- 
specific help and hands-on 

Method I Data 1 Evaluation - 
I I Benefits 

By segmenting the product ( 225 I By identifying the amount of 

Vehicle trails with 
manufacturer prototypes by 
households for 2 weeks 
Trial diaries 

demonstration cases 
according to the length of the 
demonstration period, the 
authors evaluated its effect on 
product purchase behavior. 

Travel diaries 
Pretrial and post- 
trial surveys 

Trials are useful for collecting 
data. 

demonstrations of 
an automobile 
product and 46 
demonstrations of 
a computer printer 

Duration period was 
reasonable; could have 
shorter period. 

- - 
prior knowledge a customcr 
has, demonstration time and 
the costs associated with it 
can be adjusted to specific 
customers. 

Daily recording of VMT was 
fairly accurate. 

Trial may be essential for 
describine detailed travel 

I individuals aged 19-80 - I and driver logs I acceptance were reported and 

I 

provided insight into the 
useklness of the technology. 

- 
behaviors. 

( Field trials for 4 weeks by I Questionnaires I Some good data on user 

Evaluation - 
Limitations 

Field trials for one month 
Focus groups 
Drivers' logs of trips 
Survey of perceptions 

Results are not unbiased. 

Novelty of the trial can 
introduce changes in driving 
behavior. 

I I 

Questionnaires, 
driver logs, focus 
groups 

Exaggerated reports of use, 
were recommend studying 
complex intra-vehicle 
switching. 

Some good data on user 
acceptance were reported and 
provided insight into the 
usefulness of the technology. 

The authors report that some 
of the data are biased. Some 
participants want to please the 
study team and report overly 
positive responses. Also, 
there was an agelgender bias 
in which young males 
underreported difficulty of 
tasks in operating the 
equipment. 

The authors report that data 
are biased due to participants 
wanting to please the study 
team. Focus groups yield data 
that is not generalizable to the 
population. 

Considerations 

This study is different from a 
PNGV study in that the 
equipment was available for 
testing 









Document1 [ Output [ Conclusions I Method [ Data 
Date 

Pohl 
1998 

Theoretical and 
applied study of 
purchase of electric 
vehicles 

Theoretical study found 
that 46% of the work 
fro= 1600 cars and 1550 
trucks could be done with 
elechic vehicles. The 
applied study offered 
these companies electric 
vehicles and very few 
purchased. Reasons for 
not buying EVs included: 
only one working day 
was considered, range is 
not the only important 
factor, and new 
technology is not adopted 

Field study of 2002 vehicle 
owners. Attempts to sell 
electric vehicles through a 
3-year, full-service lease at 
a comparable or slightly 
higher price to companies 
that showed that they could 
use electric vehicle based 
on range as well as test 
drive the vehicles. Follow- 
up interviews with 
companies. 

Logs of one 
working day 
based on 
distances 
covered, 
number of 
passengers, and 
weight load. 

( directly by everybody. I 
Pringle et al. I Modeling program that I The promm seems to I Bayesian analysis 1 Secondaw - .  - . - 
1982 I generates forecasts of I have worked well in I techniques based on I source ' 

Vyas et al. 
1997 

consumer awareness, 
trial, repeat purchase, 
usage, sales, and 
market share of a new 
brand 

Forecast of market 
penetration of IVHS 
technologies 

Projected vehicle 
characteristics for EVs 
and HEVs and future 
characteristics of 10 
battery technologies 
for the period 2000- 
2020 

Procedure to compute 
battery replacement 

predicting demand for 
new products. 

Institutional barriers are 
unlikely to provide 
adequate support. 

With the battery 
replacement costs added 
to the fuel and 
maintenance costs. the 
conventional ICE vehicle 
is projected to have a 
c-lear advantage over 
electric drive vehicles 
over the projection 
period. 

accurate inputs of 
estimates. Primarily 
based on consumer surveys 
or store audits. 

Delphi survey of experts in 

Two-stage Delphi study 

materials, prior 
and current 
custom 
marketing 
research, 
related product 
experiences. 
Consumer 
surveys or store 
audits 
Survey data 

Forecasts for 
2000,2010, and 
2020 

implementation, driving 
forces, government policy, 
and social impacts 

I costs 

'nconventional nature of 
institutional problems posed 
by WHS limits the ability to 
predict relevant social, 
political, and economic 
events with any degree of 

I 

Survey of experts does not 
represent possible consumer 
purchase. 





Date 
Das 
1996 

Document1 

Jaffee 
1994 

Conclusions 

Kurani 
July 1993 

I Method 

Mahajan 
1988 

Output 

Costs of ITS 
technology: iVIS 

Factors determining 
rate of difision for 
energy conserving 
technology 

Evaluation of early 
market segments' 
response to EVs 

Evaluation of new- 
product forecasting 
models 

1Jnderstanding the causes 
of gradual diffusion of 
energy-conserving 
technologies is key to 
idcntifying appropriate 
policy responses. 

Little evidence is found 
to support the supposition 
that the samples of 
innovators or 
environmentalists are 
willing to pay a purchase 
price premium to be 
among the first buyers of 
OEM EVs. 

New product forecasting 
models need to enhance 
their utilization in 
evaluating new product 
decisions and better meet 
needs of users of 
forecasting models 

Detine market packages; 
compile prices of 
corponents; calculate life- 
cycle costs; project future 
costs 

Simulation of scenarios 

Test Drive Clinics 
Focus Groups 

Evaluation of forecasting 
models 

Data 

Simulated 
effects of 
factors and 
public policy on 
adoption rate of 
energy- 
consewing 
technologies 
Statistical 
comparisons of 
innovators and 
environmenta- 
lists 

Review of 
forecasting 
models 

Evaluation - 
Benefits 

Cost estimates are high 

Identifies "nonmarket-failure" 
and "market failure" causes 
of gradual diffusion of 
energy-conserving 
technologies 

Directions for research and 
implementation - improving 
the utility of existing models 
and broadening the scope that 
better meet the needs of users 
of forecast models. 

Evaluation - 
Limitations 

Results are order-of- 
magnitude because of 
unceitainty about future 
technology and assumptions 
about market penetration. 

The selection of appropriate 
policy instruments will 
depend upon importance of 
various underlying 
explanations of the gradual 
diffusion of energy-efficiency 
technologies 

Examines two hypothetical 
market segments (innovators 
and "green") for a product not 
yet available. 

Cannot identify "innovator" 
and "early adopter'' a priori. 
Definition depends on 
comparisons of persons in 
these gioups io later buyers of 
the product. 

The three types of forecasting 
models vary with respect to 
the stage in the new-product- 
development process for 
which they are most 
appropriate. 

Special 
Considerations 

Assunles ITS architecture will 
be in place 

On several attributes, 
"environmentalists" cannot be 
distinguished from the "EV 
innovators, " most notably 
characteristics which were to 
have defined them as 
envimnmentalists. 
15 of 26 participants chose one 
of the prototype OEM vehicles 
they iesteit assiiming ihai ihe 
prototypes would be similarly 
priced to gasoline vehicles of 
similar body styles. 
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REFERENCE 

Apogee Research, Inc. and Wilbur Smith Associates. ITS National Investment and Market Analysis. T e c h A n  
Working Paper: Task D - Market Analysis. Washington, D .C .: Intelligent Transportation Society of America, May 
1997. 

KEYWORDS 

New product forecasting, intelligent transportation systems. 

ABSTRACT 

This working paper, third in a series of reports, focuses on the market potential for Intelligent Transportation 
Systems (ITS) equipment and services. This report examines the domestic market potential leveraged from the basic 
ITS. It is important to distinguish between "market potential" and the "benefits" of ITS. Although market 
development does generate benefits (for example, employment in new industries and for international trade), the 
focus of this report is not on evaluating the benefits of basic ITS deployment. 

A fundamental hypothesis in undertaking an analysis of the market potential and opportunities resulting from 
investment in basic ITS services is that this initial or core investment will leverage additional investment fiom the 
private sector. This, in turn, will lead to a greater realization of the full potential of ITS. Initial public sector 
investment in basic ITS services establishes the foundation for future investment in more advanced ITS-related 
services, and broadens the opportunities of the private sector in realizing the full market potential of ITS. The goal 
of this working paper is to undertake a comprehensive analyses of the potential market opportunities for the private 
sector that are either directly leveraged fiom the initial investment or accelerated by the nationwide deployment of 
ITS. 

METHOD 

The primary goal of this study is to identify potential ITS market opportunities for the private sector and develop 
estimates for the total size of the market by the year 2015. It is assumed that private sector investment logically 
follows initial public sector investment in the deployment of the base ITS infrastructure. Market opportunities arise 
for the private sector after the initial investment and deployment phase, and are enhanced by additional 
investment - by both the public and private sector - in intermediate and advanced ITS services and products. 

The first step of the analytical process involves identifying the underlying assumptions used to evaluate expected 
market opportunities for the private sector. This step is important to clearly define the long-term investment 
assumptions and the time frame of the analysis before any evaluation of the potential market for ITS products and 
services can take place. 

The second step in the process involves evaluating the market packages and establishing linkages between base 
packages and more advanced packages. A clear linkage outlining the development and deployment of market 
packages over time is established in this step. The market package evaluation tracks the evolution of ITS from the 
initial deployment of basic ITS, to intermediate market packages, to more advanced market packages that may not 
be fully developed or deployed for 15 or 20 years. 

The third step of the analytical process involves distinguishing between autonomous and dependent products. 
Dependent ITS market packages and services depend directly on the deployment of certain base market packages or 
basic ITS services before they can be refined and deployed themselves. Other market packages are autonomous in 
nature (stand-alone), and do not directly depend on the development or deployment of the basic ITS market 
packages. The market for autonomous services and products may develop without the deployment of base market 
packages, however, the market for dependent services and products is directly llnked to the deployment of base 
market packages. 

The fourth step of the process involves linking the various market packages with specific services and products. The 
link between user services and market packages is provided in the architecture, while information on the specific 



products and equipment associated with each market package is based on primary research. Information about many 
of the ITS products and equipment can be found in publications such as ITS World and ITS International, and from 
private sector vendors. At this point, a comprehensive linkage has been established which links user services and 
products to the various market packages. 

The fifth step focuses on undertaking the market analysis of the different market segments and products/services. 
After a determination is made on what services and products are expected to be derived from the deployrr~ent of 
basic ITS services, historical data were collected for a variety of highway and transit conditions. These ir~clude 
transit passenger trips, transit fare collection, VMT for selected functional classes, percentage of congested VMT, 
etc. Historical data trends were then projected into the future using straight-line extrapolation by year based on five- 
year data trends. 

EVALUATION REPORTED BY THE AUTHORS 

None. 



REFERENCE 

Bass, Frank M. (Purdue University) "A New Product Growth for Model Consumer Durables." 
Management Science, Vol. 15, No. 5, January 1969. 

Economic, regression analysis, color televisions, consumer durables. 

ABSTRACT 

A growth model for the timing of initial purchase of new products is developed and tested empirically against data 
for eleven consumer durables. The basic assumption of the model is that the timing of a consumer's initial purchase 
is related to the number of previous buyers. A behavioral rationale for the model is offered in terms of inn.ovative 
and imitative behavior. The model yields good predictions of the sales peak and the timing of the peak when 
applied to historical data. A long-range forecast is developed for the sales of color television sets. 

METHOD 

The growth model developed in this paper for the timing of initial purchase of new products is based upon an 
assumption that the probability of purchase at any time is related linearly to the number of previous buyers. There is 
a behavioral rationale for this assumption. The model implies exponential growth of initial purchases to a peak and 
then exponential decay. 

The basic assumption of the theory is formulated in terms of a continuous model and a density function of time to 
initial purchase. The linear probability element is referred to as a likelihood. 

EVALUATION REPORTED BY THE AUTHOR 

Data for consumer durables are in good agreement with the model. Parameter estimates derived from regression 
analysis when used in conjunction with the model provide good descriptions of the growth of sales. From a 
planning viewpoint, probably the central interest in long-range forecasting lies in predictions of the timing and 
magnitude of the sales peak. The model provides good predictions of both of these variables for the products to 
which it has been applied. For ten of the new products tested over time periods between 1926 and 1961, the R' of 
the forecasting model ranged from ,473 to ,953, with six of them being above 35 .  
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ABSTRACT 

An ordered logit specification for use on ranked individual data is used to analyze survey data on consumer demand 
for electric cars. In many situations in economics and marketing it is desirable to be able to forecast consumer 
demands for goods which have not yet appeared in actual markets. By defining goods as a bundle of underlying 
attributes, and using discrete choice models, consumer evaluations can be estimated. Then new good demand is 
forecast by use of the estimated coefficients to compare consumer evaluation of the new good to existing choices. 
When ranked individual data are available, separate coefficients can be estimated for each individual rather than 
assuming identical coefficients as is usual with logit models. The results indicate considerable dispersion in 
individual coefficients. This finding can have important implications for new product analysis. 

METHOD 

Survey data are on balance inferior to market data. Revealed preferences of consumers in markets do not have the 
possibility for confusion or unstated assumptions that exist in survey responses. On the other hand, surveys do have 
two advantages over market data. First, the new product can be described in detail so those potential customers can 
describe their reactions to the product and its attributes. Use of existing market data to forecast new demand 
depends heavily on correct model specification and the requirement that consumers value attributes similarly for 
different products. Also, more information can be elicited from a given person since he can be asked to rank the 
products in preference order or to specify a demand curve for attributes. But hypothetical situations still can not be 
made equivalent to market situations. Thus, it seems important to check the consumer valuations, which arise from 
survey data with similar valuations, which arise in market data for attributes, which exist in both situations. 
Validation should increase the confidence, which can be placed on the survey responses if the attribute valuations 
are similar in both situations. 

In this paper, survey data on electric car demand gathered by the National Opinion Research Corporation for Arthur 
D. Little (ADL) were used. Each survey respondent was asked to rank order 16 car designs that differed over 9 
attributes. Seating capacity, maximum speed, purchase price, and operating costs are all attributes whose valuations 
can be observed in existing market data. However, the most important attribute that distinguishes electric cars is 
their limited daily range. The author felt that only survey data allowed for proper treatment of this attribute. Thus, 
they developed an 'ordered logit model' for the survey data that allows for use of ranked preference data. It differs 
from the usual logit model of qualitative choice that considers only the most preferred alternative. The ordered logit 
model is estimated over approximately 200 people in the sample. The main empirical finding is that consumers 
place an extremely high negative valuation on the limited range. Thus, the results cast considerable doubt on the 
possibility of much consumer demand for electric cars given the existing technology. 

EVALUATION REPORTED BY THE AUTHORS 

The authors demonstrated how ordered logit analysis can be used to analyze ranked choice data where separate 
coefficients are estimated for each individual. The ordered logit model offers an alternative approach to the conjoint 
analysis method used very widely in the marketing literature. 

The authors made full use of the individual rankings of alternative choices to estimate a model that allows for 
separate taste parameters across individuals. The specification leads to a significant improvement over the 
specification with identical coefficients. It also does better than the specification with population variation modeled 
by socioeconomic variables. The policy conclusions are that individuals do not seem receptive to electric cars that 



have limited range and long refueling periods. The lower operating costs of electric cars do not provide a sufficient 
counterbalance to these perceived shortcomings of electric vehicles. 



Bernard, M.J. 111, M.K. Singh, and K. Heitner, (Argonne National Laboratory). Three Scenarios for Electric and 
Hvbrid Vehicle Commercialization. Report No. ANLIESDITM- 13, November 1990. 

Electric vehicle, hybrid vehicle, scenario development, 

ABSTRACT 

Three electric and hybrid vehicle (EHV) market-penetration scenarios are developed for 1995,2000,2005, and 
2010. The first scenario is intended to maximize the substitution of electricity for gasoline in the 101 metropolitan 
areas of the U.S. that are nonattainment areas for ozone; by 2010, 12 million EHVs are projected to be operating in 
those areas. The second scenario focuses on the nine metropolitan areas with the worst ozone problems and projects 
six million electric vehicles in the nine areas by 2010. The third scenario, like the first, projects 12 million EHVs in 
operation by 2010 but distributes the vehicles to all metropolitan statistical areas. The vehicles are distributed to the 
metropolitan areas as a function of area population and off-peak marginal cost of electricity for the local power pool. 
The scenarios contain several different EHV cars, vans and trucks (differences include battery type, a.c. or doc. 
drive, and hybrid or straight electric mode). Daily electricity consumption is calculated for each metropolitan area 
for the country by scenario year. 

METHOD 

The scenarios under development draw from other studies to estimate potential penetration by each alternative-fuel 
vehicle in each scenario, given different scenario objectives. 

The first scenario, the "energy security" scenario, focuses on the potential energy security benefits of displacing a 
significant amount of oil. 

The second scenario the "environmental" scenario, is motivated solely by environmental concerns. 

The third scenario developed in the course of the present study is based on the assumptions of the 101-city (energy- 
security) scenario, except that all consolidated metropolitan statistical areas (CMSAs) and all MSAs not in CMSAs 
are used. This "all-city" scenario was developed because many cities in the Southeast and in the upper tiers of states 
west of the Great Lakes are attainment areas for ozone; thus, they are not in the 101-city scenario and are not EHV 
markets. 

An earlier study has concluded that, on the basis of the performance and recharging requirements of EHVs, 45% of 
all light-duty vehicles (LDV) could be EHVs, if cost were not a consideration. Given this sizeable potential market 
and assuming that EHVs are economically competitive with conventionally fueled vehicles (CVs) andlor that 
policies are in place to foster or require the use of EHVs, EHV market penetration by 2010 is expected to be 
constrained largely by the rate at which vehicle (mainly battery) production facilities can be built and put into 
operation. 

Currently announced plans for EV production in the next few years are more modest than these projections, and 
there are no announced plans for the production of HVs. For these reasons, the authors delayed the above time 
frame of projections by four years. In both the energy security and the environmental scenarios, a more advanced 
battery (with a range of as much as 200 miles) is assumed to be introduced in the 2000-plus time frame. 

It is assumed that, all other things being equal, the price of off-peak electricity will determine the number of EHVs 
per capita in each metropolitan area. EHVs are expected to be recharged during the evening hours ("off peak"). 



The distribution from the production scenarios to the cities in each year is linearly proportioned as follows: 

N,t = POP, x MCF, x MF, 

- Nmt - the number of EVs or EHVs in metropolitan area 
POP, = the 1987 population of metropolitan area (m) 
MCF, = the marginal cost factor for metropolitan area m's utility 
MFt = the mapping factor, which for year t maps the national EHV fleet onto each POP,. 

Neither urban population nor utility marginal costs are forecast for future years in the scenarios. 

In 1999, in both scenarios, more than 150,000 EHVsIEVs are projected to be sold. Over the next four years, EHV 
sales are projected to be 545,000 by 2003 in the 101-city scenario and 270,000 in the nine-city scenario. Thus, the 
production scenarios shown here are realizable by the automotive industry, if sufficient economic incentives exist. 

EVALUATION FtEPORTED BY THE AUTHORS 

None. 
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ABSTRACT 

A new product-forecasting model is described which uses survey data (not panel data) to predict year-end test 
market sales from early test market results (usually three months). In addition to offering a sales forecast, the model 
is designed to provide diagnostic information about a new product's strengths and weaknesses. By relating 
advertising expenditures, price and perceptions of performance/acceptability of the product to sales, the model 
indicates how an unsuccessful product can be redesigned or the marketing mix changed to make possible a 
successfil introduction. The model also can be used for new product planning. Given a media plan, price,, sampling 
level, couponing, and some estimate of repeat usage, a pre-test market forecast of year-end sales can be made which 
allows management to evaluate different marketing plans to see which best meets profit or sales goals. 

METHOD 

A model was developed to forecast total brand awareness for new products based on advertising, the percentage of 
triers of the new product by time period, and year-end market shares of the new product. 

The model presented here has several distinct features. First, it requires only three months of test market data, 
whereas many other models require longer time periods (commonly six months or longer). Second, it uses survey 
data. Almost all other models require panel data, which are much more expensive and take longer to recover and 
process from the marketplace. Third, the model is inexpensive to use. Fourth, the model is very easy to understand 
and to use. 

The procedures used to estimate the model were not stated by the author. Readers are instructed to contact the 
author to obtain information about the estimation procedures. Some parameters of the market-share portion of the 
model were estimated by using telephone surveys and by other subjective means. 

EVALUATION REPORTED BY THE AUTHORS 

A new forecasting model that is fairly accurate and inexpensive to use is presented. The model uses survey data 
rather than panel data. It also uses marketing inputs such as advertising and price. The model can forecast year-end 
sales after only three months of test marketing so that a quick decision about the success of the product can be 
reached. The model also gives diagnostic information about the reason for low awareness, trial, or repeat 
purchasing. It thus helps firms to redesign the product or the introduction strategy. Finally, the model also can be 
used for evaluating alternative marketing strategies. The next step is to develop accurate inputs to the model before 
test marketing so that the model can be used to predict success or failure of products without requiring test 
marketing. Thus the high cost of test marketing can be avoided. 
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ABSTRACT 

Despite the enormous amounts of resources devoted to concept and product testing and the continued use of pretest 
market (PTM) modeling procedures, estimates of new product failures are still alarmingly high. The primiiry 
objectives of PTM modeling are to forecast the market sharelsales volume of a new product and to determine the 
sources of new product share at the aggregate market level. 

METHOD 

The authors describe a new approach that is designed to provide a parsimonious description of competitive changes 
before and after a new product is introduced by identifying latent segments (i.e., groups of consumers) that: vary in 
size and composition with respect to the relative preferences for a set of brands before and after a new product is 
introduced. Each latent segment represents a particular preference state characterized by a set of segment-level 
choice probabilities. The modeling framework is based on a class of dynamic latent class models that explicitly 
recognize two major types of preference heterogeneity: (1) heterogeneity caused by before-after changes in latent 
preferences for the brands (i.e., time-varying relative choice probabilities) andlor (2) heterogeneity caused by 
consumers changing their latent preference segment in response to a new product (i.e., time varying latent segment 
probabilities). As is demonstrated in the empirical application, the dynamic latent class models provide a 
comprehensive framework for understanding how a new product changes the competitive landscape. 

