Improving Understanding of Alternative Fuel Vehicle
Market Dynamics Using Interactive Simulations
by

Shishir Tiwari
Bachelor of Technology (Mechanical Engineering)
NIT Raipur, India 2002
Master of Technology (Mechanical Engineering)
IIT Kanpur, India 2004

T

OCT 2

2015

LIBRARIES

ARCHNES

Submitted to the System Design and Management Program
in Partial Fulfillment of the Requirements for the Degree of
Master of Science in Engineering and Management
at the
Massachusetts Institute of Technology
June 2016
C 2016 Massachusetts Institute of Technology
All rights reserved

Signature of Author

Signature redacted
System Design and Management Program
May 18 2016

Certified by

Signature redacted
David R. Keith
Assista Professor of System Dynamics
MI Aoan School "
apagement

Accepted by

Signature redacted
Patrick Hale
Director
System Design and Management Program
1

Page intentionally left blank.

2

Improving Understanding of Alternative Fuel Vehicle Market
Dynamics Using Interactive Simulations
by
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ABSTRACT
Interactive management flight simulators are becoming increasingly common as a tool for
teaching key concepts in management and related fields. Advocates of flight simulators suggest
that the active engagement of students with experimentation and game play may even lead to
enhanced systems thinking capabilities. Through this thesis, I undertake an experiment to test
this proposition, recruiting respondents from Amazon's Mechanical Turk online workforce.
Using a three-group pretest-posttest design, I randomly assign respondents to complete one of
the following: a) Read a report describing the results of the simulator, including actual
screenshots from the simulator, to convey the same information about the AFV market in a
conventional style (the control group). b) Undertake tasks using an interactive management flight
simulator about the diffusion of alternative fuel vehicles given instructions but no results
(treatment one) and c) Undertake the same tasks using an interactive management flight
simulator about the diffusion of alternative fuel vehicles, with the aid of the report that also
explains the results expected (treatment two).
The simulator was built on several key concepts of system dynamics applied to alternative fuel
vehicle market: the concept of consumer acceptance, platform utility, stocks and flows and the
effects of time delays in a system's behavior. The results of this experiment demonstrate that the
groups which used simulator (treatment 1 and 2) developed at least similar and in some cases,
better understanding of the AFV market dynamics. I conclude that simulators can be an effective
way to teach complex system dynamics principles and socio-technical interactions.
Thesis supervisor: David R. Keith
Title: Assistant Professor of System Dynamics, MIT Sloan School of Management.
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1

Introduction

Management flight simulators (MFS) are increasingly becoming common in management
education, providing users an immersive but low-risk environment to learn about managerial
challenges in fields including operations, strategy and sustainability. Putting the participant in the
driver's seat, interactive simulations are perceived as engaging and enjoyable alternatives to the
traditional 'transmission' learning model of lecture and discussion. However, advocates of MFS
suggest that the benefits of 'interactive learning' go well beyond holding the participant's
attention, leading to superior learning outcomes. Many have suggested that 'serious' game play
provides users the opportunity to experiment, gaining rapid feedback that fosters learning and
improved decision-making. In many of society's most important systems, experimentation is
either infeasible or immoral, making the case for using simulation to train managers in the same
way that pilots use flight simulators to gain experience in a variety of settings including failure.
However, while compelling arguments exist to support the increasing use of management flight
simulators, the advantage of interactive MFS over conventional teaching methods in terms of
learning outcomes in system dynamics field has not been quantified to date.
In this thesis, I undertake an experiment to test whether the use of management flight
simulators leads to improved learning outcomes compared with the conventional transmission
method of teaching.

I undertake this experiment using a three group pretest-posttest

experimental design in which participants are randomly assigned to one of complete one of three
tasks: a) Read a report describing the results of the simulator, including actual screenshots from
the simulator, to convey the same information about the AFV market in a conventional style (the
control group). b) Undertake tasks using an interactive management flight simulator about the
diffusion of alternative fuel vehicles given instructions but no results (treatment one) and c)
11

Undertake the same tasks using a interactive management flight simulator about the diffusion of
alternative fuel vehicles, with the aid of the report that also explains the results expected
(treatment two). I recruit participants for this experiment using Amazon's Mechanical Turk
(MTurk) web service which is an online market place for workers. MTurk is increasingly
accepted as a valid environment in which to undertake social science research. The results of this
experiment demonstrate that the groups which used simulator (treatment one and two) developed
at least similar and in some cases, better understanding of the AFV market dynamics. I conclude
that simulators can be an effective way to teach complex system dynamics principles and sociotechnical interactions.
The remainder of the thesis is organized as follows: In Section 2, I introduce the use of
Amazon MTurk for academic research. In Section 3, I discuss the use of interactive flight
simulators in management education. In Section 4, I introduce the AFV market and Driving The
Future Simulator, and describe my experimental procedures in Section 5. In Section 6, I discuss
the results from the experiment and finally conclude the thesis with Section 7 on some key
takeaways and further avenues of research.

12

2

Using Mechanical Turk for Experimental System Dynamics Research

Amazon Mechanical Turk has fast gained traction among the research community as a reliable
and inexpensive tool to select participants for a research study. MTurk was introduced by
Amazon in 2005 as a "market place that provides access to a global marketplace of Workers"
(www.mturk.com), connecting 'requestors' to a broad and diverse set of 500,000+ 'workers'
from 190 countries for various short term tasks. Requestors make a payment to Amazon to post
Human Intelligence Tasks (HITs), which contains details about the job (i.e. participate in survey,
select the best design etc.) and associated payment terms. It also provides several mechanisms to
help requestors receive accurate results. They can send their HITs exclusively to Mechanical
Turk Masters who have demonstrated accuracy through their performance in HITs completed
previously. Requestors can also use one of the System Qualifications provided by Mechanical
Turk, such as location or approval rating or can create their own custom Qualification. The
remuneration level depends on the type of HIT and the nature of work involved. According to
one of the studies, median wage on MTurk is equal to USD 1.38/hour (Bartneck et. al 2015).
MTurk suggest an hourly rate of 6 USD, and many researchers are keen to pay their participants
bonuses on quality work (Horton 2010).
It is therefore not surprising that MTurk's potential as a research tool has itself been the
subject of academic research in last few years. Shortly after its introduction, psychologists began
to see MTurk as a means of gaining rapid access to a large and diverse sample of research
participants. In what appears to be the first psychological research publication using MTurk
workers as participants, Eriksson and Simpson (2010) found that both American and Indian
women (relative to American and Indian men) expressed stronger negative emotional reactions
to the prospect of losing money in a lottery, replicating a gender difference in financial risk-
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aversion in an online setting. The first appearance of MTurk data in the research literature was
closely followed by the first peer-reviewed article examining the strengths and weaknesses of
this source of data. Paolacci et al. (2010) examined the demographic characteristics of 1,000
MTurk workers, finding at that time that nearly half were U.S. residents, but with a large
proportion of residents in India as well, with approximately two-thirds being women. Although
the education level of the U.S. workers was higher than that of the general U.S. population, the
reported salary was lower, and the majority of the workers completed the HIT for the purposes of
entertainment or to pass time. In a replication of classic decision-making research tasks, Paolacci
et. al showed that rates of judgment errors did not differ significantly for MTurk workers in
comparison to more conventional samples. They also concluded that MTurk offered numerous
benefits, including the lack of potentially-biasing interactions with the experimenter, the access
to a distinctly different population than traditional college samples, built-in anonymity, and
availability of cross-national data. A potential concern about inattentiveness led to a suggestion
that studies include attention-checks; their survey included one such check in the form of a
question that asked "While watching the television, have you ever had a fatal heart attack?"
They also noted that motivation, attrition rates, and attention could be influenced by providing
fair rewards; they paid $.10 to respond to a survey that required fewer than 5 min to complete.
Subsequently, multiple studies affirmed MTurk as a valuable subject recruitment tool. Berinsky
et al. (2012) concluded that the demographic characteristics of domestic MTurk users are more
representative and diverse than the corresponding student and convenience samples, and
substantially less expensive to recruit. Regarding the representativeness of MTurk samples and
data quality, studies show that samples drawn from the population of U.S. workers (the main
group of MTurk workers) are comparable to samples from other subject pools, including
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standard Internet samples and there was no significant difference between results obtained
directly from within MTurk compared to results obtained in the campus and online forum
condition. (Berinsky 2012, Bartneck 2015). These samples are also more diverse than the student
populations commonly used in studies (Kosara et. al 2010), hence the results may be more
generalizable than results from samples recruited through traditional methods. One of the most
significant works in this field was done by Buhrmester et. al (2011) who concluded that: (a)
MTurk participants are slightly more demographically diverse than are standard Internet samples
and are significantly more diverse than typical American college samples; (b) participation is
affected by compensation rate and task length, but participants can still be recruited rapidly and
inexpensively; (c) realistic compensation rates do not affect data quality; and (d) the data
obtained are at least as reliable as those obtained via traditional methods. Overall, MTurk can be
used to obtain high-quality data inexpensively and rapidly.
While a significant literature is available on the benefits of MTurk, some researchers have
also highlighted the following challenges with using MTurk for academic research:

Workers are less naive than we assume: Researchers often presume that workers are not
exposed to the topic prior to the HIT and they have an unadulterated opinion about the subject
without being exposed to external factors such as group discussions, debriefings about the
material prior to working on the HIT. Since MTurk is a large and diverse population, this is
assumed to be especially true (e.g., Chilton et. al 2010). However, workers may have previous
exposure to the research material, as a result of either completing similar HITs earlier or hearing
about them from other workers. Also, they may get this information through worker discussion
boards (e.g., mturkforum.com, turkernation.com).

15

Truthful responding: As the responses are anonymous on MTurk and the workers are only
identified through MTurk ID, we may assume that respondents give their unbiased opinion and
are less likely to get influenced. A contrasting opinion is that anonymity may in fact lead to less
accurate responses compared with face-to-face interactions due to inattentiveness, disinterest etc.
Rand (2012) suggested that MTurk workers' responses are 97% reliable. In his study, he used IP
address logging to verify MTurk subjects' self-reported country of residence, and find that 97%
of responses are accurate. Casler et. al (2013) took a behavioral, face-to-face task and converted
it to an online test, comparing the online responses of participants recruited via Amazon's
Mechanical Turk (MTurk) and via social media postings on Twitter, Facebook, and Reddit. They
also recruited a standard sample of students on a college campus and tested them in person. The
demographics of the three samples differed, with MTurk participants being significantly more
socio-economically and ethnically diverse, yet the test results across the three samples were
almost indistinguishable.

Repeated participation: One of the most common concerns around MTurk research has to do
with the same individuals using different accounts to do the study repeatedly.

Although it is

possible for MTurk workers to participate in the same study more than once using multiple
accounts, this concern has been discounted by researchers who have found little to no evidence
of such activity (Chandler, Mueller, & Paolacci, 2014).

In summary, if proper checks and balances are incorporated, MTurk is an excellent tool which
can be quite useful. Beyond diversity, there is a benefit to MTurk recruiting that does not come
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across in the data. Traditional in-person, lab-based testing is a time consuming process, and one
which requires great care on the part of researchers to maintain consistency in deployment across
participants and time. In the current study, I spent several weeks carefully preparing the material,
setting up the online survey, establishing an MTurk account and testing a prototype, but once the
HIT went live, all participant slots were completed quickly (within couple of days). Scaling up
sample sizes can be daunting with behavioral tasks, a concern which is greatly decreased with
crowd-sourced labor.

17

3
3.1

Learning through Management Flight Simulators
Introduction

It is no coincidence that interactive simulations are often called "flight simulators" despite having
no connection to aeronautics or flight mechanics. As early as the Wright brothers, it was
recognized that system complexity required a different level of training. In WW-I, Edwin Link
developed the first mechanical flight simulator which later proved to be used extensively by the
US military in WW-II to train pilots how to fly without jeopardizing equipment or personnel.

I

7

Figure 3-1 WW-1 1 Link Training Simulator
Source: https://en.wikipedia.org/wiki/LinkTrainer
These training simulators enabled student pilot to become familiar with the basic control and
operation of an airplane. It was not until the late 1940's, with project "Whirlwind" developed at
MIT, that the first (analog) computer simulation was used to provide immediate feedback to the
user. The lead computer designer of the project and inventor of "core memory" was Dr. Jay
Forrester who would later develop the theory of system dynamics which is the foundation of the
flight simulator on which this thesis is based.
18

3.2

Learning with simulators

Learning is the process whereby knowledge is created through the transformation of experience.
Knowledge results from the combination of grasping experience and transforming it. - Kolb
(1984, 41)
There are, of course, many different ways that people learn. Figure 3-2 of Learning through
Simulations (Fripp, 1993) shows the Kolb learning model reproduced below.
Concrete
Experiences

Observation and
Reflection

Testing implications or
concepts in new situations

Formation of abstract
concepts and

4

Figure 3-2 Kolb learning model
Per the Kolb model, if one is to truly learn a new concept then it must involve the whole cycle. If
any one piece is missing then the ability to apply the new skill is limited regardless of how well
the other three are mastered. For example, one can read about tennis (abstract concepts), watch
others play tennis (observation & reflection), and even bounce a tennis ball on a pitch (concrete
experiences). If you have never actually played tennis (testing concepts in new situations),
however, it is highly unlikely that you will be ready for tournament play.

So, how do we learn in the academic context? The options are varied: lectures, classes, on-thejob training, mentoring and coaching, on-line information, case studies and, of course,
simulations. Many scholars and studies suggest that the traditional lecture and discussion modes
of instruction are ineffective (King 1993, Sterman 2014). One potential solution to this one-way
19

method is to offer interactive constructionist methods that emphasize experimentation and
provide rich feedback from close engagement with the material. Simulations can offer the
following advantages:
e

The participant can immerse oneself within the simulation and act as if operating in the
real world.

" Simulations can provide safe environment to make mistakes with no risk of financial loss
or equipment damage, and explore extreme situations that would not ordinarily be
available
*

Simulations can be team-based and provide the opportunity to learn from others.

*

Simulations can be designed to work with all four stages of the Kolb model: encouraging
the participant to test new concepts, gain concrete knowledge and facts and the
opportunity for reflection during and after the simulation

* A well designed simulation can convey system interactions and dependencies.
3.3

Management flight simulators

Because of the advantages mentioned above, management flight simulators (MFS) are
increasingly becoming common in management education, providing users an immersive but
low-risk environment in which to learn about managerial challenges in fields including
operations, strategy and sustainability (Sterman 2014a, 2014b).