EVALUATION REPORTED BY THE AUTHORS 

Constant sum paired comparison ratings have a long history in psychology and marketing research and will continue 
to be used to calibrate preferences for established and new product introductions in PTM studies. The authors 
describe a dynamic latent change framework that can provide important information on competitive structures 
before and after a new product is introduced. The models allow for various types of heterogeneity and in so doing 
provide a framework for testing a panoply of hypotheses concerning, among other issues, whether latent preferences 
have changed in response to the new product andlor whether the new product introduced has induced respondents to 
change their latent segment membership. The authors also show how the proportional draw hypothesis can be tested 
within the LSC and LPC models and the utility of these models in assessing the competitive effects. Finally, an 
important conclusion from the models proposed and application presented is that respondents may differ in their use 
of constant sum paired comparison rating scales and failure to account for such differences can confound various 
sources of heterogeneity and ultimately lead to biased preference estimation. 
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ABSTRACT 

An evaluation process for the preparation of intelligent transportation system (ITS) plans that is sensitive to the 
differences between ITS and conventional transportation improvements is described. A relatively complete set of 
evaluation criteria for ITS improvements is presented that is structured to clarify the confusion between the supply 
and demand impacts of ITS. This separation between "efficiency" and "output" measures means that it is possible 
to distinguish between ITS technology efficiency benefits and the individual and corporate demand responses to ITS 
that actually increase output (benefits) over those produced by the technology alone. The proposed criteria structure 
also incorporates the time scale of the impacts. This highlights certain fundamental correlations between the criteria 
that can lead to double counting of benefits and to highly correlated outcomes, which are not helphl in choosing 
between alternatives. 

METHOD 

A comprehensive list of appropriate ITS evaluation criteria are presented. The major structure of the criteria is 
along the two dimensions of criterion type (increased operational efficiency - supply, and demand adjustments 
that further increase output) and time scale (short, medium, and long term). 

This structure deals head-on with the great confusion between supply and demand impacts in ITS evaluation. The 
separation between efficiency and output measures means that it is possible to separate the ITS technology benefits 
from the individual and corporate demand responses to ITS that actually increase output (benefits) over those 
produced by the technology alone, This separation also makes it possible to evaluate induced travel. 

The structure also deals explicitly with the time frame of the impacts. Some impacts occur quickly, typified by 
travel behavior responses to ITS changes. Some take more time to occur, as exemplified by ITS technology 
investments and investments in other plants and equipment to increase the productivity of the economy. Finally, 
there are the long-term impacts such as infrastructure cost savings and changes in long-run demand. In most cases, 
the impacts that occur over various lengths of time are responses to the same underlying benefits of ITS. Therefore, 
the same benefits may be considered (double counted) a number of times. Organizing the impacts according to their 
time scale highlights certain fimdamental correlations between the criteria and helps simplify the evaluation process. 
This is discussed further. 

EVALUATION REPORTED BY THE AUTHOR 

The criteria structure facilitates selection by decision-makers of greatly reduced criteria sets to simplify ITS 
evaluations. By recognizing the separate supply (efficiency) and demand (increased output) impacts of ITS, it is 
also possible to avoid dramatically underestimating the benefits of the new technology and to avoid serious mistakes 
in assessing the safety, environmental, and energy impacts of ITS alternatives. Default values to evaluate ITS 
improvements for inclusion in transportation system plans are provided. The criteria and default values highlight 
where research and operational tests can provide improved values and information that will most quickly advance 
the state of the art of ITS evaluation. 
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ABSTRACT 

A study was conducted to determine how demand for clean-fuel vehicles and their fuels is likely to vary as a 
function of attributes that distinguish these vehicles from conventional gasoline vehicles. For the purposes of the 
study, clean-fuel vehicles are defined to encompass both electric vehicles and unspecified (methanol, ethanol, 
compressed natural gas or propane) liquid and gaseous he1 vehicles, in both dedicated or multiple-fuel versions. 
The attributes include vehicle purchase price, fuel operating cost, vehicle range between refueling, availability of 
fuel, dedicated versus multiple-fuel capability and the level of reduction in emissions (compared to current vehicles). 

METHOD 

In a mail-back stated preference survey, approximately 700 respondents in the California South Coast Air Basin 
gave their choices among sets of hypothetical future vehicles, as well as their choices between alternative fuel versus 
gasoline for hypothetical multiple-fuel vehicles. Estimates of attribute importance and segment differences are 
made using discrete-choice nested multinornial logit models for vehicle choice and binomial logit models for fuel 
choice. These estimates can be used to modify present vehicle-type choice and utilization models to accommodate 
clean-fuel vehicles; they can also be used to evaluate scenarios for alternative clean-fuel vehicle and fuel supply 
configurations. 

EVALUATION REPORTED BY THE AUTHORS 

The statistical significance, ease of interpretation and stability of the SP choice modeling results are very 
encouraging. Thus, the results provide a useful database for estimating preferences for clean-fuel vehicles in the 
California South Coast Air Basin. 

Estimates of attribute importance and segment differences are made using discrete-choice nested multinomial logit 
models for vehicle choice and binomial logit models for fuel choice. These estimates can be used to modi:fy present 
vehicle-type choice and utilization models to accommodate clean-fuel vehicles; but they can also be used to evaluate 
scenarios for alternative clean-fuel vehicle and fuel supply configurations. 
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ABSTRACT 

This study uses probabilistic choice models to predict potential demand for electric cars. Survey data are employed 
to estimate separate utility functions for each of 51 subjects. This provides a sample distribution of consuimer 
preferences for vehicle attributes including price, operating cost and range. The results indicate great diversity in 
individual trade-off among attributes, with range and top speed generally being highly valued. The sample of utility 
functions is then used to predict potential market shares for various kinds of electric vehicles as second cars. 
Demand is quite limited, except when (a) electric cars are considerably more advanced than anything likely to be 
available in the near future, and (b) consumers fear massive gasoline shortages. The latter effect derives firom an 
observed "bias" in favor of electric autos, which is plausibly interpreted as a hedge against disruptions in the 
gasoline market. 

In this research the author attempts to estimate potential demand for electric automobiles. The goal, however, is not 
so much to predict demand for electric cars now feasible as to predict what kind of cars consumers will purchase if 
greatly improved electric vehicles appear in the market. The study takes the popular approach of dealing with 
attributes common to all products in the market of interest, so that new products can be represented by unfamiliar 
bundles of familiar attributes. This technique lends itself to the use of discrete choice models, although care is 
required to avoid misusing such models in this context. 

METHOD 

When market data are useless or extremely costly to acquire, the marketers of new products often choose to gather 
data using what might be called artificial means. The data are artificial in the sense that they represent consumer 
choices made in conditions other than bonajde markets. Such data are conceptually inferior to that generated by 
markets, where the motives underlying decisions cannot be impugned, but clearly there is often no choice about 
where the data will come from. The present study is an example: it is either artificial data or no data at all, and the 
trick is to gather artificial data that will be a good predictor of market behavior. 

Preference data were collected from 5 1 members of a church in Berkeley, California. Each subject was given a form 
to take home, fill out, and return a week hence. For each completed form a small sum was contributed to the Sunday 
school's toy fund. The form began with a set of instructions that described the experiment, provided necessary 
information about electric vehicles (including performance limitations and the fact that battery replacement costs 
would be included in operating cost), and explained that the choices were for the family's second car. The 
instructions were followed by 30 choices, in each of which the subject was asked to express a preference for 1 of 3 
vehicles. The three vehicles were described purely in terms of five numbers: price, operating costs (in cents per 
mile), capacity (number of passengers), and, for electric cars, range and top speed. Subjects were asked to assume 
that other attributes such as comfort and support facilities were the same for all alternatives. 

The form also included two questionnaires, one gathering socio-economic data, and the second, given at the end, 
asking a variety of questions about the experiment itself. The subjects generally comprised a nonrandom sample of 
mainly middle and upper-middle class households living in the bedroom communities of the East Bay suburbs of 
San Francisco. 



EVALUATION REPORTED BY THE AUTHOR 

This study predicts that electric vehicles of modest performance, such as could be produced very soon, are likely to 
have no significant market, even were gasoline to increase greatly in price. There may be a market for more 
powerful vehicles, with ranges of 150 miles or more, although in this work presented there is only a single segment 
of the auto market, one that is unusually susceptible to the attractions of electric cars. 

The author looked only at private demand, not demand from businesses, and considered only automobiles, not trucks 
or vans (which may provide the first significant success for electric vehicles.) All demand is assumed to be for 
second cars in multi-car households, and data were gathered from only a restricted socio-economic segment of the 
automobile-consuming public - one that seemed more likely than the average population to choose electric 
vehicles. 

A second limitation is in the kind of data used: non-market data gathered from choice "experiments" with 5 1 
automobile owners serving as subjects. This was necessary because the current market cannot produce the data 
required to estimate the demand for attributes such as vehicle range. 



Charles River Associates Incorporated. User Acceptance of ATIS Products and Services: What do we currentlv 
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Office, CRA Project No. 852-03, October 1996. 

KEYWORDS 

New product forecasting. 

This report is concerned with the user acceptance of Automated Traffic Information System (ATIS) products and 
services. It was prepared as an early product from a program of research into Intelligent Transportation System 
(ITS) products and services, funded by the U. S. Department of Transportation's Intelligent Transportation Systems 
Joint Program Office, and forms part of that office's work on evaluation and program assessment. 

The primary purpose of the document is to survey the extant relevant evidence about ATIS consumer acceptance - 
or at least that part of the evidence that is in the public domain. In order to place that evidence in context and 
interpret its relevance, the paper also describes a conceptual basis for structuring market research into ATIS, and 
summarizes some key methodological considerations that affect how such research should be designed and 
interpreted. 

METHOD 

The primary method of this study is a literature search on consumer acceptance of an intelligent transportation 
technology (automated traffic information systems). A contribution of this report is a description of three problems 
inherent in new product studies. 

It is important to recognize at the outset that the demand for any new product is influenced 
significantly by stochastic as well as by deterministic factors. That is, essentially "random" factors can 
easily sway the fortunes of any particular product launch. 

For radically innovative new categories of products, for which there's no strong analog currently in the 
marketplace, the appraisal of potential customer demand must necessarily be based on stated 
preferences as well as (or instead of) revealed preference evidence. 

Consumer surveys about hypothetical products or new product concepts are very prone to response 
biases. In particular, respondents are apt to express more enthusiasm for "new ideas" in response to 
survey questions than they may later when asked to vote with their dollars. Great care must 
consequently be taken to find ways of minimizing such response biases. 

EVALUATIOlV REPORTED BY THE AUTHOR 

None. 
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ABSTRACT 

The environmental and energy concerns of using motorcycles in urban areas have fostered the rapid development of 
electric motorcycles (EMS) in Taiwan in recent years. EMS' zero emission, low noise level, and high-energy 
efficiency features provide the promising potential to alleviate the severe environmental pollution problem, caused 
by the existing gasoline motorcycles. This study summarizes the recent development of the EM. More specifically, 
this study aims to analyze the potential demand for EMS based on an interview survey using stated preference 
modeling approaches. Study results show that female motorists are the potential target markets for EMS. 
Developmental and energy-use issues of EMS are also discussed in this study. 

METHOD 

The survey in this study was composed of two stages. The first-stage survey mainly focused on identifying pertinent 
attributes and tolerance limits of attributes, both of which would be used for describing the hypothetical ch.oice 
alternatives. Literature review and consultation with experts were involved in the final determination of attributes. 
The second-stage survey is the extensive Stated Preference (SP) survey. 

In the first-stage survey, respondents were randomly selected and interviewed at gas stations in Taipei City. The 
questionnaire contained three parts: socio-economic data, important factors in choosing motorcycles, and 
corresponding tolerance limits. The first part included motorcycle ownership, use frequencies, use purpose, weekly 
driving range, and need to buy a motorcycle in the coming 3 years. The second part contained 15 pre-specified 
potential attributes. Respondents were asked to freely specify up to 7 attributes. For each attribute that thc: 
respondent selected, the tolerance limit was also requested. The tolerance limit of an attribute was defined as an 
upper or lower bound beyond which the associated alternative was definitely rejected from consideration. For those 
attributes contributing negative utilities, the upper limits were requested; otherwise, the lower limits were requested. 

In the second-stage survey, a total of 256 random households in Taipei were recruited and interviewed by several 
researchers. One male and one female over 18 years old were interviewed in each household. Contributing 
households were selected and supplementary interviews were conducted for those households that did not generate 
two respondents. The questionnaire contained two parts: (a) household and personal socio-economic information 
and (b) motorcycle choice questions. The socio-economic information included variables such as gender, age, 
highest education, household size, and personal and household income. 

In coding and analyzing the data, the authors obtained valid entries from all male respondents and from 244 out of 
the 256 female respondents. Several possible models were calibrated with the data. Multinomial logit model 
(MNL), nested multinomial logit model (NMNL), and multinomial probit model (MNP) are the three major model 
specifications that were calibrated. 

EVALUATION REPORTED BY THE AUTHORS 

This paper summarizes the recent significant progress of EMS from legislative and technological perspectives. The 
aim of this paper is to shed light on opportunities for EMS from consumer behavior standpoints. The SP modeling 
framework is adopted in this study because EMS are still new to the market and the Revealed Preference information 
is not available for analysis. The statistical significance and the ease of interpretation of SP methods help to build 
the model for analyzing the potential demand of EMS. 
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ABSTRACT 

The purposes of this report are to develop a cost estimation methodology that makes projections of the costs of in- 
vehicle information systems (IVIS) and associated infrastructure, and to illustrate the application of this 
methodology. The illustration of this methodology is limited to personal vehicles, but it can easily be adapted to 
commercial and transit IVIS, and to intelligent transportation systems (ITS) in general. 

METHOD 

The methodology developed here for estimating the costs of IVIS-related systems is a "bottom-up" approach that 
calculates the costs of these systems based on the costs (i.e., prices) of their basic equipment components. The 
methodology takes the national ITS architecture as a fundamental starting point. In this architecture, ITS 
technologies provide services to their users through the deployment and use of market packages of technologies 
(such as interactive traveler information). Each market package consists of equipmentpackages (such as vehicle 
route guidance), which in turn consists of components (such as geographic information system). The market 
package cost is thus estimated as the sum of the cost of individual components in the equipment packages that 
comprise the market package, both inside and outside (i.e, infrastructure) the vehicle. Costs at the market package 
level are estimated for a specific deployment in a life cycle context. For infrastructure-related equipment packages, 
the life cycle cost includes the total capital, operating, and maintenance costs of individual components over a pre- 
determined deployment period. For in-vehicle equipment packages, the costs are estimated over the life of the 
vehicle (typically 14 years). The corresponding annualized, or levelized, cost is calculated as well. Since 
deployment of an IVIS is typically a multi-year endeavor, projections of the future costs of the components are 
based on the historical price trends of electronic and other components available from the Bureau of Laboir Statistics. 

EVALUATION REPORTED BY THE AUTHORS 

The projected cost estimates for the five IVIS-related market packages discussed in this report probably represent 
the high end because they are based on the assumption that none of the ITS technology currently deployecl can be 
retrofitted or used. Also, the estimates reflect some double-counting of costs in the "private" and "consunner" 
categories, and for components used in more that one equipment package (the costs of equipment packages are 
estimated as if they are stand-alone systems, independent of their intended use with specific market packages). 
Costs of different market packages should not be added to estimate the total cost due to double-counting of 
infrastructure costs common to several of these market packages. 

IVIS technologies are still under development. Uncertainty about future technologies makes it difficult to project 
their costs. Thus, the estimates in this report should be regarded as order-of-magnitude projections that reflect 
assumptions about market penetration and other factors. 
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ABSTRACT 

This paper presents an analytical approach to determine optimal target positions (locations) for a discontinuous 
innovation in the perceived product-attributes space. This paper focuses on qualitative insights and generalizable 
location implications. The authors rely on the concept of consumer preference, choice, market segmentation, and 
technological constraint to derive various analytical insights in the context of new product-concept positioining. 
Empirical studies addressing these issues in the consumer marketing are presented, and directions for future research 
are also provided. 

Positioning is a crucial strategic decision for pioneering brands as well as for other brands competing with them. 
The basic problem is to identify productlservice position(s) (location(s)) in a multidimensional perceptual space as 
targets which have the potential to optimize certain objective of the firm (e.g., profit, market share, or sales revenue) 
and determine the set of actions necessary to achieve the desired position(s). Focus of this paper is on identifying the 
productlservice position. 

METHOD 

In order to motivate the discussion, consider the optimal new product-concept positioning problem faced by a 
company interested in launching a single new producthrand resulting from a discontinuous innovation. 

The propositions presented in the paper rely on a number of premises and scenarios which, fortunately, can be 
subjected to empirical testing, Two separate studies were performed in this regard. The first was to construct 
parsimoniously the product-attributes space for a hypothetical new 'smokeless cigarette'. The second study was 
designed to test the empirical validity related to the number of segments, the identification of the parametier 
corresponding to the vector model of preferences, and the choice probability model. 

In the fust empirical study, the subjects were 103 undergraduate business students at a major Eastern university in 
the United States. A questionnaire was constructed, pretested, and administered. It contained two major parts 
assessing the subjects7 belief ratings and importance evaluations concerning twenty attributes elicited earllier via a 
number of focus groups. The major parts of the questionnaire employed two 1-5 scales (strongly disagree to 
strongly agree and very unimportant to very important). The other questions were constructed in an open-ended 
format. 

A second empirical study was conducted to test: (1) the predictive performance of the choice model which is an 
important component of the optimal new product-concept positioning approach presented earlier; and (2) the 
nonhomogenous preference-based market assumption. The subjects were (again) 108 undergraduate business 
students at a major Eastern university in the United States. They were requested to indicate their accept/reject 
choice decision for 19 positioning alternatives of hypothetical new 'smokeless cigarette' concepts. 

EVALUATION REPORTED BY THE AUTHORS 

In this paper the authors have focused on the problem of identifying specific locations or subregions for optimal new 
product-concept positioning in the perceptual product-attribute space. Their aim was to obtain sharp and 
generalizable insights for better targeting a discontinuous innovation. The analysis indicates that obtaining precise 
analytical expressions becomes intractable for three or more segments. Consequently, they had to employ various 
approximations under these circumstances in order to identify the subregion(s) of optimal new product-cloncept 



positioning. Empirical studies in the context of a new 'smokeless cigarette' suggest that the modeling approach has 
some degree of validity under the specified scenario. 
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ABSTRACT 

This research describes a new model of household vehicle use behavior by type of vehicle. Forecasts of future 
vehicle emissions, including potential gains that might be attributed to introductions of alternative-fuel (clean-fuel) 
vehicles, critically depend upon the ability to forecast vehicle-miles traveled by the fuel type, body style and size, 
and vintage of the vehicle. 

METHOD 

The data are from a 1993 survey conducted using geographically stratified pure random digit dialing. ?'he survey, 
covering most of urbanized California (excluding San Diego County), contained three distinct components: an initial 
computer-aided telephone interview (CATI), a customized postal questionnaire, and a follow-on CAT1 survey. 

The standard structural equations model (without latent variables) is given by y = By + r x + q (1) 

where y is an m x 1 column vector of endogenous variables, and x is an tz x 1 column vector of exogenous variables. 
The structural parameters are the elements of the matrices: 

B = matrix of causal links among the endogenous variables, 
(m x m> and 

r = matrix of direct causal (regression) effects from the n exogenous variables to the 
(m x n) m endogenous variables. 

The error-term parameters are the elements of the variance co-matrix: 

Y = E ( q q ) = symmetric variance-covariance matrix of the unexplained, or unique, 
(m x m) portions of the endogenous variables. 

For identification of system ( 1 ), B must be chosen such that ( I - B ) is non-singular, where I denotes 
the identity matrix of dimension m. 

The total effects of the endogenous variable on each other are given by 
H = (I-B)-I-I .  

The total effects of the exogenous variables on the endogenous variables in a structural equations 
model of this type are given by T = ( I  - B ) -' r , which are the parameters of 
the reduced-form equations. 

This model is being applied in a dynamic microsimulation forecasting system (Bunch et al., 1996), where a 
sociodemographic transition model and vehicle transactions models are used to forecast changes in households' 
sociodemographic structure and composition of the vehicle fleets. The use model is then exercised to forecast VMT 
for both the before and after situations for the household. The calculated change in forecasts is then applied as a 
percentage change to the actual base level of use for the household in the before situation. 



EVALUATION REPORTED BY THE AUTHORS 

The structural elegance of the models and their statistical fit to the sample data provide support to the authors' 
modeling approach. Moreover, the correspondence between pure RP results (Golob et al., 1995) and the piresent SP- 
RP results is encouraging. The author are also encouraged by the advantages associated with a jointly estimated RP- 
SP model that simultaneously captures the endogenous effects of vehicle reallocation along with perceived changes 
in utilization associated with electric vehicle characteristics. These effects are not available from RP data alone. 
The approach automatically produces estimates that are consistently scaled, and yields reduced-form equations that 
are convenient for forecasting utilization of alternative-fuel vehicles. 

However, the SP questions in the 1993 household survey from which these data were extracted are primarily 
focused on the issue of vehicle choice, and are potentially limited in capturing the full range of effects on use 
attributable to fuel availability, peak and off-peak recharge costs for EVs, cargo capacity, performance, and other 
vehicle and fuel-system characteristics that might distinguish future vehicles. These issues are being pursued 
through a second household survey, conducted in 1994, that contained a different vehicle-use SP protocol. When 
the 1994 data are available, the robustness of the present model results can be assessed, and hopefilly the model can 
be extended. 
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ABSTRACT 

Vehicle trials are an important source of information about how households would use battery electric vehicles. 
However, trial data are potentially biased because the novelty of the trial can introduce short-term changes in driving 
patterns and a positive effect for the technology can result from giving respondents special attention. In this study, 
the authors examine these methodological issues using data collected from travel diaries and pre-trial and post-trial 
surveys as part of an extensive trial of prototype electric vehicles (EVs) conducted by a major vehicle manufacturer. 
Households demonstrated that they can use the electric vehicle to make most of the everyday trips that were 
previously made on a conventional-fuel vehicle, but some trips will be shifted to other vehicles in the household's 
fleet. However, experience with electric vehicles does not change perceptions of desired vehicle range. Keeping a 
travel diary gave users direct feedback that they were usually travelling less than 50 miles per day, but there 
remained an expectation that vehicles should have a range of 100 miles or more. 

METHOD 

In the present vehicle trial, efforts were taken to minimize the problems cited above. The duration of household 
trials was two weeks, so that respondents had some time to familiarize themselves with the vehicles and use them 
routinely. The authors also incorporated some questions in a travel diary to test for use of the vehicle in 
'demonstration' trips. To help control for a 'Hawthorne effect,' participants were mostly chosen from a sample of 
respondents for which we had pre-trial-selection opinion data. Although they were not able to randomize drivers 
across EV makes and models, the authors did administer their survey instrument in two other trials that used 
different types of EV. Unfortunately, results from these other trials are proprietary. 

The vehicles trials were conducted in Southern California in 1995 and 1996. They were organized by a domestic 
automobile manufacturer in co-operation with two regional electric utilities. The sample was drawn from 
households which had previously participated in a state-wide University of California study about vehicle 
transactions and usage. The five criteria used to select participants are listed below. Importantly, the criteria did not 
include vehicle miles of travel (VMT) since the authors wished to explore how drivers coped with restricted vehicle 
range. Trial selection criteria were: 

1. Live within 40 miles of a designated EV service center, 
2. Be a customer of the major electric utilities in the area, 
3. Agree to participate and complete all forms, surveys, and interviews, 
4. Have a verifiable good driving record, 
5. Home has a 240 V, 30-amp circuit, or is easily retrofitted for it. 