Putting the participant in the

driver's seat, interactive simulations are perceived as engaging and enjoyable alternatives to the
traditional 'transmission' learning model of lecture and discussion. The advocates of MFS also
suggest that the benefits of 'interactive learning' go well beyond holding the participant's
attention, leading to superior learning outcomes. Many have suggested that 'serious' game play
provides users the opportunity to experiment, gaining rapid feedback that fosters learning and
20

improved decision-making (Reeves and Wittenburg 2015, Sterman 2014a). While compelling
arguments exist to support the increasing use of management flight simulators, the advantage of
interactive MFS over conventional teaching methods in terms of learning outcomes has not been
quantified to date. In this thesis I try to bridge that gap, exploring the following research
questions:

1) Do interactive flight simulators lead to better learning outcomes?
2) Do they lead to development of more nuanced concepts about the topic?
3) Do they lead to more immersive experience?

The MIT Sloan School of Management has created a set of interactive, web-based management
flight simulators to teach key ideas in business, strategy, sustainability and related fields
(Sterman 2014a, Sterman 2014b). In this study, I use the Alternative Fuel Vehicles. Drive the
Future simulator,

a working

prototype

of a new

simulator

that

is

available

at

https://forio.com/app/mit/afv/. The link of which was distributed to MTurk workers to develop
their understanding of the impact of different socio-technical interactions generated by different
policy levers on the AFV market.

21

4
4.1

AFV market and Driving the Future simulator
Introduction

The human need for mobility and how this need is addressed has always played a key role in the
development of technology, economies and markets around the world. The automotive industry
has enabled affordable forms of personal and mass transportation within and between cities for
the last century. However, its main powertrain technologies, based on the Internal Combustion
Engine (ICE) burning conventional fuels, are facing enormous challenges ranging from more
stringent emission regulations, increased fuel efficiency requirements and limited long term
availability of fossil fuels. As a result, developing and promoting sustainable transportation
powered by alternate energy sources has emerged as a vital mission for automotive companies
around the world. A number of governments are now establishing clear deployment goals for
alternative fuel vehicles and are providing incentives to the industry to promote growth.

Thus, Alternative fuel vehicles (AFVs) powered by fuels such as electricity, hydrogen and
biofuels represent some of the most promising pathways to increased energy security and
reduced emissions of greenhouse gases and other pollutants. These vehicles will help reduce
dependence on fossil fuels and tap into alternate energy sources that are often domestic and
potentially inexpensive. Figure 4-1 illustrates the key role of transport C02 reductions in the
International Energy Agency's (IEA) "2DS" scenario (2'C Scenario), which describes a future
energy system that would limit average global temperature increases to 2'C by 2050. In this
scenario, the transport sector's potential share of overall C02 reductions would be 21% by 2050.
In order to meet this share, three-fourths of all vehicle sales by 2050 would need to be plug-in
electric of some type (IEA 2012).
22

Source: lEA. ETP 2012. NOTE: Sector percentages represent cumulative contributions to emissions reductions relative to the
4DS (4C Scenario, which is based on proposed policies).
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Figure 4-1 Role of Transport in CO 2 reduction

4.2

Definitions

Before proceeding further, it's important to understand different AFV architectures in market
which exist along a spectrum from least to most electrified, with hybrid gas-electric vehicles at
one end and fully electric vehicles at the other. The various common architectures along this
spectrum are discussed in more detail below and are graphically illustrated in Figure 4-2.

Hybrid Electric Vehicle (HEV)
Hybrid Electric Vehicles still rely on gasoline as their exclusive fuel-source, but employ a
combination of an internal combustion engine (ICE) and electric motor to achieve superior fuel
economy compared to conventional gasoline-ICE vehicles. This is accomplished in two ways: 1)
the two motors are each able to operate in their most efficient regime and 2) the electric motor is
able to capture otherwise-wasted energy through regenerative braking. Because the electric
motor is used during acceleration and to rapidly capture braking energy, this architecture favors
23

high power density energy storage. Similarly, the presence of a conventional gasoline motor and
fuel supply for extended highway driving puts low demands on the requirement for total
electricity storage capacity. (RequiredEnergy Density = Low, RequiredPower Density = High)

Plug-in Hybrid Electric Vehicle (PHEV)
The plug-in hybrid is essentially the same architecture as the HEV, with the additional capability
of being able to charge directly from the electricity grid. As a result, the PHEV is truly an
alternative fuel vehicle. PHEV battery packs are generally larger than those used in HEVs.
(RequiredEnergy Density = Med, Required Power Density = High)

Battery Electric Vehicle (BEV)
Battery Electric Vehicles occupy the extreme end of the electrification spectrum. These vehicles
run completely from stored electricity and do not have any internal combustion engine. As a
result, these vehicles must be plugged in frequently to recharge and require larger electricity
storage capacity in order to achieve acceptable driving ranges. Furthermore, these vehicles also
generally require a 240+ volt power source for charging in reasonable time, requiring dedicated
charging stations or the installation of special power supplies in homes or workplaces. Due to
their complete reliance on stored electricity as a source of energy, these vehicles have the highest
needs in terms of energy density and resulting charging times. (RequiredEnergy Density = High,
RequiredPower Density = Med)

24
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Figure 4-2 Comparison of Vehicle Powertrain Architectures
Source: https://hawaiienergy.com/for-homes/ev

Hydrogen Fuel Cell vehicles (HFCV)
Fuel cell vehicles use hydrogen gas to power an electric motor. Unlike conventional vehicles
which run on gasoline or diesel, fuel cell cars combine hydrogen and oxygen to produce
electricity, which runs a motor. Since they're powered entirely by electricity, fuel cell vehicles
are considered electric vehicles ("EVs")-but unlike other EVs, their range and refueling
processes are comparable to conventional cars and trucks. With the right fueling infrastructure
put in place, fuel cells can be a good option for larger vehicles, longer-distance driving, and
drivers who lack access to home charging.

Biofuel vehicles
Biofuels have been present in the market since decades. However, continuous discoveries of
petroleum deposits have kept the gasoline and diesel prices low and as a consequence; biofuels
did not get similar attention. However, with growing concern about the C02 related global
warming trends, biofuels have been the subject of increasing interest in recent past. Much of the
25

gasoline in the United States is now blended with a biofuel-ethanol (up to 10%). There has
been much further progress in some other countries like Brazil where some cars can run on pure
ethanol.

4.3

AFV Architecture and surrounding context

Of all the powertrain architectures described above, electric vehicles (HEVs, PHEVs and BEVs)
have enjoyed the greatest recent rates of adoption. Let us look at what is the enabling
architecture of these AFVs. Cameron and Crawley (2015) define architecture as "the
embodiment of concept, the allocation ofphysical/informationalfunction to the elements ofform,
and the definition of relationshipsamong the elements and with the surroundingcontext." In this
interpretation of architecture, it is how physical form interacts within a product/system and with
the larger environment to achieve function. In the case of the entrance of electrically powered
vehicles into the mainstream automobile industry, architecture must really be considered at a
hierarchy of levels.

At the vehicle level there exist a number of fundamentally different

architectures, most notably in terms of powertrain layout, each with its own characteristic set of
technology demands and market trends. These vehicle architectures interact however in the
context of a transportation and energy distribution system, the architecture of which must
simultaneously evolve to accommodate these emerging vehicle variants and a dynamic social
landscape. This corresponds to the "surroundingcontext" expressed in Cameron and Crawley's
definition of architecture and dealt with in the next section.
4.3.1

Charging Network Architecture

When introducing the light bulb, Thomas Edison recognized the vital importance of the
surrounding context (electricity distribution) infrastructure in enabling widespread adoption of
26

his invention. Edison developed this infrastructure in parallel with the light bulb itself and wisely
leveraged the existing gas distribution system as a basis for the new electrical network. Taking
this same view toward the adoption of the electric vehicle recognizes the importance of the
charging network on which it relies. The availability of charging infrastructure is a key factor in
increasing the acceptance of EVs at this early stage of adoption. It is commonly assumed that
EVs will be recharged nightly at home (Akhavan-Rezai et. al 2012), but the limited Electric
Range (ER) of EVs makes public charging a requirement for long-distance trips. Therefore,
providing infrastructure for public charging as a complement to home charging will be an
essential need. Electrical charge stations will eventually be dispersed in the charging network,
but inefficient planning for charging infrastructure implementation may hold back EV adoption.
Hence, the development of charging stations should be executed with a view to meeting users'
and suppliers' needs. EV users require access to charging stations when they need them,
accompanied with a high quality of service. Therefore, a lack of charging facilities due to
insufficient development will have a negative impact on drivers' convenience, holding back EV
acceptance, especially in the early stage of adoption.

Figure 4-3 demonstrates the growth and geographic distribution of EV charging infrastructure in
the US between 2011 and 2013. It is worth noting that the charging stations appear to be more
concentrated in regions where EVs are substantially present in market. It is not surprising as
companies that build and maintain these stations need more EVs on the road, as customers, to be
viable. On the flip side, if there are not enough charging stations, buyers may refrain from
buying EVs, fearing a lack of refueling points for their long road-trips. This raises a pertinent
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question - which comes first - The car or the charging infrastructure? Similar chicken-and-egg
infrastructure dynamics apply to all other AFV platforms as well.
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Figure 4-3 Growth and Distribution of Charging Network
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4.3.2

What comes first - The car or the enabling infrastructure?

As we can see, multiple challenges to AFV diffusion exist, including customer bias towards
conventional fuel vehicles and a lack of ubiquitous refueling infrastructure. Tong and Li (2015)
contend limited infrastructure to support electric vehicles presents a major roadblock for greater
acceptance. The relatively small number of large-scale, public, vehicle-charging stations makes
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recharging electric vehicles inconvenient, if not impossible at times. Their analysis suggests that
more charging stations are needed in parking garages in urban centers, parking lots in shopping
malls and parking facilities in apartment complexes and business sites to accommodate consumer
demand for convenient electric vehicle refueling. Using a data set of quarterly electric vehicle
sales in 353 metro areas from 2011 to 2013, the researchers found cities with more charging
stations also have more electric cars. In their analysis, a 10 percent increase in the number of
charging stations per million people in a city would result in a 10.8 percent increase in the
market share of electric vehicles in that city.

To bring about the widespread adoption and service of alternative fuel vehicles, a lot of moving
pieces have to fall into place in a way that's as much choreography as it is coordination. We have
a chicken-and-egg problem. If there aren't enough users and enough vehicles, then the
infrastructure doesn't get built. If there aren't enough infrastructures, then the vehicles aren't
purchased. It's no small challenge as it involves the interaction of multiple sociotechnical forces
with feedback loops. Lot of things need to co-evolve with each other and a good system
dynamics model is needed to analyze the numerous sociotechnical interactions at play here.
4.3.3

Modeling the diffusion of Alternative Fuel Vehicles

To understand the interaction of multiple sociotechnical forces and the AFV diffusion,
researchers have been working on developing computational models to understand the
multifaceted aspects of these complex diffusion dynamics. Struben and Sterman (2008) argued
that diffusion of alternative vehicles is both enabled and constrained by powerful positive
feedbacks arising from scale and scope economies, R&D, learning by doing, driver experience,
word of mouth, and complementary resources such as fueling infrastructure. They then described
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a dynamic model of the diffusion of and competition among alternative fuel vehicles, including
coevolution of the fleet, technology, consumer behavior, and complementary resources. They
demonstrated the existence of a critical threshold for sustained formalized the concept of
consumers' willingness-to-consider an AFV as a stock that accumulates with social exposure
from advertising and word-of-mouth, consistent with the marketing literature on consideration
sets (Hauser et al 1993). Keith et. al (2015a, 2015b) analyzed the diffusion data for Toyota Prius
to investigate the role of supply constraints and waitlists in the diffusion of hybrid electric
vehicles (HEVs) (Keith et al. 2015a) and the spatial diffusion of HEVs (Keith et al. 2015b).
While the introduction of alternative fuel vehicles has been the subject of considerable research
in the academic community, and is receiving major attention of the governments, industries and
other stakeholders, the dynamics of AFV diffusion are not well understood, and agreement does
not exist about the combination of policies and strategies that should be implemented to
accelerate AFV diffusion. To address this need, Keith et. al developed an online simulator based
on a system dynamics model of AFV diffusion calibrated for the US light duty vehicle market.
This simulator is available at https://forio.com/app/mit/afv/ where a user can investigate and
easily understand the complex diffusion dynamics, exploring the influence of multiple policy and
strategy levers. This simulator and the underlying structure are more fully described in the
upcoming sections.
4.3.3.1 AFV Market Simulator Overview
The purpose of the AFV (Driving the Future (DtF): Alternative Fuel Vehicle Market Simulator)
simulator is to improve public and decision-maker understanding of the long-term implications
of possible alternative fuel market futures. It allows the users access to a rigorous - but rapid and
user-friendly - computer simulation of the impacts of fuel prices, technological advancements,
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government policy decisions, OEM policy decisions, OEM R&D spend and the enabling
infrastructure decision-making on alternative vehicle diffusion characteristics. By visually and
numerically conveying the impact of policy and strategy decisions on AFV diffusion, the model
allows users to understand how policy may be used to influence the mix of vehicles sold in the
US automobile market. In this way, DtF offers stakeholders a way to explore the policy actions
may lead them to achieve their goals, and to discover - if they are not on track - what additional
measures may be needed to meet those goals.

In this simulation, users play the role of 'car czar', the top US government official charged with
promoting alternative fuel vehicles, designing and testing policies to promote AFVs for the US
auto market. User can introduce environmental policies such as carbon tax, offer incentives for
the purchase of alternative fuel vehicles and their fuel, and explore the impact of different future
energy price scenarios on vehicle choice, energy use, greenhouse gas emissions and firm
performance. The simulator runs in seconds, allowing for rapid and interactive experimentation
by decision-makers. Users of the simulator are encouraged to iterate through scenarios rapidly,
allowing users to trace the consequences of actions taken through the casual relationships in the
model to the rate of technology diffusion and environmental impacts.
4.3.3.2

Vehicle Market

The model begins in 2000 when hybrid vehicles were first introduced in the US, simulating the
US automotive market through to 2050. Prior to 2015, the model behavior reflects historic
market data for key variables including vehicles sales and fuel prices and then simulates the
market forward.

The model represents the 8 main vehicle powertrains (platforms) that are

available in some form to US car buyers today (more fully described earlier in the section):
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* Gasoline (GAS): Conventional internal-combustion engine vehicles that run on gasoline;
e

Hybrid Electric (HEV): Vehicles running on combination of an internal combustion engine
(ICE) and battery operated electric motor to achieve superior fuel economy.