The vehicles used in the trials were manufacturer's prototypes. Between each trial they were sent to a designated 
electric vehicle service center for cleaning and testing. The two-passenger vehicles were equipped with an advanced 
climate control system, sound system, and in-car phone. The exterior of the vehicle was not especially marked, and 
the body style did not differ radically from current vehicles. Participants were told that the EV range between 
recharges would depend on driving conditions and topography, but that it could do at least 100 miles under optimal 
conditions. 

Trial data were collected using several methods. First, pre- and post-trial survey instruments were designed that 
incorporated many questions used in the panel survey. These survey instruments were first tested in 1994 by an 



electric utility, during and 18-month-long trial of six conversion EVs. A travel diary with extensive testing from 
other transportation studies was administered. 

EVALUATION REPORTED BY THE AUTHORS 

The authors have argued throughout this paper that although trials are useful for collecting data, the results are not 
unbiased. They tried to identify some of the biases that trials introduce, and reconcile differences through a 
comparison of data collection techniques. 

The novelty of participating in an EV trial does lead to exaggerated reports of use. The inclusion of demonstration 
trips inflated the estimates of daily VMT. In this study, the sponsors chose to administer the pre-trial, seven-day 
travel diary for only one household vehicle. This limited the ability to study complex intra-vehicle switching, and 
the authors had to make inferences about this based on more indirect data techniques. They believe that this is an 
issue which future trials research may wish to address, and would recommend that multi-vehicle household diaries 
be used. 

In this study, respondents were studied over a two-week trial, and there was evidence that this duration wars a 
reasonable period for participation adaptation. The evidence indicates that it might also be possible to havfe a shorter 
trial period without adversely affecting the quality of the usage data. The study also provided evidence that people 
were fairly accurate at recording daily VMT over this period. 

Since VMT and other important measures can be collected using less obtrusive research methods, researchers may 
have to weigh the costs and benefits of staging vehicle trials. However, for certain types of information, a trial may 
be essential, particularly for describing detailed behaviors and patterns of vehicle use. 
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ABSTRACT 

Understanding the potential market for limited-range vehicles is important to planning research and development 
programs for electric and hybrid vehicles and for gaseous-fueled vehicles as well. Studies of consumer preferences 
and perceptions have shown vehicle range to be a very important vehicle attribute. Studies of household vehicle use, 
on the other hand, have suggested that the range requirements most households place on vehicles are quite modest. 
The latter, however, have been severely limited by the absence of longitudinal data on the usage of individual 
vehicles. Instead, they have relied on single-day surveys on many vehicles, an inappropriate data source. This study 
develops a method of estimating daily travel distributions for individual vehicles and applies it to a recent 
longitudinal survey of miles and days between refuelings for over 2000 vehicles. Every vehicle in the sam,ple has at 
least 3 consecutive refueling intervals. A variety of measures of "range requirement" are defined and calculated. 
The results c o n f m  the existence of a substantial potential marker (230-50% of all household vehicles) for vehicles 
with ranges on the order of 100 miles. Future research using these data and this method could describe the: nature of 
vehicles with limited-range needs and the households that own them. 

METHOD 

The objective of this study is to improve on market niche studies by using more appropriate data that have recently 
become available. The data in question came from a longitudinal survey of vehicle use by a large sample (2290) of 
households. Specifically, each household recorded the odometer reading of each vehicle it owned at each refueling 
and the date. This provides information on the number of miles traveled and number of days in each refueling 
interval. While this is still not precisely the information desired (that would be the miles traveled on each day), it 
does permit one to infer, subject to certain assumptions, the underlying distribution of daily travel. This approach, 
too, has limitations that will be detailed below. However, it permits estimation of the daily range requirements of 
individual vehicles, which was not possible before. In addition, because the survey also contains information on 
household and vehicles characteristics, it is possible to describe the limited-range vehicle market niche, as well as 
estimate its size. Clearly, one cannot expect this study to resolve all the remaining questions about the market 
potential of electric vehicles. Instead, it is hoped that it will make a significant contribution to understanding the 
potential market, and that this will be useful to planning electric vehicle research and development. 

The theory developed is based on the assumption that daily travel may be regarded as a series of independent 
random values drawn from a particular probability distribution. The problem is then one of determining the 
parameters of the underlying daily travel distribution for each vehicle, given observations on the sum of daily travel 
between refuelings and the number of days between refuelings. This type of data is known to exist in at least two 
major surveys. The assumption of independence implies that there will be no correlation between vehicle use one 
day and the next. Of course, it is much more likely that there is some positive association between current and past 
daily travel. It can be easily shown that such an association necessarily leads to an overestimate of the vxiability of 
daily travel under the presumption of independence. As a result, the importance of long-distance travel will be 
overestimated to an unknown degree. For the purpose of evaluating the applicability of limited-range vehicles then, 
the study results will be conservative. Maximum likelihood methodology provides a means of estimating the daily 
vehicle usage distribution for an individual vehicle, given the number of miles and number of days in each reheling 
interval. The National Family Opinion (NFO) Poll Gasoline Diary Panel survey provides an impressive (quantity of 
the source of vehicle refueling data. 



It was found that almost half of the vehicles in the sample have 95% of one-year's daily travel ranges of less than 
100 miles. For 25% of the vehicles, a 75-mile range would satisfy 95% of annual daily travel. For 5%, a mere 41- 
mile range would suffice. The sensitivity of range requirements to the percent of annual daily travel to be satisfied 
is quite pronounced. At the 90% level, a range of 104 miles would be adequate for 75% of vehicles hl the sample. 
At the 99% level (all but 3-4 days per year) a range of nearly 250 miles would be required. The results imply that, 
to cover the last few percentage points, or the last few days of vehicle use requires substantial increases in vehicle 
range. 

EVALUATION REPORTED BY THE AUTHOR 

A method has been developed for estimating the annual daily vehicle usage distributions for individual veh,icles, and 
it has been successfully applied to survey data on distances and days between refuelings for a large number of 
vehicles. Previous studies of the potential market for limited-range vehicles have been forced to employ data on the 
single-day travel of a cross section of vehicles. As these researchers have noted, these data are inappropriate. The 
results of this method confirm the existence of very substantial potential applicability for limited-range vehicles. 
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ABSTRACT 

The issue of whether electric vehicles (EVs) can meet the needs of fleet operators has been the focus of several 
internal studies conducted by the Pacific Gas and Electric Company (PG & E). This paper draws from those studies 
conducted over the past four years. Both empirical and opinion data are used. The empirical data comes from the 
Company's fleet database. Demonstration vehicle driver logs comments, driver surveys, and utility fleet manager 
focus group results help to provide a comprehensive picture of the EV's ability to meet fleet needs. 

Arguments have been made both favoring as well as rehting EVs' capability to meet real world operation needs of 
fleet users. The conclusions from the analysis reported in this study indicate that there are many fleet needs that can 
be met by today's EVs. 

Since 1992 PG&E has conducted several investigations into the nature of fleet needs for vehicles and how EVs can 
meet fleet operational needs. There are four types of data used in this study. 

Utility feet manager focus group on the usability of various types of EVs 
Demonstration vehicle driver surveys 
EV driver logs 
Statistical data on PG&E fleet vehicle use 

The opinion information was compiled over a period beginning in June 1993 and ending in May 1997. Several 
types of EVs were involved: Ford Ecostars, Honda CUVs, Honda EV Plus, General Motors Impacts (EVls) and a 
Toyota RAV4 EV. Surveys were given to repeat fleet drivers. 

Performance data for the generation of EVs being introduced into the marketplace by 1998 was used to determine 
the whether EVs could meet current fleet requirements. Life cycle cost, an important acquisition decision variable, 
was not considered in the context of this study. 

METHOD 

As a routine matter, PG&E logs the number of miles driven on a monthly basis for most of its vehicles. For this 
study, the researcher extracted mileage data for light duty passenger cars and pick-up trucks for the 12 months of 
1996. 

The second major resource used to determine the suitability of EVs for fleet operations was opinion information. 
This came in tree forms-focus group comments, driver log notes and driver surveys. The information collected 
through these means is used to qualitatively shape the conclusions. The driver log notes came from hundreds of 
entries over a 5-year period. Driver surveys are requested of each driver, though most do not complete the 
questionnaire provided. For this study, 38 surveys with relevant comments were used. 

It was found that there are additional barriers to acceptance of EVs into normal fleet operations. Factors such as 
initial costs, acquisition method, and internal fleet buying processes can all present barriers to introducing EVs into a 
fleet. 

EVALUATION REPORTED BY THE AUTHOR 

None. 



REFERENCE 

Hauser, John R. "Consumer Research to Focus R&D Projects." Journal of Product Innovation Management, Vol. 1, 
No. 2, p. 70-84, April 1984. 

KEYWORDS 

Focus group - experts, questionnaires, stratified random sample, market potential, preference analysis, logit, 
multinomial model, low-scan televideo, utility hnctions. 

ABSTRACT 

The effectiveness of research and development (R&D) can be greatly improved by the application of consumer 
theory, market research, and quantitative analysis. Such an approach provides the R&D team with managerially 
relevant diagnostic information to guide product design. 

In a study fbnded by the National Science Foundation to develop slow-scan televideo equipment, 429 questionnaire 
responses from personnel at Los Alamos Scientific Laboratory were subjected to perception, preference arid 
behavior analysis to obtain diagnostic information and benefit segmentation data and to identify potential users of 
the new technology. While the final success of the technology still depends on effective R&D, the development and 
analysis of consumer models can enable the R&D team to focus its technological innovations on the appropriate set 
of user benefits most likely to increase consumer acceptance. 

METHOD 

The first step was a series of three focus groups in which groups of six to eight scientists, engineers, and managers 
from the target market were brought together. Based on these focus groups and a series of pretests, a questionnaire 
was developed that was mailed to 800 scientists, engineers, and managers chosen randomly from the staff directory 
at Los Alamos Scientific Laboratory. For preference analysis a standard statistical technique known as preference 
logit was used. Preference logit adjusts the relative weights of effectiveness and ease of use until the product that a 
consumer is most likely to prefer has the largest utility where: 

Utility of a technology = (weight of effectiveness) x (effectiveness of a technology) + (weight of ease of use) x 
(ease of use of a technology). 

To predict the impact of changes in perception and preference, preference to behavior was linked by way of a 
behavioral prediction model. The statistical model used to predict behavior is the multinomial model. 

EVALUATION REPORTED BY THE AUTHOR 

This paper demonstrates how consumer theory, market research, and quantitative analysis can improve the 
effectiveness of R & D. The methodology presented is feasible and provides managerially relevant diagnostic 
information to the R & D team. However, it is only a guide. R & D and further market research are necessary to 
physically design the product. 
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ABSTRACT 

A popular model of new product diffusion is applied in an international setting. Several limitations on its use are 
noted: instability with limited data, environmental differences, and systematic under-reporting of estimated time to 
attain peak level of first purchase sales. 

A recurrent problem facing marketers of new products is that of forecasting the rate of market development. With 
consumer durables, where replacement purchases are delayed, the problem becomes predicting the growth rate for 
consumers' first purchases. 

Innovators make independent adoption decisions and are the first to purchase new products. As time progresses, 
adoption decisions become increasingly influenced by the process of word-of-mouth communication. Later 
adopters are more able to speak with earlier adopters to see or learn about the new product. For simplification, it is 
possible to label purchasers who are influenced by word-of-mouth as imitators. Imitators are influenced hi the 
timing of adoption by other members of the social system. This process, in aggregate, creates an adoption curve that 
lends itself well to mathematical modeling. 

METHOD 

This paper explores the accuracy of forecasts made with the model using varying lengths of input data. Fkst, for 
convenience and comparability, the products studies by Bass were used. Data for some products studied by Bass 
and Nevers were not available in the published articles, and the data series for one (refrigerators) was complicated 
by the intervention of World War 11. Data for the seven available products were taken from the graphs pul~lished by 
Bass. This led to slight differences between the results reported by Bass and reported here owing to the inaccuracies 
of interpolating from graphs. None of the differences are sufficient to affect the conclusions of the article. Sales 
forecasts were made for each product using 4, 6, 8, 10, 12, and all-year series as input data. Second, time rseries 
sales data were obtained for fifteen products in a variety of countries. As before, sales forecasts were made for each 
product using 4, 6, 8,10, 12, and all-year series as input data. 

Bass' method of estimation was followed throughout. First, multiple regression was used with domestic and 
international data to fit the model for sales of products such as refrigerators, color TVs, black and white T'Vs, 
washing machines, air conditioners, and others. 

EVALUATION REPORTED BY THE AUTHORS 

The model was fitted with historical data to test it in a forecasting mode. At least ten years of data were n~eeded to 
get reliable forecasts for the U.S. market for the consumer durables analyzed. While the model has structural 
validity, it is too unstable as a forecasting tool with short periods of actual sales data as input. 

The Bass model shows the value of a quadratic form in fitting adoption time series data. Its value as a predictive 
tool is limited in the early years of a product's life and in many international settings. This early point is when a 
forecast would be of most value. If the user can supply some of the parameterization through hindsight-quality 
estimates, the model becomes more reliable as a predictive tool; however, in international settings the timing to peak 
first purchase sales is often greatly underestimated. 
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ABSTRACT 

One of the major ways that manufacturers decrease the uncertainty that is involved in making a choice between 
competing brands of expeiience goods is through demonstrations of their new products. The authors investigate the 
issue of the length of a dmonstration and, in particular, provide answers to the following three questions: What is 
the optimal length of a demonstration? Does the optimal length vary between different products? Does the optimal 
length vary between different consumers? They analyze 225 cases from the motor vehicle industry and 46 cases 
from the computer industry with regard to number and length of demonstrations offered and relate the findings to 
their theoretical model. The empirical results yield strong support for their theory. They also find that moist firms 
offered a longer demonstration than needed and failed to use an appropriate segmentation technique for optimizing 
the demonstration with respect to different consumer groups. 

METHOD 

One of the major ways that manufacturers decrease uncertainty is through demonstrations of their new products. 
The authors analyze 225 cases from the motor vehicle industry and 46 cases from the computer industry with regard 
to number and length of demonstrations offered and relate the findings to a theoretical model. There are b u r  basic 
types of demonstration, which are categorized according to the location of the demonstration and the operator of the 
demonstrated good: 

1. Dealer's showroomisalesperson's demonstration 
2. Dealer's showroom/consumer's demonstration 
3. Consumer's office/salesperson's demonstration 
4. Consumer's office/consumer's demonstration 

The consumer tests the product in its future operating environment and directly observes whether it fits his or her 
particular needs and personal characteristics. One of the main advantages of this type of demonstration happens in 
the case of multiple users. If two persons or all family members are involved in the decision process of purchasing a 
new car, a demonstration would be helpful in persuading all potential users. The same holds with respect to multiple 
users with different needs of a new printer. 

In the empirical section of the study, the authors apply their model to the fourth demonstration mode (consumer's 
office, consumer's demonstration), but in principle, it may be applied to any of the four categories. They describe 
how the different demonstrations would be employed with the different product categories. The authors formulate 
hypotheses of the effect of production demonstration on purchase behavior. Product classifications are developed: 
play products, functional products, etc. (highlighted on next pages). The statistical significance of the hypotheses 
are then tested by examining cases. They analyze 225 demonstrations of an Italian car to evaluate the play products 
category, while 46 demonstrations of Hewlett-Packard printers are used to analyze the functional products category. 

EVALUATION REPORTED BY THE AUTHORS 

The mathematics development and proof of the maximization model are presented. The authors found that the firms 
offered a longer demonstration time than needed and that they also failed to use an appropriate segmentation 
technique for optimizing the demonstration with respect to different consumer groups. By conducting a rneaningful 
segmentation, based on prior knowledge and familiarity of the consumer with the product and the subject matter, the 



firm can deduce the likelihood of purchase for the two segments and ascertain an optimal demonstration tllme for 
each segment. 
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ABSTRACT 

A deluge of breakthroughs in the world's research and development labs have made the last several decades a period 
of profound technological change. These technological discoveries have spawned new generations of consumer and 
industrial goods and services capable of performing more complex and time-saving feats than all previous high- 
technology offerings. Yet, the problem is that the technological sophistication of the products is often ahead of the 
technological sophistication of the people who are meant to use them. The authors identified four predominant 
types of technological fear that can act as barriers to purchase: 

1. Fear of technical complexity 
2. Fear of rapid obsolescence 
3. Fear of social rejection 
4. Fear of physical harm 

METHOD 

A mail questionnaire was developed to ascertain the demographic and lifestyle characteristics of high-technology 
consumer innovators and their attitudes toward the four types of fears. Lifestyle differences showed up as well. 
Manufacturers often ask recent buyers to return warranty cards that ask for personal interests and .favorite 1.eisure 
activities. Using many of these warranty cards as a guide, 48 diverse activities and interests were selected for a 
questionnaire. Subsequently, applying the statistical technique of image factor analysis, the authors were able to 
identify ten lifestyle groupings among the 222 respondents, and gave them names as shown below: 

1. Rugged Non-Competitives 5. Bluebloods 8. Set-in-Their-Ways 
2. Gentle Introverts 6. Yuppies 9. Wealthy Sports 
3. Actives 7. Purists 10. Competitives 
4. Creators 

Further statistical analysis (using the logistic regression method) revealed that the most avid buyers of high-tech 
products were associated with three of the ten categories-the Creators, Purists, and Yuppies. By contrast, the 
people with the least inclination to buy high-technology products were associated with the Set-in-Their-Ways group. 

EVALUATION REPORTED BY THE AUTHORS 

In terms of demographics and attitudes, the city surveyed is considered to be typical middle America, as evidenced 
by its popularity for test marketing. Even so, the study needs replication in other parts of the United States and 
especially in other nations, where buying behavior may be different. For years, textbooks and articles have 
recommended separate marketing strategies for early and later purchasers of products incorporation significant 
technological advancements. This advice has been correct, as far as it goes. 

For example, innovator groups are likely to differ in activities and interests, and to some extent in their risk tolerance 
for ethically troublesome technologies with potentially deleterious consequences. Accounting for such differences 
can lead to both more effective and more efficient marketing programs. 
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ABSTRACT 

In this paper the author examined the demand for a hypothetical input, electric over-the-road vehicles, in the 
commercial sector using data from a survey experiment. This experiment is designed to allow the estimation of 
theoretically plausible derived demand functions from either the Translog or the CES production functions. A 
heteroscedasticity-corrected two-limit Tobit model is developed and estimated. The results provide evidence of 
considerable adaptability to new technologies and price structures on the part of f m s .  They evidently would be 
willing to cope with the limited traveling range of electric vehicles ifthese vehicles were able to provide a less 
costly means of doing business. In this paper is developed a methodology for empirically obtaining estimates of 
these elasticities and analyzing the resulting data. 

METHOD 

First, the investigation employs a nationally representative sample of commercial establishments. Second, by 
including more variation in the range treatment, more precise estimates of the relative importance of range: and costs 
are obtained. 

EVALUATION REPORTED BY THE AUTHOR 

The analysis provides strong evidence that firms would be willing to cope with the limited range of electric vehicles 
ifthese vehicles were able to provide a less costly means of doing business. 

Finally, and perhaps of greatest immediate importance to empirical economists, the survey experiment methodology 
appears to provide a relatively low-cost tool for investigating the likely response of firms to potential technological 
innovations. The estimated demand responses are plausible - both theoretically and behaviorally. 
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ABSTRACT 

Concern about carbon monoxide as a greenhouse gas has focused renewed attention on energy conservation because 
fossil fuel combustion is a major source of C02 emissions. Since it is generally acknowledged that energy use 
could be significantly reduced through broader adoption of existing technologies, policy makers need to know how 
effective various policy instruments might be in accelerating the diffusion of these technologies. This paper 
examines the factors that determine the rate of diffusion, focusing on (i) potential market failures: informaltion 
problems, principal-agent slippage, and unobserved costs, and (ii) explanations that do not represent market failures: 
private information costs, high discount rates, and heterogeneity among potential adopters. Through a series of 
simulations explored are how alternative policy instruments (both economic incentives and more conventional direct 
regulations) could hasten the difhsion of energy-conserving technologies. 

In this paper are examined two inextricably linked questions: what factors determine the rate of adoption of energy- 
conserving technologies and what types of public policy can accelerate their diffusion. 

METHOD 

As a necessary precondition for this policy analysis, the authors explore both market and non-market failures within 
two decision groups. The first group, requiring a decision about whether to incorporate a technology at a given 
time, may include construction of new industrial, commercial or residential structures or expansions or other 
modifications of existing establishments. By way of example, the authors discuss the question of whether to 
incorporate a potential energy-saving technology in the construction of a new home. The second group, requiring 
"whether-and-when determinations," includes retrofit decisions in various types of structures; here, the discussion 
focuses on the adoption decision faced by an individual considering the installation of an energy-saving technology 
in an existing home. Consider a builder who has the option of incorporating a new technology into the design of a 
house at a specified time, taking as given other design features of the house. 

The builder's decision may be modeled as an attempt to maximize the sum of the base selling price of the house (in 
the absence of the energy-saving technology) and the present discounted value of the expected energy savings if the 
technology is adopted (that is, the capitalized value of the installed technology), minus the cost of adoption. 

EVALUATION REPORTED BY THE AUTHORS 

Understanding the causes of the gradual diffusion of energy-conserving technologies is key to identifying 
appropriate policy responses. One set of causes, labeled the "nonmarket-failure" causes-private information costs, 
high discount rates, and heterogeneity among potential adopters-does not provide legitimate justifications for 
government intervention. On the other hand, a fairly large number of potential market-failure explanations- 
information problems, principal-agent slippage, and unobserved costs-can provide solid arguments for government 
action. While this analysis indicates how alternative policy instruments-both economic incentives and (direct 
regulations-can hasten the diffusion of energy conserving technologies, the selection of appropriate policy 
instruments will depend upon the relative importance of the various underlying explanations of the gradual diffusion 
of energy-efficiency technologies. 
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ABSTRACT 

Several of the largest marketing research suppliers estimate that 70 to 90% of their clients use purchase intention 
scales in some form on a regular basis. Though there have been many studies of purchase intention, relatively few 
researchers have tried to relate purchase intention to actual purchase behavior. Those who have attempted to relate 
the two often have found substantial variation between stated intention and actual behavior. The authors have 
collected what they believe is the largest and most comprehensive database on purchase intention and actual 
purchase behavior for new products yet developed. They use different models in a comparison of predictive 
accuracy when stated intentions data are adjusted by separate perceptions of products such as willingness to consult 
others before purchase, affordability, liking, and availability. 

METHOD 

Studies have shown a positive association between intention and purchase but have been less predictive of actual 
behavior than desired. The authors studied trial purchases for 10 newproducts, five durable and five nondurable. 
They confined their study to generic product descriptions rather than brand names. 