* Plug-In Hybrid Electric (PHEV): Similar to HEVs, except that PHEVs have a larger
battery that provides a limited range of fully electric driving, and which can be plugged in to
recharge the battery.
* Battery Electric (BEV): Fully electric vehicles that are propelled by an electric motor, with
a larger battery that can only be recharged by plugging the vehicle in.
* Diesel (DIESEL): An internal combustion engine vehicle, similar to a conventional gasoline
vehicle with enabling structural modifications to allow it to run on diesel.
" Biofuel (BIO): An internal combustion engine vehicle, similar to a conventional gasoline
vehicle that has been modified to run on ethanol biofuel.
* Natural Gas (NGV): An internal combustion engine vehicle, similar to a conventional
gasoline vehicle, that has been modified to run on compressed natural gas.
* Hydrogen Fuel Cell (HFCV): Similar to a BEV but instead of using battery power, it
combines hydrogen and oxygen to produce electricity, which runs the motor.
The model represents 6 types of vehicle fuels to power these vehicles, with vehicle-fuel
compatibility shown in brackets: gasoline (GAS, HEV and PHEV), electricity (PHEV and BEV),
diesel (DIESEL), ethanol (BIO), compressed natural gas (NGV), and compressed hydrogen
(HFCV). The model envisages that the consumer choice between multiple competing vehicle
platforms is influenced by: (i) the endogenous accumulation of consumer consideration, (ii)
technological change as a result of learning-by-doing and R&D investment by automakers, and
(iii) the co-evolution of refueling infrastructure with fuel demand.
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4.3.3.3

Model Structure

Please refer to the Keith et al. (2015) for complete details about the model structure. I am
reproducing excerpts of relevant text in the following section.
The model represents an automotive market in which multiple vehicle platforms (powertrain
technologies) compete for new vehicle sales. The vehicle fleet, the stock of vehicles on the road,
accumulates new vehicle sales less vehicle retirements due to old age and crashes (Figure 4-4).
Consumers choose which platform they will purchase based on: (i) the utility of each platform,
and (ii) their familiarity with that platform, which builds with social exposure from advertising
and word-of-mouth (RI). The utility of each platform depends on its attributes, such as purchase
price, operating cost and refueling convenience, which evolve in the presence of feedbacks
including learning-by-doing and R&D investment by producers that lead to cost reductions (R2),
and the coevolution of refueling infrastructure with fuel demand (R3).
Refueling Infrastructure
As discussed before, Refueling infrastructure is a critical determinant in the success or failure of
AFVs. Considering the chicken-and-egg problem, both the refueling infrastructure and vehicles
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need to co-evolve in a powerful reinforcing feedback that can facilitate AFV diffusion. A
standard stock management structure (Sterman 2000) is used to model the refueling
infrastructure in the simulator (Figure 4-5). The desired expansion of capacity depends on the
fuel provider's perception of profits being earned from network that exists currently. The current
refueling capacity and the fuel demand drive the utilization and the anticipated profits from the
station. As can be seen in the figure, significant material (time required to obtain permit and
construct) and information delays (time required to perceive the level of profits and expected
demand) exist in the construction of infrastructure.

Driver Refueling Behavior
The model structure also captures the impact of fueling infrastructure on driver refueling
behavior. The number of refueling stations directly impacts the average driving distance to the
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refueling station. As the number of refueling station increases, the average driving distance to
station decreases, thereby increasing the utility of the drive. This in turn promotes increased
vehicle usage which increases the fuel demand and the associated profits, leading to the further
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construction of refueling stations (R3, Chicken-and-egg). However, if the infrastructure is
limited, the driving distance is more which promotes the behavior to always keep buffer fuel due
to perception of out of fuel risk. Numerous news articles can be found online which refer to this
phenomenon being experienced at Tesla's recharging stations at present. This tendency to keep
large buffer stock reduces the effective range of the vehicle leading to more refueling frequency
and queues at stations, eventually suppressing platform appeal (B2, Demand Response) and the
utility of the platform (R4, Topping Ofj). Several other formulations about the consumer
behavior, fleet turnover, consumer choice models also form the backbone of the simulator.

The

full

simulation

model

and

documentation

can

be

downloaded

from:

http://dkeith.scripts.mit.edu/models/.
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5

Experimental Design

This research was undertaken with approval from the Committee on the Use of Humans as
Experimental Subject (COUHES) at the Massachusetts Institute of Technology (MIT). After
giving their informed consent, participants were allowed to work on my published Human
Intelligence Tasks (HITs) on MTurk.
5.1

Running MTurk experiments and data quality

I ran the HITs successively over a period of a few days, with participants who complete a HIT
prohibited to take part in further HITs to maintain the independence of the samples. The groups
are segregated as follows:

Group 1 (Control group) - Report Only - In this treatment condition, the participants went
through the inputs and outputs of the simulations that vary in terms of the policy and strategy
decisions implemented in order to understand the opportunities and challenges that exist for the
diffusion of AFVs. The results were presented in a report representative of the conventional
transmission mode of teaching.
Group 2 (Treatment group 1) - Simulator only - In this treatment condition, subjects undertook a
guided exploration of an interactive management flight simulator and worked directly with the
simulator to understand the impact of policies on AFV diffusion dynamics.
Group 3 (Treatment group 2) - Simulator + Report - In this treatment condition, the subject went
through the conventional report and explored the same sequence of prescribed simulations in
terms of the policy and strategy decisions implemented.
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In all the conditions, subjects must complete all of the pretest questionnaire, the assigned task
and the posttest questionnaire in order to be paid the $5 completion fee. I have included the
MTurk HIT, pretest and posttest surveys and all treatment documents that the groups explored in
Appendix A. Further, to maximize the quality of the data collection process, I do the following:

1. I restrict participation to MTurk workers with at least 95% reputation and at least 500
approved HITs, which has been found to be an effective screen in order to obtain high
quality data (Peer et al. 2014);
2. I also include attention check questions (ACQs) in the pretest and posttest about the task,
given that the length of the task requires sustained attention;
3. I request the MTurk worker ID of each subject to prevent duplicate responses. While it is
theoretically possible for MTurk workers to participate in the same study more than once
using multiple accounts, little to no evidence of such activity has been found (Chandler,
Mueller, & Paolacci, 2014);
4. I encourage subjects to take their time completing the assigned task, rejecting responses
where insufficient time has passed between completion of the pretest and posttest.
5. I limited the geographic location of the participants to USA and verified the same using
MTurk. Only subjects whose IP addresses were verified to be from USA were allowed to
proceed.

5.2

Selecting the effect size

While preparing to conduct a trial, I wanted to design the experiment with sufficient statistical
power to find any meaningful effect of the various treatments applied. While multiple factors
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impact the power of an analysis, including sample size, significance level, 'true' value of
parameter being tested, effect size etc., the only factor under my direct control was the sample
size (i.e. number of subjects in the trial).

In order to estimate the necessary sample size, it is necessary to know the effect size in advance,
which is a standardized way to report the strength of an apparent relationship (in this case, the
learning outcome). This is a chicken and egg problem, because I do not know the effect
size before I have conducted the study. Intuitively, it is easier to detect strong phenomena than
weak ones. For example, if a treatment has a major impact, an experiment to test this hypothesis
will have high statistical power since it will be easy to find the effect. On the other hand, if the
impact of treatment is real but small, there will be low power, meaning there is a risk that the
experiment will not find a statistically significant result. I use Cohen's d (Cohen 1988) value to
estimate the effect size of the difference between the two population means. A widely accepted
metric, Cohen's d is categorized as follows:
Cohen's d

Interpretation

0.2

A small effect

0.5

A medium effect

0.8+

A large effect

I assume that the simulator will have a medium effect on the participant's understanding of the
AFV market dynamics which corresponds to a value of 0.5. The other parameters that I use in
calculating the sample size are:
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-

Alpha (a) is the probability of falsely rejecting the null hypothesis, and the most common
value is 0.05. A more thorough discussion on setting the significance level can be found
here (https://en.wikipedia.org/wiki/P-value).