The authors compare predictions of purchase from three alternative models. In each case, stated intentions data 
obtained from the 5-point scale are modified to predict trial purchase probabilities. Broadly speaking, there are two 
ways to modify intent scales to predict trial purchase. One is to apply weights to the fractions in the sample to 
indicate degrees. If the weighting scheme is constant across products, the forecasting system will require only data 
about intentions. Another way is to use exogenous perceptual measure of new products on such characteristics as 
willingness to consult others before purchase, affordability, liking, and availability, which can be done within the 
context of different models relating intention to trial. Within the range of the products included in the stu~dy, the 
authors examine the degree to which products can describe variation in intentions and purchase relationships. 

Very few comparative studies have been done of the relationship between intention and behavior for new products at 
the individual level. This study helps fill that void. The results indicate that accurate predictions of purchase 
probabilities vary considerably across weighting schemes and products. However, it is possible to improve 
predictive accuracy by measuring and using perceptions that affect and modify the relationship between stated 
intentions and trial purchase for new products. The authors illustrate the approach within the cor~text of two 
different models relating intention to trial: Morrison's modified beta-binomial model and the linear modified 
intention model. 

EVALUATION REPORTEI) BY THE AUTHORS 

Though the authors believe their results to be very good for the set of products and conditions they studied and hold 
promise for the prediction of trial behavior in general, the products and measures are not exhaustive. However, the 
results do suggest that extensions could lead to the development of modifiers of intention for use in predicting trial 
purchase generally. In addition, the authors thlnk the measures they used in the study, along with the estimated 
relationships, could be employed successfully to predict trial purchase of other new consumer products. 

This study, along with many others in which intentions are compared with actual purchase behavior, has the 
potential limitation that purchase measures are obtained from person who are sampled. To the extent that those 
sampled have been stimulated to a greater degree of awareness by the perception and intention-to-buy questions, 
their behavior may be different from the behavior of the population at large. Though the authors do not have fm 



data on &e seriausnes~ of the contamination problem, a necessary condition for the $uccessful p~diction of 
pwchase in ihe whole population is the suo~ssful  prediction of the purcbsc that bas (ptrhapr) b e a  contmiwited 
by interitions questioning. The authors believe that sufficient variation in pcreeptlon, intention, and putohase over 
the products studied here makes pofisiblc: meawful analysis of the rtlationships aman$ these measures. 
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ABSTRACT 

Surveys of consumer intentions to buy are inefficient predictors of purchase rates because they do not provide 
accurate estimates of mean purchase rates because they do not provide accurate estimates of mean purchase 
probability. This is a consequence of the fact that intention surveys cannot detect movements in mean probability 
among nonintenders, who account for the bulk of actual purchases and for most of the time-series variance in 
purchase rates. 

Comparison of predictions from alternative surveys, one of subjective purchase probabilities and the other of buying 
intentions, indicates that purchase probabilities explain about twice as much of the cross-section variance in 
automobile purchase rates as buying intentions. Similar but not quite so conclusive differences are obtained from 
analysis of selected household durables. The probability variable predicts more accurately than the intention 
variable largely because it divides nonintenders, and those who report that they "don't know" about their buying 
intentions, into subgroups with systematically different purchase rates. 

This paper discusses the accuracy of predictions based on the traditional surveys of consumer buying intentions and 
suggests a hypothesis to explain the unimpressive performance of these surveys. This is followed by an analysis of 
the results of an experimental survey designed to provide an explicit measure of consumer purchase probability. 

METHOD 

The experimental design involved obtaining an essentially simultaneous measure of both purchase probability and 
buying intentions from identical respondents. Subsequently, information on actual purchases was obtained from the 
same respondents. 

The object of the experiment was to determine whether or not a probability survey was superior to an intentions 
survey. It was decided to use identical households in a direct confrontation of the competitive survey design. Hence 
a random sample of some 800 households that had participated in the July 1964 Quarterly Survey of Intentions 
(QSI) were reinterviewed a few days later with the experimental probability survey. 

EVALUATION REPORTED BY THE AUTHOR 

The results of the experimental survey suggest that a reasonably good proxy for household purchase probability can 
be obtained from a survey of subjective purchase probabilities. The data indicate that a survey of buying intentions 
is simply a less efficient way of getting an estimate of purchase probabilities than a survey of explicit probabilities. 
Intentions seem to have no informational content that a probability survey does not also have, and the probability 
survey is able to extract information that is not obtainable from intention surveys. 

One important question that cannot yet be answered concerns the role of disturbances in the relation betv~een ex-post 
purchase behavior and ex-ante purchase probability. The evidence suggests that such disturbances were of little or 
no consequence during the period examined in this study. 

A further limitation on the experiment is that few supplementary data were obtained. There is much to be said for 
the proposition that probability judgments would be sharpened by making the household explicitly aware of all the 
considerations that ought to have some relevance to purchase prospects. Thus a survey which, prior to asking about 
probabilities, contains questions on the households' income, income prospects, asset holdings, stocks of durables, 



repair experiences on durable stock, actual and prospective labor market participation, etc., may obtain more 
accurate judgements than a survey which does not. 
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ABSTRACT 

Market researchers often conduct surveys asking respondents to estimate their future demand for new products. 
However, projected demand may exhibit systematic bias. For example, the more respondents like a product, the 
more they may exaggerate their demand. The author found evidence of such exaggeration in a recent survey of 
demand for a potential new video product. In this paper, a computationally tractable procedure that corrects for a 
general form of systematic bias in demand projections is developed. This general form is characterized by a 
monotonic transformation of projected demand, and covers exaggeration bias as a special case. 

METHOD 

Many popular econometric models have the form: 
A( rl = (XfP0 + U 

In this paper, the following model is considered: 
A ( q  = (X'p, + u ){Xfp0 + u >c ) (21, 

where the constant c is known and lies in the interval (- o o , ~  ). This model allows a monotonic function of Y to 
equal a censored regression, and reduces to (1) when c = - a;! When c = 0, it is argued that the above equation (2) 
is a useful model for new product demand based on survey data. In this context, Y denotes reported demand and 
A(Y) denotes actual future demand. X is a vector of predictor variables, Do is a vector of unknown parameters, u is 
an error term, and A is a monotonic transformation. The inverse function, A-l, may be interpreted as a reporting 
function mapping actual demand into reported demand, Y. The authors develop a procedure for estimating Po ,  the 
variance of u, and A without making any parametric assumptions about the functional form of A. However, they 
assume that the distribution of u is known up to scale. They obtain dn-consistent estimates of the model 
parameters and show that the estimate of A converges to a Gaussian process at dn rate. These estimates can be used 
to produce reliable estimates of new product demand. 

The authors also present the Orbit procedure, so called because it borrows features from an ordered choice model 
and the Tobit model. It is a two-stage procedure in which they first estimate the parameters of the Tobit model, and 
then use these estimates to recover an estimate of the function A at points of interest. 

EVALUATION REPORTED BY AUTHORS 

In this paper the authors develop a two-stage procedure, called Orbit, for estimating ( 1 )  the parameters of a standard 
Tobit model for actual future demand, and (2) the function, A. They make no parametric assumptions about the 
functional form of A. Nor do they require that A be continuous. 

To apply the Orbit procedure, there must exist a positive safety point at which reported quantities equal actual 
quantities. This point must either be known apriori, or if unknown, must be consistently estimable and contained 
in a safe open interval. The authors provide graphical and formal tests of this assumption. When a given safety 
point is incorrect, the graphical tests can suggest a proper choice of safety point. 

The authors also apply the Orbit procedure to survey data on a potential new video product. Under the model 
assumptions, the survey respondents report demand projections that exaggerate actual future demand beyond 1.7 



times the median level, corresponding to about 25% of the sample. This level of exaggeration falls somewliere 
between linear and quadratic exaggeration. It is possible to apply a semiparametric version of Orbit that does not 
require making any parametric assumptions about the distribution of the error term. 
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ABSTRACT 

This research project addresses the form of government intervention for introducing electric and natural gas 
vehicles. The primary focus of this research is the cost savings from employing a marketable permit system (MPS) 
relative to traditional regulatory approaches for meeting current and future emission control standards. Tne research 
project is divided into two parts. In the first part, marketable permits for the introduction of alternative fuel vehicles 
(AFVs) are examined. In the second part, a permit system for the adoption of alternative fuels is addressed[. This 
document reports on the work completed to date on marketable permits for vehicles. 

METHOD 

To estimate the costs of emission control with a MPS, data on emission control costs for conventional gasoline 
vehicles were collected. A survey of car dealers for twelve vehicle manufacturers in the Sacramento area was 
performed from January 1991 through July 1991. Dealers were asked to provide cost information on emission 
control parts for a variety of engine families. These data were combined with information on manufacturer' and 
dealers' markup and assembly costs to estimate the total costs of emission control per vehicle. These data suggest 
that, on average, vehicle manufacturers spend about $840 per vehicle for emission control purposes. There is a 
substantial variation among manufacturers, with American producers reporting the lowest emission control costs and 
European reporting the highest. Total emission control costs for new cars sold in California in 1990 are estimated to 
be about $1.3 billion. 

Cost functions relating the total cost per vehicle to emissions per vehicles were estimated using the data collected for 
conventional vehicles. Significant differences were found in the cost functions by manufacturer and vehicle class. A 
simulation model of manufacturers' behavior was built wherein manufacturers are assumed to minimize the costs of 
emission control subject to meeting an emission standard. The effects of emission averaging and trading on the 
costs are estimated in this framework. 

EVALUATION REPORTED BY THE AUTHORS 

Although the results presented here are preliminary, they suggest that there may be sizable cost savings associated 
with a permit system relative to an inflexible standard. Information on the likely cost savings of a marketable permit 
system can be important input into public policy debates about the form regulation of mobile source emissiions 
should take. If a permit system can achieve sizable cost savings, industry can more easily adopt emissions reducing 
technologies such as electric and natural gas vehicles. As a result, a marketable permit system can be beneficial to 
both industry and the environment. 
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ABSTRACT 

The study took place in twelve monthly cycles from October 1995 through October 1996. During each cycle, five to 
eleven subjects were given a project-leased, 1995 Mercury Sable equipped with the Ali-Scout system to use in their 
everyday driving for 28 days. During each cycle, at least one equipped vehicle was held in reserve in case: a 
subject's vehicle needed to be replaced because of vehicle or Ali-Scout malfunction. 

The following procedure was used for every subject in each cycle. Subjects passing all recruitment criteria were 
contacted, scheduled into a cycle, and given a day, time, and location for an orientation meeting where they would 
learn about Ali-Scout and get their test vehicle (i.e., the handoff meeting). To ensure that all the subjects' questions 
could be answered and paperwork easily completed, no more than six subjects attended a handoff meeting at one 
time. Therefore, on days in which a cycle was to begin, two or more handoff meetings were conducted. 

After Ali-Scout training, subjects were told about the various research instruments they would be asked to complete. 
The first instrument was a questionnaire. Subjects were told that during their third week of participation, a 
questionnaire would be mailed to them. Survey questions were grouped into seven categories that focused on the 
characteristics of the subject and his or her attitudes towards and use of the Ali-Scout system. These categories were 
driving and commuting, use of technology, Ali-Scout operation and displays, the Ali-Scout system as a whole, use 
of the Ali-Scout system, valuation, and subject demographics. The second study instrument was driver log in which 
subjects kept a detailed record of driving behaviors and experiences with Ali-Scout for all 28 days of participation. 
Study participants were asked to keep a record of all trips in which they drove the Ali-Scout equipped vehicle. 

METHOD 

There were two independent variables in the study: gender (Male and Female) and age group (19-to-29,30-to-64, 
and 65-to-80 years of age). The age groups were selected to represent distinct groups of potential users of in-vehicle 
navigation assistance systems. Drivers under the age of 19 and over the age of 80 were excluded from participation 
because of their elevated crash risk. Participants were given a project-leased vehicle to drive as their own for a one- 
month period. During this period, subjects maintained a log of their trips and completed a questionnaire. 

One hundred and two subjects (i.e., 17 subjects in each of the six cells of the experiment) volunteered to ]participate 
in this study and were recruited from the general population of drivers in the Oakland County study area. In order to 
obtain the widest range of subject demographics as possible among licensed drivers, subjects were recruited at a 
Michigan Secretary of State (SOS) office in Troy, Michigan. As people stopped by the SOS office to tak.e care of 
matters concerning their driver licenses or vehicles, they could stop by a booth staffed by the research team. Here 
they could obtain information concerning the experiment and see a video presentation that explained the FAST- 
TRAC project and the features of Ali-Scout. Interested persons completed a short questionnaire on the amount of 
driving they did in the study area and their history of crashes and convictions. Potential subjects who indicated that 
they either did less than one-half of their driving in the study area; had a drunk driving conviction; had a conviction 
related to use, distribution, or transportation of a controlled substance; more than six points on their driving record; 
more than one at-fault crash; or were serving a criminalhaffic sentence were excluded from participation. The 
driving records of the rest of the potential participants were checked through the SOS office. Again, those subjects 
not meeting the above criteria were excluded. Because of a lack of both younger and older people at the SOS office, 
the recruitment efforts were supplemented at Oakland University and Beaumont Hospital as necessary. 



EVALUATION REPORTED BY THE AUTHORS 

None reported in text. However, an author reports that some of the data are not as good as would be desirable 
because of bias in the method. Some participants, particularly young males, tried to please the study team by under- 
reporting problems. However, good data were obtained on people's views of the technology. Further, the subjects 
had the technology to test. This is different from the case with the PNGV where the technology will not be 
available. 
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ABSTRACT 

The FAST-TRAC project included tests of two in-vehicle advanced traveler information systems (ATIS) that 
provided drivers with in-vehicle navigation assistance. These systems, Ali-Scout and TetraStar, both made by 
Siemens Corporation, provided drivers with turn-by-turn route guidance through visual and auditory commands. 

The authors investigated the perceptions and behaviors of users of these systems with the intent of understanding 
how they used these systems in their everyday driving, whether they perceived any advantages or disadvantages of 
the ATIS devices and whether they liked the systems well enough to consider buying them and, if so, at what price. 
The investigations included two natural use studies, in which subjects were given a project vehicle equipped with an 
in-vehicle navigation device for one month, kept detailed driver's logs of their trips, and completed a detailed survey 
about their perceptions and valuations of the systems. 

The objectives were to gain an understanding of how older drivers use the in-vehicle navigation systems in 
copiloting; to identify problems that older drivers have in learning and understanding in-vehicle navigation systems; 
and to propose ways in which these problems can be overcome. 

METHOD 

People over 64 years of age who participated in the Ali-Scout and TetraStar natural use studies were invitled for a 
group interview to discuss how they navigate in general and their experiences with learning, understanding, and 
using the in-vehicle navigation systems in particular. Because driving and navigating a vehicle are often team 
activities, their spouses were also invited to participate. 

EVALUATION REPORTED BY THE AUTHORS 

None reported in text. However, an author reports that some of the data are not as good as would be desirable 
because of bias in the method. Some participants tried to please the study team by under-reporting problems. 
However, good data were obtained on people's views of the technology. In addition, focus group data are not 
generalizable to the population. Further, the subjects had the technology to test. This is different from the case with 
the PNGV where the technology will not be available. 
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ABSTRACT 

This report is one of a series of papers developed or produced by the Economic Analysis Division of the John A. 
Volpe National Transportation Systems Center as part of its research project looking into issues surroundinlg user 
response and market development for selected Intelligent Vehicle-Highway Systems (IVHS) products or services 

The objective of the project was to better understand factors affecting the development and deployment of selected 
advanced traveler information products and services (ATIS). The Center addressed the objective by examining the 
development of markets for selected ATIS-related products and services and reviewing factors affecting the public 
acceptance and user response to existing traffic information services. 

The Volpe Center and FHWA jointly conducted a workshop in the fall of 1992 to discuss issues involved with 
assessing the market for IVHS products and services. The objectives of the workshop were to help define a research 
program which would address measuring user acceptance and response to ATIS products and services and the role 
market research plays in understanding emerging markets for new or unknown products and services. 

The results of the workshop are reflected in the four research tasks initiated as part of this program and the seven 
papers, which comprise it. The four task areas are summarized below. Copies of the papers will be provided upon 
request to the Volpe Center. 

METHOD 

The methodology for user behavior research of this nature consists of two components, data collection and data 
analysis and modeling. Data on user behavior should be collected using a combination of approaches. Direct 
observations of user acceptance and reactions to ATIS could be obtained from, simulated laboratory experiments, 
field operational tests, and data analysis and modeling. Methods for the analysis of the collected data range from 
simple explanatory data analysis to obtaining descriptive statistics and analyzing individual behavior using advanced 
statistical methods. 

This report presents a review of existing travel simulators and ongoing data collection and modeling efforts using 
these simulators. The report also suggests approaches for evaluating the validity of data collected through travel 
simulators in general. 

EVALUATION REPORTED BY THE AUTHORS 

None. 
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ABSTRACT 

Drive clinics and follow-up focus groups were held with members of two hypothetical early market segments for 
electric vehicles - EV innovators and environmentalists. These two groups are often cited as likely initial buyers 
of new, original equipment manufacturer (OEM) EVs. As the first buyers, these people would be influential in 
setting the course of EV sales. These assumptions about early market segments raise several questions. First, can 
"innovator" and "green" market segments be identified prior to the existence of an EV market? Will these people 
actually be among the early buyers of OEM EVs? If the answers to both these questions are affirmative, then what 
attributes of EVs act as incentives or barriers to purchase? And, which attributes affect choices between pixticular 
EVs? 

METHOD 

In order to test these suppositions members of the Sacramento chapter of the Electric Automobile Association 
(EAA) and recruits at the Davis Whole Earth Festival (WEF) were given the opportunity to see, ride, and drive a 
variety of EVs. While at the drive clinic, participants completed a pre-survey, and were then conducted through a 
tour of the vehicles by an interviewer who recorded their responses to the vehicles. Participants then fillecl out a 
post-test drive questionnaire and scheduled a time to return for a focus group. In the focus groups, participants were 
guided through a series of questions on how each of the types of vehicles they had seen at the drive clinic would fit 
into their lives. This discussion focused on vehicle attributes and the specific travel behavior of the partici.pants. 
The group then discussed in a more general way the advantages and disadvantages of EVs. Lastly, vehicle purchase 
intentions were explored in the context of the information base built up through the drive clinic and the group 
discussions. A total of 26 people completed the entire process. 

Vehicles that the EAA members reviewed were as follows: City-EI, Kewet, Solectria Geo Metro conversion, 
Horlacher City and Sport, and Esoro. WEF recruits reviewed these same vehicles with the exception of th.e Kewet. 

These vehicles represent a broad spectrum of performance and body styles. The City-EI represents the lowest 
performance level on several scales; it seats only one person, has a top speed of 30 to 35 miles per hour, a driving 
range of 20 to 30 miles, and a total payload capacity which was exceeded by a few of the test drivers withlout any 
other cargo. The Kewet offers two seats, a more traditional, upright driving position, a top speed of 40 miles per 
hour and a driving range of 40 miles. The remaining vehicles are all freeway capable, with top speeds in the range 
of 65 to 75 mph and driving ranges of 60 to 80 miles. All the freeway capable vehicles seat at least two people. 
Only the Esoro offers 2 + 2 seating. All six vehicles can charge from a standard 110-volt outlet. 

EVALUATION REPORTED BY THE AUTHORS 

This study asks, and attempts to answer, three questions. First, can we identify members of early market segments 
for electric vehicles prior to the existence of markets for vehicles? Second, if we can identify those peopl'e, do they 
express positive purchase intentions when presented with the opportunity to ride and drive a variety of electric 
vehicles? And third, what attributes of the vehicles determine choices between the vehicles? 

The first question is of fundamental importance because most studies of new products are based on retroslpective 
histories - this study differs in that it examines two hypothetical market segments for a product not yet widely 
available. The only definitive answer to the question is that as the terms "innovator" and "early adopter" are used in 
the difhsion of innovation literature, they cannot be identified a priori because the very definition depends on 



comparisons of persons in these groups to later buyers of the product. This circular reasoning highlights the 
importance of the type of market analysis performed in this study. Hypothetical groups must be identified, their 
responses to electric vehicles assessed, and adjustments made to either or both the hypotheses or the product. 

It should be noted that the group of "environmentalists" cannot be distinguished from the "EV innovators" on 
several attributes, most notably those characteristics which were to have identified them as environmentalists. This 
fact indicates that concern with air quality and the desire to do something about it has become a part of the more 
general social fabric of Sacramento and Davis. We may no longer be able to differentiate consumers based on this 
definition of "environmentalist." The search for early buyers of electric vehicles will have to find new ways to 
segment the market. 

The answer to the second question is yes, and no. Based on their responses to the vehicles and accepting that each 
respondent has been correctly identified as an EV innovator or an environmentalist, the participants in this study are 
ambivalent with respect to choices of electric vehicles they rode and drove. Yes, there are some positive purchase 
intentions expressed. Fifteen of the 26 participants chose one of the vehicles they had tested in a hypothetical 
purchase decision. Three facts counter this positive response. First, 11 participants chose none of the vehicles. 
Second, 8 of the 15 who did choose a vehicle, chose the Solectria conversion. Third, the prices at which the 
prototype OEM vehicles were chosen represented the optimistic assumption that the prototypes would be priced 
similarly to gasoline vehicles of similar body styles (e.g. Honda del Sol, Mazda MX3). 

With regard to the last question, the vehicle attributes which determined choices were price, top speed, driving 
range, and styling. Price determined both whether any EV was considered and choices between vehicles. Top speed 
and driving range separated the smaller, slower City-El and Kewet from the freeway capable Solectria, Esioro, and 
Horlachers. The two participants who identified that the non-freeway capable vehicles could access a large number 
of their activities chose these limited performance, limited range, low price vehicles. Within the group of freeway 
capable vehicles, respondent's choices tended to maximize either top speed or driving range, and then to select for 
specific styling features. 
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ABSTRACT 

The debate over electric vehicles (EVs) pivots largely on issues of market demand: will consumers purchase a 
vehicle that provides substantially less driving range, yet can be refueled at home, than an otherwise comparable 
gasoline vehicle? Also, what roles do other unique attributes of EVs play in the purchase decision? Most previous 
studies find that limited driving range is a serious market barrier; many of those same studies ignore or under-value 
other novel attributes. To probe these future consumer decision processes deeply and robustly, the authors; first 
devised and conducted detailed, interactive and experiment-oriented interviews. Then, incorporating what was 
learned, they designed an innovative mail survey and administered it to 454 multi-car households in California. The 
four-stage mail survey included a video of EV use and recharging and other informational material, completion of a 
3-day trip diary and map of activity locations, and vehicle choice experiments. In addition to propulsion systems, 
respondents made choices of body styles, driving ranges, and other features. The authors formalized and tested what 
they call the hybrid household hypothesis: households who choose EVs will be purposefully diversifying their 
vehicle holdings to achieve the unique advantages of different propulsion systems. The hypothesis is supported, 
given the assumptions in the experimental design. In fact, a significantly larger number of EVs are chosen than the 
minimum number that would support the hypothesis. The authors find that purchases of battery-powered EVs by 
hybrid households would account for between 7 and 18% of annual light-duty vehicle sales in California. EVs sold 
to fleets and other households would be in addition to those identified by this study. 

METHOD 

Previous EV market studies: In the absence of data on actual sales, researchers have previously tried three methods 
to develop estimates of EV market potential-attitude studies, travel behavior analyses, and stated preference surveys. 

The problem with attitude surveys is that they represent consumers' ideals and not their full decision processes. 
They tend to overstate the demand for EVs because of the vehicles' clean, progressive image. Travel behavior 
studies that address the role of limited range also overstate the demand. These studies identify households with 
daily driving patterns that match the range capabilities of EVs. 

Most stated preference studies, in contrast, have produced very low estimates of EV demand, from 0 to 2%, 
primarily because they estimate huge average price penalties for a limited range. 

The authors' approach to experimental design is built upon three areas of active research in transportation: activity- 
based approaches, gaming simulations, and interactive stated response methods, and a fourth new area they call 
reflexive design, which is not unique to this work, but which is previously not identified in the literature. 

The survey instrument was divided into four parts and was designed to be completed over several days to encourage 
critical evaluation of the options. The four parts are summarized below. 

Part 1: Initial survey of household vehicle holdings, purchase intentions for next new vehicle, 
demographics, and environmental attitudes. 

Part 2. Three-day travel diary for two primary household vehicles, a map on which the 
household plotted their activity locations, and a survey of the travel and refueling 
behavior of the two primary drivers. 



Part 3. Informational video and reprinted articles from major media that explain and demonstrate 
distinct refueling and recharging routines, emissions, and other new features of compressed 
natural gas, battery powered electric, hybrid electric and neighborhood electric vehicles. 

Part 4. Choice experiments related to their next vehicle purchase. 

Part 4 of the questionnaire consisted of two vehicle-choice scenarios in which respondents were asked about their 
next expected new vehicle transaction. Each scenario was a distinct experiment. Situation 1 was a test of the hybrid 
household hypothesis. It involved a choice between conventional, gasoline-fueled-vehicles and limited-ranged, 
home-recharged, electric vehicles. Situation 2 was designed as one plausible future market scenario, designed 
primarily to test a corollary of the hybrid household hypothesis - that the demand for EVs can be segmented by the 
demand for driving range - and to explore the lower boundary on the demand for range. Six vehicle types were 
offered: reformulated gasoline, compressed natural gas, hybrid electric, two types of freeway-capable battery 
electric, and a neighborhood battery electric. 

EVALUATION REPORTED BY THE AUTHORS 

The authors identified a substantial market for reduced-range, home-recharged electric vehicles among a particular 
group of multi-car households. Though they provide a quantitative estimate of sales to this market segment - 18% 
of the annual new light-duty vehicle market in California for battery-powered EVs with ranges of 40-150 i d e s  - 
these numbers should be viewed as being illustrative of market responses, not as forecasts. Actual EV purchases 
could be far more or less, depending on prices, vehicle performance, marketing strategies, government incentives 
and rules, and ultimately, on whether consumers regard the EVs offered to them as affordable, viable options within 
a variety of transportation services. 

The fundamental differences between electric and gasoline vehicles in the choice experiments were driving range, 
home recharging, and emissions. Purchase prices in particular were designed to overlap between vehicle types. 

Studies often fail to identify markets for new technologies because researchers search among the existing inventory 
of consumer preferences and market segments. When potential buyers have not yet constructed preferences for the 
attributes of novel technologies, attempting to identify and measure market segments will surely mis-estimate future 
demand. The authors believe that, in order to avoid the pitfalls that they found in previous EV market studies, 
market research into many new transportation technologies, especially technologies with social costs and lbenefits, 
would be improved by a multi-stage, experimental and process-oriented approach such as that which they designed 
for this study of electric vehicles. Study lifestyle goals to evaluate the practical and symbolic values of new 
technologies. The answer may be a participants must be given adequate information and decision-making contexts 
based on their own daily life and solid market, as we found here for EVs. 
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ABSTRACT 

The difhsion model developed by Bass (1969) constitutes an empirical generalization. It represents a pattern or 
regularity that has been shown to repeat over many new products and services in many countries and over variety 
circumstances. Applications, modifications, and extensions of the model have lead to further generalizations. In 
addition to the empirical generalizations that stem from the model, the authors discuss some of the managerial 
applications of the model. 

METHOD 

The authors use graphical, algebraic, and written representation of managerial applications of a diffusion rnodel that 
applies to the patterns of initial purchases of a product. 

Rogers has hypothesized that the adoption pattern is a normal distribution. He has suggested that there are five 
categories of adopters based on when adoption occurs. 

1. Innovators 2.5 % 
2. Early adopters 13.5 
3. Early majority 34 
4. Late majority 34 
5. Laggards 16 

Norton and Bass estimated the parameters and examined the fits of this model for 12 product categories for products 
in electronics, pharmaceuticals, consumer products, and industrial product categories and found that in every 
instance the fits were extremely good. This model is derived from the Bass model and implies that the underlying 
diffusion process of this model governs the process of adoption and disadoption for successive generations of 
technologies. 

This empirical generalization has important implications from an applied forecasting standpoint in that it i.s possible 
to estimate parameters based on data from early generations to forecast diffusion of later generations conditional on 
the timing of introduction of the later generations. 

Forecasting adoption timing prior to product introduction will obviously require guesses of parameters: 
(1) market size, (2) the time of the peak in the adoption rate, and (3) the adoption rate at the peak. 

EVALUATION REPORTED BY THE AUTHORS 

The Bass diffusion model constitutes an empirical generalization. In addition, other empirical generalizations have 
been spawned by application and extensions of the model. Early applications of the method were restricted to 
forecasts, but as shown here, a variety of other applications areas have emerged. The authors expect furthler 
empirical generalizations to emerge around existing and future application areas. 
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ABSTRACT 

Given the importance of forecasting the performance of new products and services in the marketplace, numerous 
new-product-forecasting models have been developed over the years, both in industry and academia. This paper 
evaluates strengths and weaknesses of these models and outlines a research agenda to enhance their implernentation 
and further development. 

METHOD 

New-product-forecasting models vary not only with respect to their objectives and users, but also with respect to 
their databases. In general, these models use one or more of the following data sources: 

1. Management and expert judgments: management's or experts' subjective estimates are used to forecast new 
product's likely performance. 

2. Analogous products: a product with similar characteristics to those of the new product under consideration is 
used to forecast its likely performance. 

3. Consumers: based on consumer responses, likely performance of a new product is revived by estimating its 
awareness, trial and repeat. 

The three types of forecasting models, especially the consumer-based models, vary with respect to the stage in the 
new-product-development process for which they are most appropriate. 

EVALUATION REPORTED BY THE AUTHORS 

After briefly reviewing strengths and weaknesses of the various types of currently available new product forecasting 
models, this paper outlined twelve areas of research and implementation that can help (a) practitioners improve the 
existing models to enhance their utilization in evaluating new product decisions, and (b) researchers develop models 
that better meet the needs of users of new-product-forecasting models. 

Directions for research and implementation: 
I. Improving the utility of existing models 

1. A comprehensive analytical and empirical comparison of the models (like the M-competition for the 
time-series models). 

2. External validation of the models. 
3. Combination of forecasts. 
4. Identification of conditions for skipping forecasts at the various stages of the new-product- 

development process. 
5. Integration with financial criteria of product success. 
6. Combination of models. 

11, Broadening the scope 
7. New-product models for truly innovative breakthrough products. 
8. Models based on the newly available databases. 
9, Development of models incorporating offensive and defensive strategies. 
10. Development of forecasting expert systems. 
11. Incorporation of the concept of marketing hype. 
12. Models for global markets. 
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ABSTRACT 

This analysis of electricity customers in five electric cooperatives and in a metropolitan area in the U S ,  has shown 
that tomorrow's electric vehicles (EVs) can perform a large portion of household, farm, commercial, and 
governmental fleet daily vehicle usage. It was found that EVs could penetrate some commercial fleets rapidly, 
while for others, market penetration will be delayed until significantly better range can be achieved. For the 
National Rural Electric Cooperative Association (NRECA), a scientific, fully field-tested methodology was 
developed to determine the potential market for EVs and the impact of those EVs on load and revenue. The 
methodology was then refined and expanded, and applied to the Twin Cities in Minnesota metropolitan area for 
Northern States Power (NSP). Besides these uses intended for electric utilities, the method and its results could be 
used by environmental or energy organizations to determine the potential air quality or energy impacts of EVs in 
their region. 

METHOD 

First, a sample of residential customers or of a commercial subsector was drawn. (For NSP, the commercial sector 
was stratified into eight subsectors because vehicle-use patterns very widely by the type of business, e.g., consider 
the daily use of school buses compared to local delivery trucks or to rental vehicles.) A questionnaire was mailed to 
each customer in the sample requesting the characteristics of the household or firm and how their vehicles are used 
each day. Next, a set of technical and economic criteria was applied to each of the respondent's vehicles .to 
determine their EV potential. The vehicles that meet the criteria represent the sample market potential. This sample 
market is factored up to the population of residential or commercial subsector vehicles, resulting in the pcpulation 
market potential, i.e., all the vehicles in the geographical study area having daily uses that could be EVs based solely 
on the criteria. Not all these vehicles will actually become EVs in the study years, so market penetration factors 
were applied, resulting in the vehicles in the expected residential or commercial subsector market. The energy, 
load, revenue, and local service impacts of these vehicles were then calculated and aggregated to all expected EVs in 
the study area. 

The main technical criterion used in the NSP study concerns maximum daily mileage. For 2002, if that mileage was 
above 50 miles, the vehicle was not counted as an EV; for 2007, the screen was 100 miles. The only way to 
determine the expected markets for EVs is by analogy to the market penetration of some other product. It was 
decided to look at a relatively recent introduction of a new body type - minivans. Market penetration factors of 3% 
in 2002 and 10% in 2007 were used as a reasonable on-the-road percentage of market potential. 

The NSP residential survey began with five questions about the respondent's knowledge of and attitudes toward 
EVs: knowledge, willingness to buy with age of respondent, household vehicle distribution by daily max:imum and 
typical miles. Similar analysis was performed on each of the NSP commercial subsector survey results. For both 
the residential and commercial customers, several case studies were drawn from the data. 

When the residential and commercial sector results were combined, by 2007, the number of expected EVs in the 
Twin Cities region is less than 3% of the regions' vehicles. By 2007, EVs will just begin penetrating the market. 



EVALUATION REPORTED BY THE AUTHORS 

The methodology developed and tested for NRECA and refined and expanded for NSP is a tool that can be used for 
any geographical area, with some of the details altered to meet local circumstances, the type of results desired, or 
different forecasts years. It gives very reasonable and consistent results. The cost of implementing the methodology 
for a given geographical area is well below the cost of developing it, thus it is a cost-effective way to learn EV 
potential and impacts. Besides applications of the methodology by electric utilities, it and its results could be used 
by environmental or energy organizations to determine the potential air quality or energy impacts of EVs in their 
region. Another user could be a car dealership to determine if EVs could be a viable product line. No analytical 
evaluation was presented. 
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ABSTRACT 

The significance of the multivehicle household in the U.S. has increased substantially in recent years to the point 
where over 80% of household vehicles holdings are owned by multivehicle households. Despite this fact, traditional 
travel demand models have not explored the determinants of individual vehicle use in such households, even though 
knowledge of vehicle usage allocations within household fleets is critical to subsequent fuel consumption forecasts. 
The objective of the current research is to overcome the weaknesses of previous research efforts by presenting a 
discussion and corresponding model of individual vehicle utilization in multivehicle households. 

METHOD 

An econometric model of individual vehicle use in multivehicle households is presented, having been estimated with 
national disaggregate data of two-vehicle households. The model evaluates household activity informatioln against 
household vehicle allocation. 

Activity choices include: type of activity; location of activity (destination); mode; route; time of day; and activity 
duration. Vehicle allocation variables include: number of available vehicles; type of available vehicles; bargaining 
among household members for access to vehicles; and within-household vehicle attachments (ownership). 

The primary data source used for model estimation was the 1979-80 Household Transportation Panel collected by 
the Energy Information Administration of the U.S. Department of Energy. This data source contains a w~salth of 
information relating to vehicle use including: vehicle principal driver identification with age, employment status and 
sex, household socioeconomic data, vehicle make and model information in coded form, vehicle vintage, and 
monthly vehicle usage determined from actual odometer readings. 

To illustrate the potential usefulness of the model, the impacts of a doubling of fuel prices were considered. 
The implied price elasticity in the two-vehicle household population is -0.1 13 with respect to vehicle mil~es of travel 
(VMT). 

It was found that: 

1. Traditional aggregate and disaggregate models of VMT have virtually ignored individual vehicle use in 
multivehicle households, and hence their forecasting capabilities are necessarily limited. 

2. Estimation of an appropriate model of individual vehicle use in multivehicle households can be achieved using a 
simultaneous equation approach. 

3. The impacts of fuel price increases on individual vehicle use vary significantly across income group,s and 
vehicle fuel efficiency categories, thereby underscoring the importance of household socioeconomic conditions 
and household fleet composition. 

4. The ability of multivehicle households to substitute the use of more efficient vehicles for the use of lless efficient 
ones should be considered in VMT-price elasticity estimates. 

EVALUATION REPORTED BY THE AUTHOR 

With the variables defined and a linear functional form selected, the reduced form of the equation system was solved 
to make certain that parameter identification problems did not exist, and in fact the system was found to be over- 
identified. Model estimation was then performed using three-stage least squares (3SLS) with a Davidon-Fletcher- 
Powell optimization algorithm. The parameters were constrained across equations. All of the variables are properly 



signed as suggested by prior expectations. Moreover, all of the coefficients were found to be significant at well over 
the 90% confidence level (using a one-tailed t-test) with the exception of oa which is significant at the 85% 
confidence level. The magnitudes of the estimated coefficients also seem to be quite reasonable. For e:tam.ple, all 
other factors equal: (1) principal drivers under 50 yr, of age drive their vehicles 123.51 miles more per rnonth than 
those over 50, (2) urban households drive 154.44 miles less than rural ones, (3) female principal drivers operate their 
vehicles 130.93 miles less than males, and (4) for every 100 miles driven on a "competing" vehicle, the modeled 
vehicle will be driven 17.2 miles less. 

The estimation produced single equation R-squared's of 0.2395 and 0.261 1, which are quite satisfactory considering 
the amount of variance inherent in disaggregate data of the type used in this study. As a final note, it is believed that 
the model fit could be enhanced by data that is more detailed than that available for this study. Specifically, 
information relating to the type of activities the principal driver actually undertakes, such as type of work, types of 
leisure activities, and so on, would be of considerable value. 
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ABSTRACT 

This article seeks to explain the recent growth in the adoption of air bags in the new automobiles. The analysis 
focuses on market forces, that is, consumers' willingness to pay for air bags and automakers' responsiveness to 
consumers' willingness to pay. 

METHOD 

Since 1990 air bags have been available on enough vehicle models to permit us to infer through a statistical model 
what consumers are willing to pay for air bags. The approach taken is to estimate a model of consumer choice of 
which new vehicle to purchase. The coefficients that capture the effect, on this choice, of a vehicle's price and 
whether an air bag is available on this vehicle can be used to estimate consumers willingness to pay for an air bag. 

The data set is from a national household panel administered by National Family Opinion Inc., Toledo, Ohio, and 
managed by Alison Fisher, Inc. The sample consisted of complete vehicle ownership histories of households that 
purchased a new car from 1990 through 1993. Respondents provided information to construct the brand loyalty 
variables, socioeconomic variables, and air bag interaction variables. The remaining vehicle attributes are from the 
1990-1993 issues of the Market Data Book published by Automotive News. Separate new vehicle choice models 
were initially estimated for the years 1990, 1991, 1992, and 1993. Because statistical tests indicated that the 
models' parameters were not statistically significantly different during these time periods, a single model for the 
entire period was estimated. 

EVALUATION REPORTED BY THE AUTHORS 

None. 
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ABSTRACT 

"Quality Metrics" evaluations are conducted on an annual basis in the U.S. DOE. Office of Energy Efficiency and 
Renewable Energy (EERE) to assess the energy and environmental benefits potential of EERE programs. The 
Quality Metrics program of EEIRE and the preparation of the EPACT 2021 report to Congress led to the 
development of an impacts assessment methodology for the Office of Transportation Technologies (OTT)I, which is 
continually improved and updated. This document provides the final documentation for the Quality Metr:ics 2000 
(QM 2000) analytical process and results, and an overview discussion of continuing work. It is named QM 2000 
because the benefits are listed in the FY2000 budget to Congress. 

METHOD 

Vehicle choice analysis techniques were used to estimate the market penetration of technologies in five light vehicle 
classes, medium trucks (classes 3 through 6) and heavy trucks (classes 7 & 8). The Vehicle SizeIConsumer Choice 
(VSCC) model was developed to define the successful introduction of technologies in light vehicles by vehicle size 
class. This modeling exercise acknowledges that not all technologies are applicable to all size classes and that the 
introduction of advanced technologies is a gradual one. The VSCC model is a discrete choice, multi-attribute logit 
model designed to simulate the household market for alternative-fuel light vehicles. The model forecasts, to the year 
2020, the future sales of conventional and alternatively fueled light vehicles by size class, technology and fuel type. 
Market penetration estimates are based on consumer derived utilities related to vehicle attributes that are associated 
with the different alternative fuels and advanced propulsion technologies. As such, the model is "household" based. 
Other market sectors are considered in various "off-line" calculations. 

The vehicle demand function used in this model is based on the utility-maximization theory in which the consumer 
demand for alternative vehicles is defined as a function of the attributes of these vehicles and the fuels they use. The 
total utility of each light vehicle technology and fuel makeup is determined by the sum of the attribute utilities of 
that vehicle for each size class. The size class market share penetration estimates of the different technologies are a 
function of each technology's total utility compared to the total utility of other vehicles and technologies in that size 
class. The technology's total utility is calculated by summing attribute-input values that have been multiplied by 
their corresponding coefficient. A discussion of the model structure, including the vehicle attributes and attribute 
coefficients considered is presented. 

EVALUATION REPORTED BY THE AUTHORS 

In regard to attribute coefficient values for vehicles and fuels, it is important to note that a major limitation in 
estimating the potential household market penetration of alternative vehicle technologies is the lack of revealed 
preference data. Revealed preference data is gathered from actual consumer response in the market place, 
Currently, there are only a limited number of alternative-fuel technologies commercially available. Although 
purchase and use data are being collected on these vehicles, they are primarily owned by fleet operators, reflecting 
the desired attribute utilities of that market. 
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ABSTRACT 

In early 1973, the Bureau of the Census announced the discontinuation of the Survey of Consumer Buying 
Expectations. The Bureau of the Census had conducted quarterly surveys of buying plans since January 1959; first, 
through the Quarterly Survey of Consumer Buying Intentions (QSI) and, since 1967, through the Survey of 
Consumer Buying Expectations (CBE). This article describes the development of the Federal programs and 
summarizes the evidence that led to the decision to discontinue the program. 

The sponsorship by the Federal Government of surveys to measure consumer expectations, intentions, and attitudes 
dates from the 1946 "National Survey of Liquid Assets." The survey was sponsored by the Federal Reserve Board 
and was conducted by the Division of Program Surveys of the U.S. Department of Agriculture. The purpose of the 
survey was to provide an indication of the probable impact on consumption of the large amount of liquid assets then 
being held by consumers. The survey information which was intended to be used for predictive purposes could be 
divided into two types: first, "objective" variables such as income, assets, and liabilities: second, "subjective" 
variables such as expectations, intentions, and attitudes. The objective variables could be related to each other in an 
effort to explain behavior, and the estimated relationship could then form the basis for predictions. The subjective 
variables could, hopefully, be used directly. 

METHOD 

This study examines the predictive value of the survey. It presents predicted purchases generated by the survey and 
compares them to the actual level of purchases among the same group of consumers. A discussion of the 
shortcomings of the predictive value of consumer expectations and the survey follow. 

Examples of the questions on the National Survey concerning expectations, intentions, and attitudes include the 
following: 

Expectations. What do you think things are going to be like for the county as a whole in the next year or so? Why 
do you think so? What about the prices of things you buy? In the next year or so do you expect them .to go up or 
down or stay about as they are now? Why do you think so? 
Intentions. Now we'd like to get an idea of how much money you personally are planning to put into largle items 
that people haven't been able to get during the war. Let's take cars, for example. Do you expect to buy a car in 
1946? How much do you expect to pay for it? Will it be one of the new models? 
Attitudes. Now that the war is over, would you say you people are better off or worse off fmancially than you were 
while the war was still on? 

This study also examines problems encountered in the survey of consumer buying expectations and the reasons for 
its discontinuation in 1973. 

John Lansing and Stephen Withey reported that the car purchase rate of intenders was about twelve times as great as 
the purchase rate of nonintenders, but because the nonintender group was large relative to the intender group, about 
one-half of all new car purchases during a twelve month period were accounted for by those who had no plans to 
buy a car at the beginning of the period (Lansing and Withey, 1955). 

If the Census Bureau program to measure purchase expectations must be considered a failure, it is worth asking how 
the program came into being and why it survived for nearly 15 years. A reading of the 1955 committee report 
suggests that the decision to initiate the QSI was based largely on the ability of intentions data to identify individual 



purchasers. In retrospect, the warnings of Katona and Mueller about the limitations of cross-section tests were not 
given adequate attention. It seems clear that cross-section tests are necessary to reach judgments about the 
predictive value of intentions, expectations, and attitudes, but they are not sufficient. It is, of course, true that a 
number of years are required before time-series tests can be conducted and the results, as we have seen, are not 
always conclusive. In the future we would do well to pay more attention to the specification of cross-section tests 
and exercise the utmost caution in using cross-section results to infer time-series performance. Tlie Censu,s Bureau 
program survived for 15 years because the early part of that period was marked by a high correlation between plans 
and purchases. When both series lost the strong trend factors, which had been present for much of the 60'!;, it 
became apparent that aggregate purchase plans were not a good predictor of aggregate purchase behavior. 

EVALUATION REPORTED BY THE AUTHOR 

None. 
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ABSTRACT 

An assessment of the potential for diesel engine light-duty vehicles to reduce petroleum consumption and 
greenhouse gas emissions is presented. Historical diesel vehicle sales behavior is presented and analyzed. Future 
market penetration and resultant petroleum consumption and emission reductions for advanced diesel engines are 
projected. Results of a survey of new vehicle buyer attitudes toward improved diesel engines are presented and 
analyzed. Effects of increased diesel market share on diesel fuel supply and price are estimated. Overall, the 
outlook for diesels in light vehicles is somewhat promising if pollution issues and consumer concerns about the 
earlier diesels can be addressed. 