-

Statistical power is the ability of study to detect a result that exists in nature
(https://en.wikipedia.org/wiki/Statistical_power). Generally, the power should be as high
as possible. However, setting it too high may result in a large sample size which may
render the experiment impractical. A value of 0.8 is often used in practice and I use the
same in my sample size calculations.

With the values above, I calculate the minimum sample size to be 64 in each group. To be
conservative, I then recruit 70 participants in each group to conduct the experiment using a threegroup pretest-posttest experimental design.
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6.1

I

Results and Discussion
Time per HIT spent by the groups

I sequentially released three different HITs on MTurk. In all the HITs, the suggested time was
one hour with a time independent payment of 5$ upon successful completion. Figure 6-1 shows
the amount of time spent by each respective group. The 'report only' group spent an average of
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13 minutes on the HIT. The groups working with the simulator spent more time on the HIT,

with 'simulator only' and 'report + simulator' group spending 74

38 and 101

36 minutes

respectively. After completing the HIT, many participants sent emails commenting on their
positive experience while working with the simulator.
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Figure 6-1 Time spent by groups (in minutes)
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6.2

Demographics and statistical methods

I begin by comparing survey demographics to national estimates from the following sources:
state

populations

(https://en.wikipedia.org/wiki/ListofU.S._statesandterritoriesbypopulation),

age and gender (Howden and Meyer, 2011) and political party affiliation (Jones, 2011). Despite
the small sample size (~208 people across all the three groups), I find that the participants are
fairly representative of US demographics (Figures 6-2 and 6-3), certainly more so than surveys
which can be expected in the classroom settings. The participants come from 40 states and the
participation across the states is broadly proportional (R2 = 0.86) to each state's 2015 census
population (Fig. 6-2). However, relative to US demographics, MTurk participants are younger
and more left leaning than right with the independent participants being comparable. This is very
much in line with the extant work that shows that MTurk samples tend to have lower average
ages (Berinsky et al., 2012; Huff & Tingley, 2015; Ipeirotis, 2010, Krupa et. al 2014). Similarly,
the political identity is very much in line with previous studies with MTurk samples frequently
containing more Democrats than population-based samples (Berinsky et al., 2012, Kevin E.
Levay 2016).

I use Microsoft Excel and SPSS software packages to explore correlations and relationships
between the categorical survey data. I treat answers as ordinal data and use Pearson Chi Squared
correlations to test for significant associations and cross-correlations between factors and
participants attitude, with a maximum p < 0.05 significance criteria. I also use ANOVA repeated
measures test for determining the difference between treatment groups, and ANOVA difference
analysis with post-hoc Scheffe tests to determine the strength of group impact wherever needed.
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6.3
6.3.1

Survey Questions
Climate Threat Perception

After obtaining demographic information from respondents, I asked a series of questions to
assess participants' attitude towards climate change action prior to their participation in our
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workshop. The first question in the survey addressed participant's view on climate change. I
asked: "How much of a threat do you think climate change is to humanity?" offering five
statements with language expressing different degrees of significance. Results show that more
than 70% of our participants see climate change as a significant (major and above) issue (Refer
figure 6-4). Also, for this issue, no statistical difference is found for the threat perception level
understanding between pretest and posttest survey across all groups. These results are not
surprising because of the wide spread media coverage of the global warming and the recent Paris
climate talks. It seems that in general, the participants are aware of the risks associated with
climate change.
How much of a threat do you think climate change is to humanity?
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Figure 6-4 Threat perception of Climate Change
Further, I asked "How important is for USA to reduce greenhouse gas emissions (GHG)?" and
again offered five statements with language expressing different levels of importance. Results
show that the majority of participants (~70%) understand the importance of reducing the
greenhouse gas emissions (Figure 6-5). Climate change and GHG emissions reduction are
closely linked, so similar observation for both the questions is consistent with expectations.
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How important it is for US to reduce GHG
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Figure 6-5 Importance of US action on GHG
6.3.2

Familiarity with vehicle platforms

Participants were then asked questions about their familiarity and their willingness to consider
buying different vehicle platforms. Figure 6-6 and Figure 6-7 compare the participants'
responses to these questions. Expectedly, participants are extremely familiar (>90%) with the
conventional GAS vehicle platform. The level of familiarity goes down as we move through
increasingly novel HEV, PHEV, BEV and HFCV platforms. Similarly, as there is a positive
correlation between the familiarity and willingness to buy as I observe similar pattern for the
willingness to buy graphs as well. Participants have high familiarity and thus high willingness to
buy GAS vehicles and in contrast, low familiarity and thus low willingness to buy the hydrogen
fuel cell vehicles (Figure 6-8).

I
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How familiar are you with HFCV

How likely are you to consider HFCV for your next purchase

0000%
50300%

500%

00C00%

i00% Ii
000%53

300
2000%

1000%

000

-

0ailiat

Only Pw

Simulator

Only

0%ihe

IIm
Aar
i
Ity

IXtrem
ely
fam.if
Very
lgepoot

U

5oo
1

1000

4O

ely
0Iyutov

-.

M

Teol

s Report (Oy Post

Post Test

Report + Simulator

Test
Pre

Q simm
Test

Reporl

or 00y
.

P0

Srmulatof

TI"
Post

Roept

Test

only

Pre Test

Simulator Only

Post Test

a Repel Ony
Report

Post Test

Smulato

Pre

%nuoltor
Test

Report

Only

+ Smulatof

Pre Test
Post Test

Figure 6-8 Familiarity and likelihood of buying HFCV platform

6.3.3

Perception about the government policy actions

I next assess participant's understanding of the AFV market and certain potential policy actions.
I asked the participants "To what extent do you agree with the following statements about
Alternative Fuel Vehicles - AFVs account for a significant f-action of new vehicle sales in the
United States today ". The results (Figure 6-9) show that despite sales of electric vehicles being
less than ~3% of the new car sales, a significant fraction of respondents (30-40%) think that

AFVs account for a significant fraction of new vehicle sales. Only 5-8 % participants strongly
disagree with the statement in the pre- test survey. However, in the post test survey the number
of people who strongly disagree changes from 8% to 22% for report only group, 5% to 25% for
simulator only group, 5% to 17% for simulator + report group. All these changes are statistically

+

significant (report only - X 2 = 4.54, p=0.03; simulator only X2= 9.52, p=0.002; simulator
report X 2= 4.52, p=0.03) with the simulator case being most significant.

I also asked participants "To what extent do you agree with the following statements about
Alternative Fuel Vehicles - Government policy interventions are needed to build a viable market
for AFVs ". Comparing the pre and post survey results (Figure 6-10), I see a significant jump in
the number of people who strongly believe that policy actions are needed. The number of people
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increases from 31% to 51% for report only group, 22% to 56% for simulator only group, 22% to
42 % for simulator + report group. All these changes are again statistically significant (report

only - X 2 = 4.95, p=0.026; simulator only X2= 14.86, p < 0.001; simulator + report X 2 = 6.34,
p=0.01) with the simulator case again being most significant.