METHOD 

Market penetration for advanced diesel engines in light vehicle applications was estimated using the Vehicle 
SizeIConsumer Choice (VSCC) model. The model estimates market penetration for four vehicle size classes: small 
car, large, car, passenger truck, and cargo truck using a discrete choice, multinomial logit structure. For each of 
these size classes, vehicle attributes for competing technologies (i.e., the advanced diesel) are measured against the 
conventional technology (gasoline spark-ignition engine) using consumer-derived utilities. The attributes include 
vehicle cost, fuel economy, vehicle range, trunk space, acceleration, and top speed. For this analysis, it is assumed 
that the advanced diesel engine will be available in each of the four size classes. 

The model was developed to define the successful introduction of technologies by vehicle size class. This modeling 
exercise acknowledges that not all technologies fit in all size classes and that the introduction of advanced 
technologies is gradual. The model is a discrete choice, multiattribute logit model designed to simulate the 
household market for alternative-fuel light-duty vehicles. The model forecasts the sales of conventional and 
alternatively fueled light-duty vehicles by size class, technology, and fuel type to 2020. Market penetration 
estimates are based on consumer-derived utilities related to vehicle attributes that are associated with the various 
alternative fuels and propulsion technologies. 

To help determine the interest of new vehicle buyers in diesel light vehicles, in July 1997, a short telephone survey 
was conducted that questioned a 1,010 person random sample of the U S .  population. The first question asked the 
respondent was, "Would you consider buying a diesel engine version that got 40 percent better fuel economy and 
cost $1,500 additional for your next new vehicle purchase?" The responses indicate that 22 percent of the sample 
would consider diesels; and the percentage was lower for females, older respondents, and those in the Sou1;h. The 
percentage was higher for the young; those in the West; and persons with higher incomes, bigger households, and 
more education. The fact that older respondents are less interested in diesel may be due, in part, to their knowledge 
of diesel problems in the early 1980s. Those who would not consider purchasing a diesel were asked to list the 
reasons why. The major reasons for not considering a diesel are presented. 

EVALUATION REPORTED BY THE AUTHORS 

Responses to a survey indicated that, if the negative attributes of diesels were eliminated, the potential exists for 
increased use of diesels. Survey results are corroborated by market penetration analysis indicating that improved 
diesels can be strong competitors of gasoline engine vehicles. 
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ABSTRACT 

This paper provides a framework for collecting, analyzing, and interpreting purchase data, and presents 
a method to transform stated purchase intentions into purchase probabilities. There has been little follow-up to see if 
individuals surveyed actually purchased the product of interest over the specified time periods. One purpose of this 
paper is to stimulate such follow-up procedures. This paper is an attempt at building a formal mathematical model 
that establishes the intermediate links between stated purchase intentions and actual purchase behavior. 

METHOD 

First, a general framework for analyzing purchase intentions data is presented. This model focuses attention on 
three very different phenomena that often are implicitly and confusingly combined. Then within this overall 
framework a specific, mathematically tractable and statistically testable model is developed. The overall model uses 
a three-step transformation to transform stated intention, I,, into a purchase probability estimate, p .  

Step 1. Stated intention, I ,  is transformed into an estimate of the true intention, I,, by the True Intention Model 
(TIM). 

Step 2. The estimated true intention, I,, is transformed into an unadjusted purchase probability estimate, p,,, by the 
Exogenous Events Model (EEM). 

Step 3. The estimated unadjusted purchase probability, p, , is transformed into the estimated purchase probability, p, 
by the Probability Adjustment Model (PAM). 

The model forces the researcher to explicitly consider: 

The number of scale points on the intention scale 
The numerical value of each point on the intention scale 
The adjectives associated with each point on the scale 
Whether a direct probability response scale should be used 
The reliability of stated intentions 
The transformation from stated intentions to true intentions 
The distribution of true intentions across the population of consumers 
The appropriate time frame for the intentions 
The effect of "unexpected" events over the time frame 
Systematic discrepancies between average intentions and average purchase probabilities 

Clearly, automobile intentions are more stable over time than appliance intentions. 

EVALUATION REPORTED BY THE AUTHOR 

The advantage of the formal three-step model is that the resulting parameters decompose the empirical slope of this 
linear relationship into the components due to the heterogeneity of the true purchase intentions and that due to the 
propensity of individual purchase intentions to change. 



At the moment there is not an adequate set of purchase intentions with follow-up purchase behavior studies in the 
literature to make the above type of forecast. The author hopes this paper will supply a unifying framework for the 
design of such studies and that the researchers involved will be motivated to publish their findings. If this is done 
the probability is very high that empirical regularities will emerge that will make purchase intentions data much 
more usefill to the marketing co~mmunity. 
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ABSTRACT 

The purpose of the study was to assemble the survey responses, to note where responses varied so as to allow some 
assessment or inference of the degree of uncertainty or risk, and to note which factors the respondents felt were the 
most important in determining the market outcomes that they expected. 

METHOD 

The Electric Power Research Institute (EPRI) project titled "Electric Vehicle Vision 2007" surveyed and 
interviewed experts in order to define integrated visions of the electric vehicle (EV) industry in the years 1997 to 
2007. The focus of the project was to identify the most important strategic issues and stakeholders, and forecast 
likely outcomes for EVs so that the electric utility industry can better plan their investments and like their strategies 
to those of other stakeholders. 

The survey resembled the first pass of a Delphi format, with no interchange between the respondents. The approach 
included a questionnaire and, for many of the respondents, an open-ended interview, either by telephone or in 
person. The respondent list included about 75 key stakeholders, of which about 40 responded, consisting of 
manufacturers of vehicles, batteries, and vehicle components, electric utility representatives, representatives of 
government agencies, trade organizations, researchers and academics. 

EVALUATION REPORTED BY THE AUTHORS 

The number of distinct, reasonably coherent but different visions for electric vehicles suggests a number of strategic 
issues, especially for recharging infrastructure, that possibly call for some further interactive work involving the 
various stakeholders. All the respondents foresee that the EV evolution will start in the 1997-2000 time frame with 
a small number of limited range vehicles. It seems likely that the industry can develop a robust strategy that starts 
with the objective of protecting and building a limited, but viable market similar to the vision of the Moderates, and 
then creating infrastructure development strategies that can support a broader market if vehicle costs can be 
decreased or range increased. 

To allow battery vehicles to move from a Moderate vision to one of greater market share will require an 
evolutionary matching of recharging infrastructure to the capabilities of the vehicles and the needs of customers. 
Even within each group of respondents, there are ranges of opinion about what kind of infrastructure is needed, how 
much is needed, what locations are needed, and who can be expected to fund it and operate it. The EV community 
needs to work carefully and continually to develop the recharging infrastructure as evidence accumulates to guide 
choices. 

To assist in this effort, it may be useful to develop low-cost methods to get information from the EV owners about 
their use of the vehicles and their evolving experience with recharging. Discussions appear to be needed to develop 
concepts of information development that may prove effective but can avoid compromising information of 
competitive value to the vehicle suppliers. 

Additionally, hybrid electric vehicles appear to need hrther research, development, and demonstration. Some 
respondents believe that the battery EV is highly unlikely to be able to move outside of a small market share, but 
that hybrid EVs have a much better opportunity. However, there exists a range of opinion on the type of hybrid that 
most likely will penetrate the market. Certainly, the characteristics of the various types, such as grid-connected 



versus non-grid connected, ought to be studied more carefully in terms of the benefits they provide to consumers and 
government agency program. 
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ABSTRACT 

Advancement of the motor vehicle and its production methods is analyzed as a process of technological change. In 
a broader context, motor vehicles evolved as an integral component of road transportation through a series of 
interlaced substitutions of old by new technologies. Building on a large number of studies that described 
technological substitution processes, first it is shown how new energy forms replaced their predecessors and how the 
old marine-transport technologies were substituted by new ones. These examples constitute some of the ol.dest, 
empirically documented technological changes and show that many events in the dynamics of energy substitution 
and marine transport are related to technological changes in road transportation. It is shown that these substitution 
processes can be described by simple rules and that the replacement of old by new technologies in the energy and 
transport systems lasted about 80 years. The technological changes within road transportation, however, were more 
rapid. Replacement of horses by automobiles and older by newer generations of motor vehicles and production 
methods lasted only a few decades in the Untied States. Thus, technological substitutions within the road- 
transportation system were considerably shorter than the expansion of railroads, surfaced roads, all road vehicles 
together, and the more recent expansion of air transportation. 

METHOD 

Analysis of the historical replacement of old by new technologies has shown that most of these processes can be 
described by simple rules that are captured in the logistic-substitution model. The evolution of motor vehicles 
during the last 100 years can also be seen as a series of interlaced technological changes of production methods and 
vehicles. These changes can be captured by logistic-substitution analysis and have occurred with a high degree of 
regularity. Substitution processes in terms of annual production of motor vehicles and equivalent processes at the 
level of the whole fleet are distinguished. 

EVALUATION REPORTED BY THE AUTHOR 

None. 
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ABSTRACT 

Public and private vehicle fleets have long been targeted as an ideal initial market for alternative fie1 vehicles 
(AFVs). The authors examine seven widely accepted hypotheses regarding the potential fleet market for AFVs. 
The hypotheses are tested using data and information collected from focus group sessions, one-one-one interviews 
with fleet operators, and a large two-part survey administered to over 2700 California fleets, as well as secondary 
sources. They find a large number of misconceptions by both fleet operators and policymakers that lead to distorted 
expectations and ineffective policies regarding the purchase and use of AFVs by fleets. 

METHOD 

First the authors conducted 39 one-on-one interviews and seven focus groups with 59 individuals who played major 
roles in the fleet management and purchase decisions of their organizations. They were specifically recruited from a 
variety of organizations and management positions. The authors had hypothesized, and it was confirmed in the 
interviews and focus groups, that most previous AFV fleet market studies were flawed in assuming that the fleet 
manager alone would make all decisions pertaining to the acquisition of alternative fuel vehicles. Because of the 
importance of such purchase decisions, in terms of the number of people affected, the resources involved, and the 
precedents set, they found that several individuals from the same organization generally play substantive roles in the 
AFV purchase decision, especially in the initial purchase. 

Building upon insights gained in the focus groups and interviews, the authors helped design a two-part survey 
comprised a computer-aided telephone interview (CATI) administered to 2715 organizations throughout California 
that operated at least 10 light-duty vehicles. Of these organizations, 213 1 completed a follow-up questionnaire that 
included detailed questions regarding the purchase and use of alternative fuel vehicles. This equates to a response 
rate of 78%, which is extraordinarily high for mail surveys administered to fleets. 

EVALUATION REPORTED BY THE AUTHORS 

Available knowledge about vehicle fleets is insufficient for producing reliable estimates of the near-term AFV fleet 
market. Studies attempting to assess the potential fleet market for AFV's have focused on mapping AFV attributes 
to fleet travel demand and operating needs forecasting AFV market size based on regulatory requirements, and 
predicting AFV market penetration rates based on fleet purchase patterns and stated preferences. Although 
necessary and useful, these studies generally have many shortcomings, including incomplete sampling frames, low 
response rates, failure to identify decision makers, poor grasp of organizational decision making behavior, and poor 
understanding of purchase behavior of new products and attributes. Furthermore, they provide little insight 
regarding which fleets will actually purchase AFVs, under what conditions they will purchase AFVs, and for what 
reasons. 

The findings reported here suggest the AFV regulations are difficult to implement largely because of the diverse 
nature of the fleets. The only commonality is that they operate vehicles: they do not make the same product, provide 
the same service, or even operate their vehicles in the same manner. As a result, proposed and adopted AFV 
implementation strategies may produce unexpected and, in some cases, undesired outcomes. 

Given fleet diversity and a rather poor understanding of decision making, it seems desirable that public policy aimed 
at accelerating fleet adoption of AFVs should tilt more toward flexibility, market instruments, and assuring positive 
experiences. Where regulatory mandates apply, marketable credits might be seriously considered. A better 



understanding of fleet behavior will go a long way in helping formulate more effective AFV implementation 
strategies. 
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ABSTRACT 

The authors propose that consumers' preferences for brands are systematically affected by whether they make direct 
choices between the brands or rate them separately in terms of purchase likelihood. Specifically, preference 
reversals are expected such that low quality, low price brands and low quality brands are preferred more in ratings. 
These predictions are derived from an analysis of the differences between choice and ratings and the compatibility 
between these tasks and the attributes of the considered options. Binary choice often involves within-attrit~ute 
comparisons and across-attribute comparisons of intervals (e.g., whether the difference between a Sony T\I and a 
Magnavox TV is worth $loo), which is expected to enhance the importance of attributes that produce precise and 
unambiguous differences (e.g., price) relative to more complex, qualitative attributes that are more difficult to 
compare (e.g., brand names). In a ratings task, on the other hand, brand names may often serve as powerful cues, 
and the cost of a better brand name in terms of price and features is less salient and more difficult to detect. The 
predicted preference reversals were supported in six studies, which also examined several rival explanations. They 
discuss the theoretical implications of this research and explore its consequences for the measurement of buyers' 
preferences and for marketers' pricing, merchandising, distribution, and communications strategies. 

METHOD 

The authors begin with a review of prior research regarding preference reversals, and in particular, reversals 
between ratings and choice. They then present the analysis that leads to the prediction of preference reversals 
between choice and ratings with respect to options that differ in terms of brand quality and price, and explore two 
alternative explanations. Next, the proposition regarding preference reversals is extended to alternatives that differ 
in terms of brand name and product features, and this prediction as well as another alternative explanation are 
examined. This is followed by a hrther test of their account for the preference reversals. Then the authors use 
think-aloud protocols to gain insights into the differences between choice and ratings in terms of the processing of 
brand names, prices, and features. Next they explore the impact of manipulating attribute knowledge on the 
observed preference reversals. Finally, they test an important implication of the proposed preference reversals, 
which suggests that purchase likelihood ratings are less sensitive than choices to the magnitude of price and feature 
differences between the considered options. The theoretical and practical implications of the findings are (discussed. 

EVALUATION REPORTED BY THE AUTHORS 

The authors begin with a review of prior research regarding preference reversals, and in particular, reversals 
between ratings and choice. They then present the analysis that leads to the prediction of preference reversals 
between choice and ratings with respect to options that differ in terms of brand quality and price, and expllore two 
alternative explanations. Next, the proposition regarding preference reversals is extended to alternatives that differ 
in terms of brand name and product features, and this prediction as well as another alternative explanation are 
examined. This is followed by a further test of their account for the preference reversals. Then the authors use 
think-aloud protocols to gain insights into the differences between choice and ratings in terms of the processing of 
brand names, prices, and features. Next they explore the impact of manipulating attribute knowledge on the 
observed preference reversals. Finally, they test an important implication of the proposed preference reversals, 
which suggests that purchase likelihood ratings are less sensitive than choices to the magnitude of price anid feature 
differences between the considered options. The theoretical and practical implications of the findings are discussed. 



REFERENCE 

Pohl, H. (Sydkraft Konsult AB, Malmo, Sweden). Com~anv Vehicles -A Market Study. 
http://www.evs.org/evs14. 

KEYWORDS 

Electric vehicle, questionnaire, fleet, random sample, test vehicle, vehicle-owning companies. 

ABSTRACT 

This study was conducted during 1996 and 1997, in order to better understand the electric vehicle (EV) market in 
Malmo, Sweden. First, the driving pattern of one day for a large number of light company vehicles was 
investigated. This study resulted in a number of companies having vehicles that were not exceeding the range of a 
RenaultPeugeot in electric version. These companies were then given an EV offer in the second part of the study. 
A three-year full service-leasing contract for an EV at the same price as a conventional vehicle was offered to them. 
Only a few companies contracted an EV, and the reasons were investigated through interviews. 

One conclusion of these studies is that limited range is not the only obstacle when marketing EVs to companies, 
other questions like "Who is the buyer?" are also very important. 

METHOD 

Theoretical Study. An enquiry was sent to 2002 vehicle owners, randomly selected from complete list of vehicle- 
owning companies in Malrno. In the enquiry, the primary driver defined his working day completely regarding 
where and when he drove, distances covered, number of passengers and weight of load. 

The reference vehicle used was the Renault Express Electrique, with an assumed range per charge of 65 lun in city 
traffic and eight hours for a complete recharge. 

Among the vehicles having performed any work during the selected day, almost four out of five could have been 
replaced by electric vehicles. Considering the total number of company vehicles in Malmo, the result from the 
theoretical study is that at least 1600 private cars and 1550 pick-ups could be replaced by EVs having performance 
data similar to the Renault Express. 

Kilometers traveled for business during the studied week was more than 25000 km for the vehicles in the study. 
Half of the work (46%) could have been made by electric vehicles according to this study. 

Applied Study. An invitation was sent to all these companies having vehicles which, according to the theoretical 
study, could be exchanged by electric one. This letter informed about EVs and the offer from the project and invited 
them to a lunch meeting. During this meeting they would have a further information and possibilities to drive an EV 
themselves. The offer to them was a three-year full service-leasing contract for a Peugeot 106 or a Renau1.t Express. 
The price for this was comparable to, or slightly higher than, what an equivalent gas driven vehicle would cost. 

These meetings were held three times with totally 60 persons from 35 companies. In addition almost all other 
companies were contracted by phone to get their point of view regarding the offer. 

Thefindings of applied and theoretical studies were compared. According to the theoretical study, a high 
percentage of the companies were able to use an EV. In the following applied study, the author realized that only 
very few actually wanted to substitute one conventional vehicle by an EV. Reasons for this included: 

Only one working day was considered in the theoretical study. 
The range is not the only important factor. 
New technology is not adopted directly by everybody. 



EVALUATION REPORTED BY THE AUTHOR 

The results of the applied and theoretical studies were very different. Of the companies able to use the EV, only a 
few chose to do so. 
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ABSTRACT 

Modeling efforts in the area of new product introductions have had a significant impact on marketing planning and 
strategy. One result of these efforts, BBDO's (Batten, Barton, Durstine & Osborn) New Product Early Warning 
System (NEWS), has been used since the late 1960's to provide marketing managers with forecasts and diagnostic 
information regarding their new product strategies. This article presents the specification of the NEWS model, its 
parameter estimation methods, and its validation. A brief case history is also included which illustrates how the 
model is applied in a typical new product situation. 

NEWS is designed to use a variety of readily obtainable input data to generate forecasts of consumer awareness, 
trial, repeat purchase, usage, sales, and market share for a new brand. These outputs, combined with diagnostics 
from the model, can then be incorporated into the marketing plan in a way that will improve the new entry's chances 
of success in the marketplace. 'The model can be used to project early test market data (NEWSMarket); or it can be 
used to analyze pre-test market data (NEWSPlanner). 

METHOD 

The NEWS model is based upon a blend of marketing theory, consumer behavior constructs, empirical evidence, 
and intuition. 

Since NEWS models the growth of consumers' awareness of a new brand in response to the marketing program, a 
high degree of initial awareness interferes with the modeling process. As a result, experience has shown tlhat a total 
brand awareness of 25 percent of the target market prior to the beginning of advertising is an appropriate upper 
limit. 

The NEWS model first identities the target population and then posits that the key indicators of success or failure for 
a new product introduction are brand awareness, trial, and repeat purchase among consumers in that popullation. 

NEWS is designed to model behavior at the aggregate consumer level. It projects the proportions of the target 
market that are expected to become aware of the brand, to have tried it, to have repeated their purchase, and to have 
become loyal users. The NEWS parameters are concerned primarily with estimating the rate of conversion 
(expressed as probabilities) of brand awareness to trial purchase, trial to repeat purchase, etc. The key variables in 
NEWS are behavioral in nature and are measurable through the use of consumer surveys or store audits. 

Successful use of NEWS requires the accurate estimation of its inputs. Secondary source materials, prior and 
current custom marketing research, related product experiences, and informed judgment are all necessary. One of 
the objectives of NEWS is to use readily available research methods to aid in the estimation of parameter:;. A 
conceptual approach such as the Bayesian philosophy is adopted. Thus, NEWS takes advantage of the best available 
information prior to the introduction of the brand as a source of point estimates for behavioral probabilities. These 
initial estimates are then modified as further information becomes available. Several data sources are used in 
estimating the model. 



EVALUATION REPORTED BY THE AUTHORS 

Except in a few cases, NEWS has been able to accurately predict sales and lor market share based upon data from 
either pre-test market results or early test market results. The model also provides diagnostic information that can be 
used by marketing managers for the purpose of revising or fine-tuning their new Product introduction plan,s. 

The major objective of new product models is to assist marketing management in deducing the substantial risks 
incurred when introducing a new produce. Since its development in the late 1960's, NEWS has proven to be a 
major contributor to this area of marketing. 
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ABSTRACT 

This paper outlines the critical role that communities and states play in creating a supportive market environment in 
which electric vehicle (EV) tec'hology can be launched and then allowed to mature. About thirty different local and 
state approaches to supporting the market launch of EVs are highlighted - from the adoption of appropriat'e building 
codes and standards, to the deployment of changing infrastructure. 

METHOD 

The primary focus of the automotive and electric utility industry for the remainder of 1997 and the majority of 1998, 
as defined by the EV Market Launch Framework, will be on assuring that the rollout of EVs into the ten 
communities is sufficient to establish "critical mass" and that once established, the "critical mass" of vehicles is 
supported in a way that allows the market to grow. But, some of the goals of the Market Launch Framework for 
calendar year 1998, and the actions that will flow from those goals, set the stage for transition from an ear'ly market 
launch of limited product into limited areas to an expanded launch of more types and better EVs into a growing 
number of markets. 

By December, 1997, the Electric Transportation Coalition plans to have assessed the level of "EV Readiness" of the 
ten market launch communities. The findings and conclusions, which will be developed with the cooperation and 
active participation of EV stakeholders in each of the communities will be presented at the national gathering of 
market launch community leaders. 

Periodically throughout calendar year 1998, the Coalition will update and report to its Board, membership, and the 
ten market launch communities upon the success (or lack thereof) of the various areas in achieving the to-be-agreed- 
upon 1998 objectives. Such assessments will allow the community leaders and interested industry advocates to 
revise and amend activities to assure that, ultimately, the goals are achieved. 

EVALUATION REPORTED BY THE AUTHORS 

None. 
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ABSTRACT 

Every year many marketing managers face the critically important but difficult task of estimating the demand for a 
new or modified product. The object of this study was to develop and test experimentally a relatively simple model 
to aid managers in this task. This model is designed to estimate the level of preference consumers will exhibit 
toward a differentiated brand at a given price in a multibrand durable good market. 

METHOD 

The model developed here draws heavily on the theory of consumer demand proposed by Lancaster. In contrast to 
the traditional economic theory of consumer demand, which treats the product themselves as the basic units of 
analysis, Lancaster's theory is based on viewing products as bundles of product characteristics. 

The model assumes that a consumer making a durable good purchase purchases a brand and other goods aind 
services that together maximize his total satisfaction while meeting his budget constraint. 

In the experimental test, the focus was on the estimation of the preference that subjects will exhibit toward a new 
product at a given price in an existing durable good product class. Four randomly assigned groups of subjects were 
involved in the experiment. The subjects in one of these groups, the analysis group, provided data on their 
perceptions of the similarity of all possible pairs of 12 existing brands. These subjects also provided information on 
their relative preference for the different brands. Subjects were to assume (1) that they won an amount of money 
greater than the price of any of the brands, (2) that they had to purchase a brand, and (3) that they could retain any 
change from the transaction. Similar data were gathered from the other three groups, the validation groups, for the 
existing brands and one additional "new" product. The price of the "new" product was different in each of the three 
validation groups. Using the procedure outlined in the last section, the parameters of the model can be estimated for 
the individuals in the analysis group from the data, which they supplied. Utilizing these estimates and data on the 
perceived characteristics of the new product (determined from the similarity data gathered from the validation group 
subjects), predictions of how the analysis group subjects would have reacted to the "new" product at the three 
different prices can be made. 

EVALUATION REPORTED BY THE AUTHOR 

From a managerial viewpoint, the most meaningful test of the model is how well it performs relative to the 
predictions management might make using other models or methods. Unfortunately, the author has no such 
information here. In this study the model was developed and its predictive ability was tested in a laboratory setting 
for one durable good product class. Clearly this work needs to be replicated for other durable good product classes 
using larger sample sizes. 
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ABSTRACT 

Beginning in 1998 a percentage of large auto companies' sales in California must include zero-emission vehicles 
(ZEVs), which at this time are synonymous with electric vehicles. Data on consumer values and the level of 
consumer acceptance for alternative fuel vehicles are necessary to determine the practicality of the state's policy. 
This paper presents the results of a forecast for alternative he1 vehicle purchases in California. This forecast uses 
conjoint analysis, a multi-attribute utility market forecast methodology developed within the field of marketing 
research. The forecast yields several types of results, including market simulations of the alternative fuel vehicle 
market, relative preferences among vehicle attributes, and the identification of market segments most likely to 
purchase each type of vehicle. 'The research suggests a market for electric vehicles too small to support Ca.lifornia's 
ZEV sales mandate, and a very large market for natural gas vehicles. This paper concludes with a discussion of 
automobile and electric utility industry interests with regard to these forecast market consequences. 

METHOD 

Three major forecasting methods have been used in alternative fuel vehicle market forecasting: hedonic tradeoff 
analysis, economic tradeoff analysis, and market niche analysis. Conjoint analysis represents a new electric vehicle 
market forecasting methodology. 

The data used in this study were acquired through a mailed questionnaire using metric conjoint analysis. Conjoint 
analysis decomposes rated descriptions of products differing along several attributes into separate and compatible 
utility scales by which the original global judgments can be reconstituted. Underlying the model used in this study 
is the assumption that individuals can evaluate multi-attribute product profiles on category rating scale, such that 
their judgements may be used to simulate choices in hypothetical choice exercises. 

EVALUATION REPORTED BY THE AUTHOR 

This alternative-fuel-vehicle conjoint analysis provides a framework for defining the appropriate pace of electric and 
natural gas vehicle technology development. The elements of the framework, namely the individual attribute 
marginal utilities, and the revealed product preferences within specific market segments may be usehl dat:a in the 
formation of achievable alternative fuel vehicle policy as well. 
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ABSTRACT 

This paper suggests a government policy toward electric cars. Over the past five years, electric vehicle (E'V) 
technology has emerged as the most promising alternative to the internal combustion engine. A wave of irlnovation 
has begun to build momentum for the widespread commercialization of electric-drive vehicles. These will, include 
not only battery-powered cars, whose ultimate role may be modest, but vehicles powered by electric fuel cells or by 
hybridized combinations of internal combustion engines (ICEs) and electric motors. 

It is almost inevitable that EVs will eventually supplant most, if not all, conventional cars, The challenge for public 
policy is to guide this transition wisely. The barriers to a wholesale change in the nation's transportation s8ystem 
(not only economic and technical barriers, but also institutional and structural ones) remain high. Only strong 
government action can level the playing field to give EV technologies a chance. At the same time, public policy 
must be flexible enough to pennit midcourse corrections and let the market, rather than the government, pick the 
winners. 

The most compelling feature of electric-drive vehicles is that they emit no pollutants when driven. Electric-drive 
vehicles are also more energy efficient than conventional automobiles. Electric motors are about 90 percent 
efficient, compared to less than 25 percent for ICEs. In addition, these efficiency gains are partly offset by the low 
efficiencies of power plants. Oil refineries are about 90 percent efficient, compared to efficiencies of about 33 
percent achieved by today's power plants fired with oil, natural gas, and coal. 

A technological revolution-not only in electricity storage and conversion devices, but electronic controls, software, 
and materials-is quietly opening up many new opportunities for electric-drive vehicles. 

Government policy has a tremendous role to play in paving the road for an electric transportation strategy. But the 
federal government has provided few regulatory and financial incentives to develop much cleaner and more efficient 
vehicles and has offered virtually no direct support for EVs. 

The Partnership for a New Generation of Vehicles (PNGV) initiative, however, has a fundamental weakness: It is 
not linked to any regulatory incentives that encourage commercialization of the technologies developed. There is 
plenty of evidence to suggest that as more EVs are manufactured and sold to meet the requirements of the mandate, 
economies of scale will be realized, engineering and production processes will improve, and the vehicles will 
become cheaper. The stated purpose of the initiative is to advance technology to the point where government 
regulation is no longer necessary. The principal need over the next 10 to 15 years is not new science or new 
technology, but cheap technology. That is a challenge for engineering and manufacturing, not basic science. 

The government should use mechanisms such as taxes, tax credits, fees, and marketable credits to complement 
technology initiatives aimed at reducing or eliminating emissions. Combining technology initiatives with incentives 
is not only effective, it is also politically more appealing. 

EVALUATION REPORTED BY THE AUTHOR 

None. 
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ABSTRACT 

The paper reviews previous economic research on automobile demand and examines what this research can tell us 
about how consumers will respond to fuel-efficient vehicles. Three categories of research are reviewed, namely 
aggregate econometric studies, disaggregate econometric studies, and hedonic price analyses. It is shown !:hat 
insufficient variation and too large covariation among automobile characteristics (such as price, weight, and length) 
are problems which hinder the usefulness of each type of analysis. Two methods to alleviate these problems are 
proposed for future research. 

METHOD 

The author reviews and compares existing economic models. The fundamental problem encountered in alll of the 
previous research was insufficient variation and too large covariation among automobile characteristics. If variation 
both across households and across automobile types were used, then there would be more usable information than in 
either the disaggregate or hedonic price approaches. One method for utilizing both sources of variation is an 
extension of the disaggregate models of automobile class choice. Instead of considering a small number of 
automobile classes as alternatives among which consumers choose, each make, model, and vintage of automobile 
can be considered an alternative. 

However, these changes can bring about another problem. This properly is called the independencefrom irrelevant 
alternatives (iia) property, which requires that the ratio of the probabilities of two alternatives is the same 
independent of the characteristics or availability of other alternatives. For a small number of fairly distinct 
alternatives, this property might hold, but for a large number of fairly similar alternatives (such as each make, mode, 
and vintage of automobile) the iia property is most certainly inaccurate. 

A second approach which might be profitably applied is to use various experimental methods, such as conjoint 
analysis, to elicit consumers' values of various automobile characteristics. Responses of each consumer viould then 
be used in disaggregate analysis the same as if the consumer actually faced a set of automobiles like those described 
to him and actually chose the automobile which he stated as his preferred one. 

The limitation of this approach is that consumers might not be willing or able to state which automobile they would 
actually choose in the situation. However, the experimenter could construct his experiment such that there is 
sufficient variation across consumers in each automobile characteristic and that the variation for one characteristic is 
independent of that for other characteristics. 

These two approaches do not solve other problems that were encountered in previous research. In particular, the 
problem remains that characteristics, which are easy to measure, are not necessarily those which consumelrs value. 
These problems are minor, however, compared to the lack of variation in automobile characteristics. 

EVALUATION REPORTED BY THE AUTHOR 

The greatest numbers of studies have only estimated an equation for the total number of new automobile purchases 
(or number of automobiles owned) and have ignored the consumer choice of class of automobile. It is significant, 
however, that none of these models includes automobile characteristics other than price. Consequently, these 
studies tell us nothing about consumers' responses to changes in automobiles' k e l  economy, weight, horsepower, 
and so on. Only consumers'responses to changes in price can be determined from these models. 



The primary limitation of the aggregate econometric models is that they do not include as explanatory vari,ables the 
whole array of automobile characteristics, which affect consumers' choices of number and class of automobile to be 
owned. ?'he omission of these variables was due to two problems with the data. 
First, the automobile characteristics do not vary substantially over time or across regions. A second problem 
confronting the builders of aggregate models is that, over time, automobile characteristics tend to vary together. 
Weight and external dimensions tend to move in tandem, with both increasing or decreasing together. Similarly, 
horsepower and price tend to be correlated. 

The fundamental problems with disaggregate analysis is the same as in aggregate analysis: most of the automobile 
characteristics do not vary over the population. 

The major problem with the hedonic price approach is that the important characteristics of automobiles tend to be 
correlated over makes and models. Heavy automobiles are usually larger and have more horsepower than lighter 
automobiles. Similarly, horsepower and engine type are correlated since eight cylinder engines are more powerful 
than those with six cylinders. 
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ABSTRACT 

This paper presents estimates of what the market share for several non-gasoline-powered automobiles would be in 
the years 2000 and 2025 if no large changes occur in fuel prices, taxes, consumers' attitudes or regulations affecting 
the automobile market. As such, the estimates serve as "base-case" forecasts from which changes in these factors 
can be analyzed. Several types of non-gasoline-powered automobiles are included in the analysis: battery-powered 
vehicles (both nickel-zinc and high-temperature batteries); a hybrid (with both a battery motor and a gas engine in 
one vehicle); a hydrogen vehicle (which ignites hydrogen instead of gas); and a vehicle which is powered 'by the 
reaction of aluminum into energy and oxidation products. Engineers at Lawrence Livermore Laboratory specified 
the probable characteristics of the vehicles, based on "most-likely" and "optimistic" outcomes of research and 
development. With these characteristics of the vehicles, based on "most likely" and "optimistic" outcomes of 
research and development. With these characteristics as input, a model of the type of automobile which households 
would choose to own was used to predict the share of the auto market which each of the vehicles .would capture 
under the "base-case" assumptions. It was forecast the nickel-zinc battery vehicle would capture very little of the 
market, but that the market share for high-temperature-battery vehicles would be larger. Also, the hybrid and 
aluminum-reaction vehicles were forecast to capture a significant share, while the hydrogen-powered vehicle was 
not. The forecasts for the battery-operated vehicles were compared to those obtained by SRI and Mathtedh, and it 
was found that, while SRI's forecast are close to those obtained herein, Mathtech's forecasts are much higher. 
Promising avenues for hture research are discussed. 

METHOD 

The present paper examines several specific types of non-gasoline-powered automobiles. Estimates are presented of 
what the market share for these vehicles would be in the years 2000 and 2025 if (a) the vehicles are available in 
whatever quantities are demanded in those years, (b) consumers' valuations of automobile characteristic (12.g. 
operating costs) remain the same over time, (c) no major changes occur in the regulations and taxes affecting the 
automobile market, and (d) gas and electricity are available in sufficient quantities such that their real prices do not 
rise over time. As such, the estimates serve as "base-case" forecasts from which changes in prices, regulations, 
taxes, and consumers' attitudes can be analyzed. 

Unfortunately, one of the most important characteristics of battery-operated vehicles - their limited range - is not 
included in the model. As a result, the model was modified to account, insofar as possible, for the range 
characteristics. 

EVALUATION REPORTED BY THE AUTHOR 

Several aspects of the forecasting methodology limit the accuracy of the forecast, and, consequently, warrant further 
research. Perhaps the most important area in which fbrther research could fruitfully be applied is that of determining 
how best to account for the limited range of battery-powered vehicles. 

A second issue concerns the specification of the LaveITrain model. According to this model, the weight of an auto 
is very important in determining the probability that the auto will be chosen. However, as discussed above, it is 
doubtful that weight in itself is the attribute which consumers value. Rather, consumers are probably interested in 
safety, solidity of ride, roominess and other characteristics which heavier autos usually afford. This issue can be 
resolved by estimating a model in which the characteristics that consumers actually value enter the model rather than 
proxies, such as weight. 



A third area in which firther research could provide useful information is the question of the extent to which 
households' choices for a first, second, and third auto are made simultaneously. 

Lastly, the methodology could be improved by incorporating dynamic effects into the model. The representative 
utility of the currently owned auto should be increased by the amount of the transaction costs associated with trading 
the car. 
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ABSTRACT 

This book addresses two significant research areas in an interdependent fashion. It is first of all a comprehensive 
but concise text that covers the widely applicable methods of qualitative choice analysis, illustrating the general 
theory through simulation models of automobile demand and use. It is also a detailed study of automobile demand 
and use, presenting forecasts based on these techniques. 

METHOD 

The book develops the general principles that underlie qualitative choice models that have been applied in numerous 
fields in addition to transportation, such as housing, labor, energy, communications, and criminology. The general 
form, derivation, and estimation of qualitative choice models are explained, and the major models - logit, probit, 
and GEV - are discussed in detail. Also, continuous/discrete models are introduced. In these, qualitative choice 
methods and standard regression techniques are combined to analyze situations that neither alone can accurately 
forecast. 

EVALUATION REPORTED BY THE AUTHOR 

Summarizing previous research on auto demand, the book shows how qualitative choice methods can be used by 
applying them to specific auto-related decisions as the aggregate of individuals' choices. The simulation model that 
is constructed is a significant improvement over older models, and should prove more useful to agencies and 
organizations requiring accurate forecasting of auto demand and use for planning and policy development. 
Fluctuations in energy prices (and policies), the domestic manufacturing situation and import restrictions, air 
pollution, and highway congestion are among the national background considerations and concerns, and the number, 
age, type, fuel efficiency, and accumulated mileage of automobiles owned by individual households are among the 
local-impact forecasts of the model. 
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ABSTRACT 

Alternative fueled vehicles are being promoted in California, especially Southern California, as a solution ,to air 
quality problems. The Clean Air Act encourages the development of AFVs, including the sale of AFVs in 
California, but California has moved more decisively, mandating the sales of zero emissions vehicles (ZEVs) and 
adopting much more stringent vehicle emission standards. While rules require producers to supply alternative he1 
vehicles, it is not yet certain how consumers will respond. 

The authors objective is to improve the understanding of how consumers will respond in a cultural and historical 
context to the introduction of AFVs and to the technical attributes of AFVs, and thus to develop a credible survey 
instrument which can measure the current market for AFVs and suggest policy strategies to advance the market for 
AFVs. 

METHOD 

To achieve those objectives, the authors designed a set of research activities to give a complete look at the potential 
of AFVs. Year 1 research activities simulate market contexts to observe consumer decision making, and evaluate 
primary constraints on consumer choices. Year 2 and 3 projects are surveys that rely upon the first year fur insight; 
they were to develop and implement a credible survey instrument for testing hypotheses across the entire California 
population. They were to identify policy instruments that would be most effective at increasing sales of vehicles and 
fuels, and estimate their market penetration under different conditions and in response to various policy initiatives. 
They focus on electric and natural gas vehicles (including hybrid configurations), but are including methanol as 
well. 

This project includes ten linked research activities: 1) development of a theoretical framework of consumer choice 
behavior; 2) test drive and interviews at the Rose Bowl in June 1991: post test-drive focus groups in June 1991; 4) 
constraints analysis of potential EV owners; 5) survey of refueling and other behavior of current EV owners in 
California; 6) survey of owners of CNG home refueling units in Ontario, Canada; 7) surveys and interviews in New 
Zealand to learn from that country's 1980's experiment with CNG; 8) use of gaming techniques (PIREG) in 
interviews of households to determine their decision processes for purchasing and using limited range vehicles; 9) 
Mail surveys to extrapolate findings from previous activities to the entire California population; and 10) permanent 
panel studies in which individual and households are monitored and periodically interviewed over time. 

EVALUATION REPORTED BY THE AUTHORS 

The test-drive clinic was designed to probe a market in which several types of AFVs are being sold. The authors 
discovered that the majority of participants were convinced that AFVs are the solution to air quality problems in Los 
Angeles. In the initial report on the theory of AFV purchases, they hypothesize that once a majority of the 
population is convinced of the inevitability of a problem and know the solution, cooperative decisions and moral 
choice can become a part of the decision process. If they believe they have arrived at a historical juncture: in which 
government and industry are committed to the solutions, consumers with adequate resources and knowleclge will 
invest in what they believe is the future. 
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METHOD 

The principal purpose of this study was to explore the future development and market penetration of selected 
Intelligent Vehicle-Highway Systems (IVHS) categories in light of an optimistic scenario for government support. 
The research would address the timing of research, system introduction, and levels of market penetration for 10 
systems categories: automatic tolls and road pricing, automatic vehicle location, automatic vehicle navigati~on, 
motorist information, cooperative route guidance, collision warning, collision avoidance, speed and headway 
keeping, automated highway, and automated guideway. 

Finally, the social and technological impacts of the systems were to be assessed; and the benefits associatecl with 
each system category were especially to be delineated. 

The essential features of the Delphi are (a) remote and explicit communication, (b) statistical summary of group 
responses, (c) iteration and controlled feedback, and (d) anonymity among the participants. Sponsors of the project 
included the big three U.S. automotive companies, their electronic component suppliers, telecommunicatio~ns 
companies, state and federal transportation agencies, and representatives of transportation user groups. 

Specifically, the Delphi panelists were asked to delineate what they viewed as (a) the driving forces for 
implementation, (b) the barriers to market penetration, (c) constructive government policy initiatives, and (~d) the 
expected sociotechnical impacts from adoption of the systems. 

Findings of the study include the following: 

Barriers to Implementation. The principal barriers to implementation of IVHS were social, economic, and 
institutional. Only system reliability and human factors could be considered technical. The crosscutting barriers to 
implementation are listed in order of importance as ranked by the panelists: 

1. Cost to the consumer; 
2. Reliability; 
3. Lack of demand; 
4. Government and manufacturer liability; 
5 .  System effectiveness. 

Driving Forces. What will lead society to adopt these new systems? 

1. Increasing traffic congestior?, 
2. Desire for improved safety, 
3. Motorists' desire for comfort and convenience, 
4. Public's demand for travel information, 
5. Declining technology and operating costs. 

Government Policy. How will the federal, state, and local governments be able to assist in the development and 
implementation of IVHS? 



1. Limit the liability borne by manufacturers and government, 
2. Establish effective standards, 
3. Federal funding or incentives for research and development. 

Social Impacts. The list of social impacts is similar to the list of driving forces, except that it also includes several 
negative outcomes. 

1. Reduced congestion, 
2. Improved safety, 
3. Increased comfort and convenience for motorists, 
4. Driver acceptance of automated control, 
5. Increased automobile commuting, and 
6. Smoother flow of traffic. 

The survey indicates that the turbulent institutional environment has the potential to slow, or even halt, the progress 
toward a comprehensive IHVS capability in the United States. In fact, the most likely and consequential near-term 
barriers to development and implementation of IVHS are the possible lack of consumer demand for and acceptance 
of these new transportation alternatives and the failure of our institutions to support the cooperative development of 
IVHS. Thus, the successful implementation of IVHS in North America will require a concerted effort on the part of 
the participating manufacturers, government agencies, and other interest groups to cooperate in resolving the issues 
of liability, standards, and support for research, development, and demonstrations. Cooperation among the key 
participants will need to continue through implementation and operation of many of the systems presented because 
both the vehicle and the highway elements will be fused into a unified whole. Existing institutional arrangements 
are unlikely to provide adequate support for these efforts, and institutional innovation must be sought. The 
unconventional nature of the institutional problems posed by IVHS limits the ability to predict relevant social, 
political, and economic events with any degree of certainty. 

EVALUATION REPORTED BY THE AUTHORS 

None. 
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ABSTRACT 

This report was prepared in response to section 615(b) of the Energy Policy Act of 1992, which requested a, study of 
methods for encouraging the purchase and use of electric vehicles. Specific objectives of the study are to: 
r Assess the potential cost of purchasing and maintaining electric vehicles, including the initial cost of the 

batteries and the cost of replacement batteries; 
r Identify methods for reducing, subsidizing, or sharing such costs; and 
r Develop recommendations for legislative and administrative measures to encourage the purchase and use of 

electric vehicles. 

METHOD 

The methodology used for this electric vehicle study included performing cost analysis, incentive analysis, and 
policy analysis. As part of the cost and incentive analysis, two cities were the focus of this study: Los Angeles and 
Washington, DC. Both cities were chosen for being in nonattainment of national ambient air quality standards, but 
the cities have some dissimilar situations. The Los Angeles area has the worst pollution problems in the country due 
to several factors, including urban sprawl, long commutes, extensive freeways, traffic congestion, limited niass 
transit, and unusual meteorological and geological conditions. 

Costs to purchase and use electric vehicles and spark ignition vehicles were estimated using life cycle cost analysis 
and the net present value function. The life cycle cost analysis compares an electric vehicle minivan with ai similar 
spark ignition vehicle minivan. This life cycle cost analysis provides a means for comparing the overall costs of 
purchasing and using electric vehicles with those of spark ignition vehicles. 

Net present value, the cost function that is most commonly applied in life cycle cost analyses, is used in this study to 
provide a single measure by which electric vehicles and spark ignition vehicles can ultimately be comparecl for the 
same year. In the life cycle cost analysis, net present value cost estimates are provided both in1994 dollars and in 
dollars of the year of purchase (either 1998 or 2005). 

Current cost data for electric vehicles and spark ignition vehicles are projected from 1994 to the assumed vehicle 
purchase years of 1998 and 2005. Using the study assumptions, a computer model applies a constant inflation rate 
and a net present value discount rate to a stream of annual cash outlays for each vehicle. 

It was found that: 

r Current electric vehicle purchase costs present a barrier to consumers, but projected purchase costs for the 
electric vehicles in this study could be competitive with spark ignition vehicles by 2005. 

r Electric vehicle recurring costs will be competitive with spark ignition vehicles in Washington, DC in 1998 but 
will remain higher in Los Angeles, California even in 2005. 

r The projected life cycle cost of the electric vehicle is projected to be at most 33 percent higher than that of the 
spark ignition vehicle in 1998, and 13 percent higher in 2005. 

r The control-cost-based value of emissions is lower for the electric vehicle than for the spark ignition vehicle in 
1998 and 2005. 