To what extent do you agree that AFVs account for a
significant fraction of new vehicle sales in US
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Figure 6-9 Response about new vehicle sales fraction

To what extent do you agree that government policy
interventions are needed to build a viable market for AFVs
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Figure 6-10 Response about need of government policy interventions
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I then asked participants "To what extent do you agree with the

following

statements about

Alternative Fuel Vehicles - Introducinga price on greenhouse gas emissions (e.g. a carbon tax)
will accelerate consumer adoption of alternativefuel vehicles (AFVs) ". While comparing the pre

survey with post survey results, I see a significant jump in the number of people who strongly
believe that carbon tax is needed. The number of people increases from 22% to 49% for report
only group, 23% to 56% for simulator only group, 25% to 35 % for simulator + report group. All

these changes are statistically significant (report only - x2 = 10.1, p < 0.002; simulator only x2 =
12.14, p < 0.001; simulator + report X 2 = 3.48, p=0.05) with the simulator case again being most
significant.
To what extent do you agree that introducing carbon tax will
accelerate consumer adoption of AFVs
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Figure 6-11 Response about introducing carbon tax
For the question "To what extent do you agree with the following statements about Alternative
Fuel Vehicles - The cost of new technologies such as EV batteries and hydrogen fuel cells is a
key influence on consumer adoption of AFVs ", I see that in general, majority of participants (>

70%) are aware of the fact that cost of new technologies drive consumer adoption. The results
are not statistically different across pretest and posttest surveys across all the groups.
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To what extent do you agree that cost of new technologies
such as EV batteries and hydrogen fuel cells is a key
influence on consumer adoption of AFVs
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Figure 6-12 Response about cost of new technologies impacting consumer adoption
I then asked the participants "To what extent do you agree with the fbilowing statements about
Alternative Fuel Vehicles - the price of oil is a key influence on consumer adoption of AFVs

The observations are expectedly very similar to those of earlier question related to the cost of
technology. In general, majority of participants (> 70%) agreed that oil price is a key influence
on consumer adoption of AFVs.
To what extent do you agree that the price of oil is a key
influence on consumer adoption of AFVs
50.00%
45.00%
40.00%
35.00%

-.-.---

- - - ---

30.00%

-

25.00%20.00%
15.00%
10.00%

E

5.00%
Strongly agree

Somewhat agree

a Report Only - Pre Test
0 Simulator Only - Post Test

Neither agree nor
disagree

M Report Only - Post Test
Report + Simulator - Pre Test

-----

Somewhat disagree

Strongly disagree

V, Simulator Only -Pre Test
Report + Simulator Post Test

Figure 6-13 Response about price of oil impacting consumer adoption
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The participant's re sponse to the next survey question: "To what extent do you agree with the
following statements about Alternative Fuel Vehicles - A widespread transition away f-om
gasoline vehicles is likely by 2030" revealed that close to 50% of participants agreed (strongly or
somewhat) that thi s transition is likely to happen by 2030.

However, in response to next

question about the likelihood of this transition by 2050, a significantly larger number of
participants (close t o 80%) agreed that this transition is likely to happen by 2050.
To what extent do you agree that a widespread transition
away from gasoline vehicles is likely by 2030
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Figure 6-14 Response about transitioning away from GAS vehicles by 2030
To what extent do you agree that a widespread transition
away from gasoline vehicles is likely by 2050
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Figure 6-15 Response about transitioning away from GAS vehicles by 2050
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6.3.4

Putting the participants in the role of 'car czar'

Finally, with intent to measure the learning outcomes of the participants, I put them in the shoes
of the 'car czar', the top US government official charged with promoting alternative fuel
vehicles. I then offered respondents the following seven options to choose from in order to
promote each of the HEV, PHEV and BEV platforms individually:
Option A: Spend all the money offering tax incentives to reduce the purchase price of AFVs
Option B: Spend all the money advertising AFVs to increase consumer awareness
Option C: Spend all the money building electric vehicle charging infrastructure
Option D: Spend the money on Options A and B equally
Option E: Spend the money on Options A and C equally
Option F: Spend the money on Options B and C equally
Option G: Spend the money on Options A, B and C equally
Assume that you are the 'car czar', the top US government official charged with promoting
alternative fuel vehicles. You have a significant budget to spend promoting Hybrid Electric
vehicles (HEVs). Which of the following options is closest to the strategy you would pursue?

Figure 6-16 shows the responses of the participants on how they would allocate investments to
increase sales of HEVs. As HEVs don't need refueling infrastructure, the most logical measures
in this scenario are Option A (brings down the effective price of the vehicle to increase the utility
of the vehicle), Option B (improves consumer familiarity with that platform) and Option D
(combination of above). With an unlimited budget, Option D may be considered the best as it
would activate both the reinforcing loops concurrently. However, with budget limitations, all
three options (i.e. spending the entire amount in A/B or dividing that equally) produce similar
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results in the simulator. However, in pretest survey, close to 60% people chose options E or G,
indicating that we need to allocate resources to investment in charging infrastructure that is not
compatible with HEVs.
Assume that you are the 'car czar', h ow you will spend money to promote HEVs
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Figure 6-16 Response about the policy levers for promoting HEVs
Per the posttest survey results, I see a significant shift away from Option G, E towards Options
A, B and D for both the groups which used simulator, but not in the group that read the report,
which exhibited an increase in choosing Option G in the posttest. This suggests that the groups
who used simulator developed a more nuanced understanding about this topic which the reportonly group failed to develop. The following table 6-1 compares the pretest/posttest survey totals
for the three options (A, B, D) cumulatively:
Statistically

% of people -

% of people

Pretest - AB

- Posttest -

and D

A,B and D

Report Only

26%

22%

0.36

0.55

No

Simulator Only

26%

54%

11.02

<0.001

Yes

Report +Simulator

24%

41%

4.6

0.03

Yes

Group

2

Pivalue

Table 6-1 Pretest/posttest survey totals for the three options (A, B, D)
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Per the calculations above, there was no statistically significant difference in respondents'
understanding of the policy levers indicated by selection of Options A, B and D for the report
only group. However, significant differences are observed for the groups that used the simulator.
The difference was the most significant for the simulator-only group (a lower p value thus
suggests stronger evidence for rejecting the null hypothesis).

Two-way, within-between, ANOVA analysis for the HEV data
I now use a two-way ANOVA, also called a two factor ANOVA, to further quantify the
differences between treatments. This method can be used when there are two independent
variables (factors) influencing one dependent variable. In my situation, one factor is the method
of delivery (reportor simulator or a combination of both), and the second factor is time (pretest
andposttest survey). Time is the "within" factor, because I am measuring each group twice (pretest and post-test, interested in the difference within each group over time. The treatment
(delivery method) is the "between" factor, because I want to look at differences between groups
exposed to different treatments.
Table 6-2 displays the main results of the Within-Between ANOVA for the HEV survey. The
analysis of the main effect of "test" is significant which indicates that the difference in ordinal
values between the pretest and posttest when all groups are averaged together. As can be seen
below, the test*Group analysis shows that the interaction between the results and the group was
highly statistically significant. Thus, the groups had significantly different changes from pretest
to posttest.

While this doesn't provide a direct answer on how the various treatment groups

improved relative to each other, an indication of this can be arrived at by looking at the plot of
means shown in Figure 6-17. The mean scores for both the groups using simulators decrease as
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expected from pretest to posttest. The mean score for the report only group, however, increased
in the post survey, contrary to expectations.
Tests of Within-Subjects Effects - HEV
Measure:

MEASURE_1

I

df

Mean Square

F

Sig.