. Current federal and state incentives reduce the initial purchase cost of an electric vehicle by 9 to P 1 percent in 
some states, but many of the incentives are near-term only. 

r Some electric utility companies are offering discounts for electric vehicle recharging that will reduce operating 
costs. 

EVALUATION REPORTED BY THE AUTHOR 

Bone. 
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ABSTRACT 

This draft paper is the first installment updating the Volpe Center paper, A Market Analysis of the Commercial 
Traflc Information Business (March 1994). This snapshot is comprised of a narrative analysis and matrix describing 
consumer Automated Traffic Information System (ATIS) products available for purchase today. 

METHOD 

An established market can be examined from the perspective of consumers, through survey research. Where the 
market is just emerging and there are few products available to consumers, assessment of market response may be 
based on an analysis of industry behavior. While it is very unusual for industry to speak openly and honestly about 
consumers' response to their products, it is possible to discern some patterns through a historic review of industry 
and analysts statements, review of preliminary products' market positioning, and through survey of retail outlets. 

As traveler information system concepts were developing in 1991-2, several truisms were frequently repeated: the 
price for any new in-vehicle ATIS product would need to be below that of an air conditioner, in-vehicle ATIS 
products will not debut as OEM equipment, and as a communications application outside of the car, traffic 
information would be combined with other services on a multi-purpose platform to be saleable. Current market 
observations support these early assertions. 

EVALUATION REPORTED BY THE AUTHORS 

In the absence of direct survey and sales data, it is impossible to describe ATIS consumers with any preci.' a10n or 
reliability. What data exist are contained within some of the field test evaluations, but even this data have limited 
applicability. Where ATIS products are available for sale on the market, one can assume that the manufacturer is 
basing marketing, advertising, and retail channel choices on marketing research, and thus, infer certain consumer 
features from this evidence. 
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ABSTRACT 

The authors illustrate how a firm can face the challenge of forecasting consumer reaction for a "really-new" product. 
For the case of an electric vehicle, the authors describe how one firm combines managerial judgment and state-of- 
the-art market measurement to determine whether (1) the really-new product would be a viable business venture at 
its target launch date, (2) the fm should plan for improvements in technology that would reduce price andl / or 
increase benefits enough so that the business venture would be profitable, or (3) the firm should stop development. 
The new market measurement system combines existing methods with a multimedia virtual-buying environment that 
conditions respondents for fiture situations, simulates user experience, and encourages consumers to actively search 
for information on the product. The authors comment on the advantages and disadvantages of the methodology and 
summarize the lessons they have learned from this application. 

METHOD 

To address these questions, the project sponsor, General Motors Corporation (GM), chose to combine existing 
forecasting methods (i.e., concept evaluation, decision-flow models, prelaunch forecasting models, and conjoint 
analysis) with the new information acceleration (IA) method. The basic idea behind IA is to place the con;sumers in 
a virtual buying environment that simulates the informatioil that is available to the consumer at the time he or she 
makes a purchase decision. 

Future conditioning, full information, user experience, user control, and active search constitute the core of LA. 
After the authors put respondents in the virtual future buying environment, measures were taken of their lilkelihood 
of purchase, their perceptions, and their preferences. These measures were taken after each major information 
exposure and then integrated in a model to predict the growth of sales of the new product on the basis of 
assumptions about the changes in the environment, the managerial introduction plan, and the projected cornpetition. 

EVALUATION REPORTED BY THE AUTHORS 

In the EV application, the two LA studies provided valuable data on which to base managerial decisions, but these 
studies were not without weaknesses. 

Cost. As it was implemented in the EV study, LA is expensive. 

Managerialjudgement. The EV forecast depends on the measures taken in the IA (judged purchase probabilities, 
word-of-mouth, and dealer-visit-probability), measures available from other market research data (EV consideration 
and target market size), and measures of competitive and product-line preference. But the forecast also depends on 
managerial judgements. 

Order of entry. The sales of the Impact (a GM electric vehicle) depend on whether it is the first EV on the market. 
In the IA, the authors measured how forecasts change if there are two vehicles on the market. However, they could 
not simulate order-of-entry effects that might result. 
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ABSTRACT 

The authors extend previous models for premarket forecasting of new durable consumer goods by including 
parameters that reflect consumers' categorization and consideration processes. 

They propose a model and measurement methodology, which they apply to the premarket forecasting of a new 
automobile. They describe empirical data collection, parameter estimation, managerial implications, validation 
issues, and future research needs. The extended model generates new managerial insights into positioning and 
marketing planning effectiveness, can be used to simulate the effects of changes in positioning strategy on 
consideration and choice, and provides more detailed information about why consumers consider or reject a new 
brand. The relevance of the categorization extension for other new product models that condition choice cln a 
consideration set is also explored. 

METHOD 

The objective is to extend aggregate new product forecasting models to include the important behavioral phenomena 
of categorization and consideration. The authors describe their modeling extension in the context of a spe'cific 
durable goods new product-forecasting model developed by Urban, Hauser, and Roberts. They developed a model, 
measurement, and estimation methodology and then applied it empirically in the context of a new-car laurrch. 

The new auto-forecasting model developed by Urban, Hauser, and Roberts is based on the durable goods model of 
Roberts and Urban. Customers are defined as being in decision process states, and they flow fiorn one state to 
another as a result of their search for information and marketers' actions. Customers move from being unaware to 
being aware of advertising for the new model at some rate per month dependent on advertising expenditures. 

Extending the model to include consideration is conceptually simple. New states representing separate categories of 
brand alternatives and parameters defining the fraction of brands considered in each category are added. In each 
application, the number of categories and their brand compositions must be determined empirically. Each, consumer 
included in the model estimation process is assigned to one category. The model then keeps track of the proportion 
of individuals in a category who are in the market at the present time and the proportion who visit a dealership to see 
the new product. As a result, there is a one-to-one correspondence between the category, in the market, and dealer 
visit states. 

Individual-level measures of perceived similarity and consideration are used to estimate aggregate categorization, 
elimination, and consideration phenomena. This information is then used to determine the new product's perceived 
positioning and to develop a sales forecast. By incorporating consumers' responses in the clinic setting to alternate 
positioning strategies (as translated into actual marketing communications), the extended model can be used to 
simulate the effects of these alternate strategies on consumers' brand perceptions and expected sales volume. 
Finally, the model should be validated by comparing its sales forecasts with actual sales. 

EVALUATION REPORTED BY THE AUTORHS 

The submodel and measurement methodology for understanding the consumer decision steps of categorization, 
elimination, and consideration is described here in the context of a specific durable goods new product model, but it 
can be used or adapted whenever a model is conditioned on evoking or specific brand awareness. 
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ABSTRACT 

The authors extend previous models for premarket forecasting of new durable consumer goods by including 
parameters that reflect consumers' categorization and consideration processes. 

They propose a model and measurement methodology, which they apply to the premarket forecasting of a new 
automobile. They describe empirical data collection, parameter estimation, managerial implications, validation 
issues, and future research needs. The extended model generates new managerial insights into positioning and 
marketing planning effectiveness, can be used to simulate the effects of changes in positioning strategy on 
consideration and choice, and provides more detailed information about why consumers consider or reject a new 
brand. The relevance of the categorization extension for other new product models that condition choice on a 
consideration set is also explored. 

METHOD 

The objective is to extend aggregate new product forecasting models to include the important behavioral phenomena 
of categorization and consideration. The authors describe their modeling extension in the context of a specific 
durable goods new product-forecasting model developed by Urban, Hauser, and Roberts. They developed. a model, 
measurement, and estimation methodology and then applied it empirically in the context of a new-car launch. 

The new auto-forecasting model developed by Urban, Hauser, and Roberts is based on the durable goods model of 
Roberts and Urban. Customers are defined as being in decision process states, and they flow from one state to 
another as a result of their search for information and marketers' actions. Customers move from being unaware to 
being aware of advertising for the new model at some rate per month dependent on advertising expenditures. 

Extending the model to include consideration is conceptually simple. New states representing separate categories of 
brand alternatives and parameters defming the fraction of brands considered in each category are added. In each 
application, the number of categories and their brand compositions must be determined empirically. Each consumer 
included in the model estimation process is assigned to one category. The model then keeps track of the proportion 
of individuals in a category who are in the market at the present time and the proportion who visit a dealership to see 
the new product. As a result, there is a one-to-one correspondence between the category, in the market, ar~d dealer 
visit states. 

Individual-level measures of perceived similarity and consideration are used to estimate aggregate categorization, 
elimination, and consideration phenomena. This information is then used to determine the new product's :perceived 
positioning and to develop a sales forecast. By incorporating consumers' responses in the clinic setting to alternate 
positioning strategies (as translated into actual marketing communications), the extended model can be used to 
simulate the effects of these alternate strategies on consumers' brand perceptions and expected sales volume. 
Finally, the model should be validated by comparing its sales forecasts with actual sales. 

EVALUATION REPORTED BY THE AUTHORS 

The submodel and measurement methodology for understanding the consumer decision steps of categorization, 
elimination, and consideration is described here in the context of a specific durable goods new product model, but it 
can be used or adapted whenever a model is conditioned on evoking or specific brand awareness. 
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ABSTRACT 

Uncertainty about future costs and operating attributes of electric-drive vehicles (EVs and HEVs) has contributed to 
considerable debate regarding the market viability of such vehicles. One way to deal with such uncertainty, 
common to most emerging technologies, is to pool the judgments of experts in the field. Data from a two-'stage 
Delphi study are used to project the future costs and operating characteristics of electric-drive vehicles. The experts 
projected basic vehicle characteristics for EVs and HEVs for the period 2000-2020. They projected the mean EV 
range at 179 km in 2000,270 lun in 2010,and 3.58 km in 2020. The mean HEV range on battery power was 
projected as 145 km in 2000,212 km in 2010, and 244 km in 2020. Experts' opinions on 10 battery technologies are 
analyzed, and characteristics of initial battery packs for the mean power requirements are presented. A procedure to 
compute the cost of replacement battery packs is described, and the resulting replacement costs are presented. 
Projected vehicle purchase prices and fuel and maintenance costs are also presented. The vehicle purchase price and 
curb weight predictions would be difficult to achieve with the mean battery characteristics. With the battery 
replacement costs added to the fuel and maintenance costs, the conventional ICE vehicle is projected to have a clear 
advantage over electric drive vehicles through the projection period. 

METHOD 

In order to obtain a better understanding of the state of both EV and HEV technologies, the Office of Transportation 
Technologies (OTT) of the U. S. Department of Energy sponsored a two-stage Delphi study. The goal of the study 
was to collect information on vehicle attributes and components, evaluate their performance, and assess their 
market-penetration potential. The first step was to survey the experts in the field and solicit their opinions. The 
results of the study will help decision-makers to properly orient their research and development efforts. The survey 
was designed to collect information for the years 2000,2010, and 2020. The questionnaire contained sections on 
vehicle, components, and system impacts. Each section contained questions seeking opinions on critical 
characteristics of EVs and HEVs. Some questions within the vehicles section sought experts' opinions on such 
vehicle attributes as range, acceleration, highest acceptable uphill grade, seating capacity, cargo capacity, curb 
weight, power, battery recharging time, and maintenance interval. For the HEV, an additional question was asked 
concerning the engine range. The authors computed the implied battery-only range by subtracting engine range 
from the total HEV range. Experts also provided opinions on EV and HEV price, fuel and maintenance cost, and 
fuel economy. Within the component section of the questionnaire, they responded to questions about 10 battery 
technologies. The authors analyzed the responses to all these questions to arrive at two separate estimates of EV and 
HEV characteristics, primary (i.e., resulting from respondents' vehicle opinions) and secondary (i.e., resulting from 
respondents' battery opinions). 

For most of the analysis presented here, the authors used mean values of the responses. They listed several other 
values, such as number of valid responses, median, and mode, whenever they summarized the responses in a table. 
They also present optimistic and pessimistic values for the basic vehicle characteristics. These values represent 
means of the responses either below or at the median point or above the median point (i.e., the responses are split 
into two groups at the median point). A group's optimisticlpessimistic identity is dependent on the attribute. For 
example, because longer range and lower vehicle curb weight are desirable, the optimistic group for range will be 
above the median and the optimistic group for curb weight will be at and below the median. A good measure of the 
level of agreement among the respondents is the interquartile range. A narrower interquartile range represents a 
higher degree of agreement. The authors also present these statistics for the data summarized in tables. 



Information regarding study methodology and questionnaire development has been published earlier mg, Anderson, 
and Santini, 1995; Ng et al., 19961 In all, 93 valid second-stage responses were available for analysis. Inidustry was 
the largest responding group, providing 47% of the responses. Within the industry group, original equipment 
manufacturers provided nearly half the responses (23% of the total). Private research organizations and potential 
component suppliers provided 29% of the responses, and government and academic institutions provided the 
remainder. 

EVALUATION REPORTED BY THE AUTHORS 

None. 
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ABSTRACT 

This paper estimates the costs of a government mandate to use natural gas vehicles, focusing on the less desirable 
attributes that these vehicles possess. A model of producer and consumer behavior in a market for a differentiated 
product is constructed; a hedonic price function is estimated; and consumer surplus losses from the substitution of 
natural gas cars for gasoline cars are calculated. These losses are found to be significant: the average per car 
consumer surplus loss ranges from $1 100 to $3200, with 20% to nearly 50% of the loss due to changes in vehicle 
characteristics. The costs of such a policy appear to be greater than the environmental benefits, but may not be too 
far out of line with the costs of alternative approaches for reducing vehicular pollution. 

METHOD 

The author describes a Lancasterian model of product differentiation where consumers get utility from the 
characteristics of a good - in this case, cars. They choose the amounts of these characteristics to consume so as to 
maximize utility subject to a fixed budget constraint, taking the "prices" of those characteristics and all oth.er goods 
as given. The basic model is modified to allow consumers to jointly optimize over leisure time and miles traveled. 
Consumers then face a second constraint: the number of hours spent in labor, leisure, and refueling their vehicles 
cannot exceed the total number of hours available in a specified time frame, such as a year. 

Perfectly competitive producers are assumed to choose the product characteristics and the number of products to 
produce so as to maximize profits, taking all factor and output prices, as well as the characteristics "prices", as 
given. An equilibrium bundle of characteristics is reached through this process, as well as an equilibrium quantity 
and price of products sold. 

EVALUATION REPORTED BY THE AUTHOR 

Vehicles that run on fuels other than gasoline may look and drive quite a bit differently from gasoline vehicles. 
Compressed natural gas vehicles are substantially heavier than gasoline vehicles and thus accelerate more slowly. In 
addition, their large fuel storage tanks often take up valuable cargo space, and they have lower driving ranges than 
gasoline-powered vehicles. Until now, no study has attempted to quantify these costs. This study does so by 
developing a model of consumer and producer behavior in a market for a differentiated product; estimating a 
hedonic price function; and using the results in combination with information about natural gas vehicle 
characteristics to calculate consumer surplus losses from natural gas vehicles. 

The results indicate that consumer surplus losses are on the order of $1 100 to $3200 per car. These losses arise 
because cars are more expensive - $600 to $2500 more than gasoline cars - and because consumers' utility is 
reduced by having to drive cars with less than optimal sets of characteristics. Because of the lack of cost and other 
information about natural gas vehicles, it was necessary to make some "educated guesses" about what those vehicles 
will look like and what costs will be. And, finally, it would be preferable to look at a more realistic partial 
penetration scenario, rather than a scenario where all gasoline cars are replaced with CNG cars. 

The results of this paper do suggest that considering the full costs of regulation is important. When products are 
valued for the characteristics embodied in them, and regulation induces changes in those characteristics, consumers 
experience losses above and beyond the higher product prices. 
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ABSTRACT 

The classic attributes of diffusion identified by Everett M. Rogers-relative advantage, compatibility, complexity, 
trialability, and observability-are a good basis for evaluating the diffusion prospects of a new technology 
qualitatively. This process may be simplified by evaluating just two primary factors, the 
relative performance advantage and the degree of operational novelty introduced by the new technology relative to 
its antecedent. The authors introduce the concept of operational novelty as a contraction of the innovation attributes 
of complexity and compatibility. Challenging a mature, established technology with a product based on new 
technology is risky, although the risk can be moderated by high performance advantage and low operational novelty. 
A product's performance advantages and operational novelties should be evaluated and compared before a strategy 
for market introduction is planned. An oblique rather than direct challenge to the established technology may be 
advised when performance advantage is marginal or operational novelty is high. 

METHOD 

The objective of the paper was to present a framework for evaluating the prospects for success of new products 
using Rogers' attributes. 

Rogers identifies five attributes of innovation that affect the rate of adoption: 

1. Relative advantage: the degree to which an innovation is perceived as being better than the idea or product it 
supercedes. 

2. Compatibility: the degree to which an innovation is perceived as consistent with the existing values, past 
experiences, and needs of potential adopters. 

3. Complexity: the degree to which an innovation is perceived as relatively difficult to understand and use. 
4. Trialability: the degree to which an innovation may be experimented with on a limited basis. 
5 .  Obsewability: the degree to which the results of an innovation are visible to others. 

The authors examine Rogers' attributes to new product success in detail, and in relation to each other. Tradeoffs 
between the attributes are examined with respect to the potential of a new technology to displace or compete 
profitably against an established technology. Performance advantage and operational novelty are the primary 
attributes examined. Specific examples of solar power adoption are examined at the household and firm levels. 

Challenging an established technology with a product based on a new and unfamiliar technology is difficult under 
the best conditions. Entrepreneurs should objectively analyze the relative performance advantages and operational 
novelties introduced by their product and evaluate the likely success of a direct challenge. 

A more effective strategy for many products may be to challenge the incumbent technology obliquely by first 
establishing market acceptance in an area that has been overlooked by the dominant technology or in an emerging 
market need that has not yet been colonized by any single technology. 

Superior technology is no guarantee of market success. Acceptance must be cultivated through establishing a 
customer experience base and generating familiarity and trust with the technology over a period of time. Once a 
new technology has established a base of acceptance, it may then be realistic to mount a direct challenge to the 
traditional technology in its area of dominance. 



EVALUATION REPORTED BY THE AUTHORS 

None. 
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ABSTRACT 

Limited knowledge and purchase readiness seriously hamper attempts to predict the adoption of innovative: products 
and the early sales of new, infrequently purchased products. Test results for electric vehicles indicate that ,the 
methods employed in this study can overcome these knowledge and readiness deficiencies. 

Four basic tasks must be completed to produce an early forecast of the rate and extent of adoption: measure the 
current state of knowledge about the innovative new product, service, or social arrangement; artificially advance 
knowledge to the state normally encountered prior to an adoption decision; measure the probability of adoption by 
individuals whose knowledge is equivalent to what it would be at the time of making an adoption decision; predict 
the purchase choices of these individuals and validate against external data, where available. 

METHOD 

To monitor the maturation of perceptions and preferences for potential purchasers of subcompact electric vehicles, 
an experiment was designed in which subjects were exposed to information stimuli containing objective 
(nonevaluative) information designed to alter individual perceptual structures for the set of alternatives. Data were 
collected from eight groups of subjects in a 4 x 2 factorial experiment with repeated measures on individuals (pre- 
and postexposure to a unique information treatment). Two groups acted solely as controls and received no 
information about the objects. The remaining six groups each received information about the objects via a unique 
(i.e., cell-specific) audio-visual stimulus presented through local area cable television networks at prespecified dates 
and times. 

EVALUATION REPORTED BY THE AUTHORS 

While these results indicate that stated choices of individuals for an innovation can be reasonably predicted on the 
basis of modified perceptual and effective judgements, their validity as estimates of actual market behavior remains 
untested. As with most new products unsupported by test marketing or actual sales performance data, stated 
purchase intentions for the electric vehicle may provide a useful criterion for predictive validity. 

Furthermore, this method of analysis appears to be an efficient approach to predicting the level of acceptance for 
innovative new products. 
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ABSTRACT 

The authors introduce a new estimation procedure, Augmented Kalman Filter with Continuous State and Discrete 
Observations (AFK(C-D)), for estimating diffusion models. This method is directly applicable to differential 
diffusion models without imposing constraints on the model structure or the nature of the unknown parameters. It 
provides a systematic way to incorporate prior knowledge about the likely values of unknown parameters and 
updates the estimates when new data become available. The authors compare AKF (C-D) empirically with five 
other estimation procedures, demonstrating AKF (C-D)'s superior prediction performance. As an extension to the 
basic AKF (C-D) approach, they also develop a parallel-filters procedure for estimating diffusion models when there 
is uncertainty about diffusion model structure or prior distributions of the unknown parameters. 

METHOD 

To overcome the preceding limitations of the standard Kalman filter and to make better use of the Kalman filter 
technique, the authors introduced an AKF (C-D) by combining two ideas recently developed in the engineering 
literature: (1) the Extended K a h a n  Filter with continuous state and discrete observations, which uses discrete 
observations to estimate the state of a continuous system with known parameters, and ( 2 )  the Augmented Filter for 
parameter estimation, which estimates unknown parameters in a continuous Kalman filter model. The AELF (C-D) 
model formulation for diffusion models is as follows: 

where n is the cumulative number of adopters, u is the marketing mix variable vector,J is the unknown parameter 
vector, w, and WJ are the process noise, nk + zk, are the actual and observed cumulative number of adopters at time 
tk , and vk, is the observation noise. It is assumed that n(0) - (no, one) andJ(0) - (Po,Ppo), { w ,  wp} and {vk} are 
white noises; { w ,  wp} - (0, Q), vk - (O,r), and {w,, wp} and {vk)are not correlated to one another. An augmented 
state vector (y) that consists of the original state (n) and the unknown parameter vector (P) is 
Y = [n,JIT. 

The first three equations above can be rewritten as: 

& = f, (y, u, t) t w ,  where f, = (f, vT. 
dt 



The estimation algorithm is based on the last two equations. The AKF(C-D) algorithm is essentially a Bayesian 
updating procedure. In Figure 1, we provide an overview of the AKF(C-D) algorithm. The figure presents the 
relationships among the real market, the diffusion model, and the AKF(C-D) estimation process. To estimate a new- 
product diffusion process in a real market, one identifies a diffusion model with unknown parameters to describe the 
new product adoption process. Using prior experience or knowledge, one gives initial estimates for the unknown 
parameters. AKF(C-D) updates the parameter estimates of the diffusion model as new sales data become available. 
It estimates parameters and updates the state variables through two processes: a time updating process and a 
measurement updating process. 

EVALUATION REPORTED BY THE AUTHORS 

The predictive performance of the AKF(C-D) procedure is empirically evaluated by comparing its forecasting 
results with five commonly used procedures. Because most studies of the evaluation of estimation procedlures use 
the Bass model as a basis for comparison, the Bass model has the most reported empirical results. Although one of 
the major advantages of AKF(C-D) is its capability to estimate more complicated diffusion models, to facilitate 
comparison with other estimation approaches suggested in the literature that were tested for the Bass mode:l, the 
authors followed the literature and evaluated AKF(C-D) using the same Bass new-product diffusion model. 