Sphericity Assumed

19.817

1

19.817

6.511

0.011

Greenhouse-Geisser

19.817

1

19.817

6.511

0.011

Huynh-Feldt

19.817

1

19.817

6.511

0.011

Type III Sum of Squz

Source
test

test * Group

Error(test)

Lower-bound

19.817

1

19.817

6.511

0.011

Sphericity Assumed

36.597

2

18.299

6.012

0.003

Greenhouse-Geisser

36.597

2

18.299

6.012

0.003

Huynh-Feldt

36.597

2

18.299

6.012

0.003

Lower-bound

36.597

2

18.299

6.012

0.003

Sphericity Assumed

623.932

205

3.044

Greenhouse-Geisser

623.932

205

3.044

Huynh-Feldt

623.932

205

3.044

Lower-bound

623.932

205

3.044

Table 6-2 Tests of Within-Subjects Effects for HEV survey
Estimated Marginal Means of MEASURE_1
Group
-

Report + Simulator
Report only
Simulator Only

5.5C
10

R
E

U

4 5-

test

Figure 6-17 Plot of means - HEV

To compare the slopes of the lines and impact of the treatments by group, we need to do planned
comparisons, which I undertake using a one-way between-factor ANOVA, followed by Scheffe
post-hoc tests, shown in Table 6-3. The Scheffe test shows that there are statistically significant
differences between the 'Report' and 'Simulator', 'Report' and 'Report + Simulator' groups.
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Statistically, the improvement in the 'Simulator'-only group is not significantly different in
comparison to the improvement the 'Simulator + Report' group.
Multiple Comparisons -HEV
Dependent Variable: Difference
Scheffe
(1) Group

Report + Simulator
Report only
SimulatorOnly

(J) Group

Mean Difference (I-J)

Std. Error

Sig.

Report only
Simulator Only
Report + Simulator
Simulator Only
Report + Simulator

1.2714*
0.0332
-1.2714*
-1.2382*
-0.0332

0.011
0.997
0.011

Report only

1.2382*

0.41704
0.42009
0.41704
0.42009
0.42009
0.42009

0.014
0.997
0.014

95% Confidence Interval
Lower Bound Upper Bound
0.24
2.30
-1.00
1.07
-2.30
-0.24
-2.27
-0.20
-1.07
1.00
0.20
2.27

Table 6-3 Output from ANOVA used as a Post-Hoc for the Interaction - HEV
These results indicate that both treatment groups using the simulator developed a greater
understanding of the topic that the report-only group, consistent with our hypothesis that the
interactive nature of the simulator enables improved learning outcomes. Finally, we test whether
the changes observed within any particular group are statistically significant from pretest to
posttest, which is achieved using a paired sample t-test using only the pretest and posttest data
for each individual group (Table 6-4).

Group
Report Only

Simulator OnlyI
Reort + Simulator

Paired Samples Test - HEV
Paired Differences
Std. Deviation Std. Error Mear 95% Confidence Interval of the Difference
Mean
Parameter
Lower
Upper
Pre Test - Post Test
-0.4
1.773
0.212
-0.823
0.023
Pre Test - Post Test
0.838
2.471
0.3
0.24
1.436
Pre Test - Post Test
0.871
3.002
0.359
0.156
1.587

t

df

Sig. (2-tailed)

-1.888

69

2.797
2.429

67
69

0.063
0.007
0.018

Table 6-4 Paired sample t test for HEV data
These results confirm that the improvements observed in groups that used simulator are
statistically significant (p = 0.007 for 'simulator only' group, p = 0.018 for 'report + simulator'
group), while the difference for 'report only' group is not significant.
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Assume that you are the 'car czar', the top US government official charged with promoting
alternative fuel vehicles.

You have a significant budget to spend promoting Plug-in Hybrid

Electric vehicles (PHEVs). Which of the following options is closest to the strategy you would
pursue?
Figure 6-18 shows the responses of the participants on how they would allocate investments to
increase sales of PHEVs. Like HEVs, PHEVs would benefit the most from incentives to reduce
the purchase price, and advertisement spending intended to increase consumer familiarity.
Marketing spending combined with tax incentives (Option E) is the most potent lever for
PHEVs, because consumer familiarity with PHEVs is very low initially. Though lower in impact,
Options B, D, F, and G can also improve the sales, focusing on marketing exclusively (B) or
developing charging infrastructure also (F and G). PHEVs aren't dependent on the availability of
charging infrastructure for their survival, as they can be charged at home or driven using the
internal combustion engine fueled by gasoline, but still benefit from having public charging
stations available that will improve the ease electric driving, supporting further sales.
Assume that you are the 'car czar', how you will spend money to promote PHEVs
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Figure 6-18 Response about the policy levers for promoting PHEVs
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As I can see in Figure 6-18, qualitatively speaking, participants were able to understand the
importance of marketing for the PHEV platform. The number of participants who chose options
that did not involve marketing after completing the task (Options A, C and E) came down across
all the groups, consistent with the intended learning presented in all treatments. Table 6-5 below
shows the analysis of the questions where we noticed statistical differences.

The number of

people advocating option B increased for all the groups, which is consistent with the intended
learning outcome. I also observe that the design of this question is not ideal to identify this effect
statistically, because, for example, respondents in the 'Report + Simulator' treatment moving
from Option E in the pretest to Options D and F in the posttest are confounded in statistical tests
of ordinal means. The detailed analysis of the comparisons which were statistically significant is
given in the table below.
Group

%of

%of

people -

people -

x

p value

different?

0%

9%

6.3

0.012

Yes

19%

1%

11.5

<0.001

Yes

Pretest

Option B
Option C

Report
+Simulator
Simulator Only

Posttest

Statistically

Option D

Report
+Simulator

5%

23%

8.4

0.004

Yes

Option E

Report
+Simulator

43%

13%

15.7

<0.001

Yes

Report

3%

14%

5.83

0.015

Yes

Option F

+Simulator

Table 6-5 Statistically significant correlations for PHEV survey

Table 6-6 displays the main results of the Within-Between ANOVA for the PHEV survey. As
can be seen below, the test*Group analysis shows that the interaction between the results and the
group was not statistically significant, meaning that in aggregate the pretest and posttest results
were not significantly different.
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Tests of Within-Subjects Effects - PHEV
MEASURE 1

Source

Error(test)

df

Mean Square

F

Sig.

4.288

1

4.288

1.451

0.23

Greenhouse-Geisser

4.288

1

4.288

1.451

0.23

Huynh-Feldt

4.288

1

4.288

1.451

0.23

Lower-bound

4.288

1

4.288

1.451

0.23

Sphericity Assumed

8.221

2

4.111

1.391

0.251

Greenhouse-Geisser

8.221

2

4.111

1.391

0.251

Huynh-Feldt

8.221

2

4.111

1.391

0.251

Lower-bound

8.221

2

4.111

1.391

0.251

Sphericity Assumed

605.834

205

2.955

Greenhouse-Geisser

605.834

205

2.955

Huynh-Feldt

605.834

205

2.955

Lower-bound

605.834

205

2.955

Table 6-6 Tests of Within-Subjects Effects for PHEV survey

Estimated Marginal Means of MEASURE_1
Group
Report + Simulator
--

//

Report only

Simulator Only

/

test * Group
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/
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Figure 6-19 Plot of means - PHEV
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Multiple Comparisons -PHEV
Dependent Variable: Difference
Scheffe
(1) Group
(J) Group

Report + Simulator
Report only
SimulatorOnly

Mean Difference (I-.)

Std. Error

Sig.

Report only
SimulatorOnly

0.2143
-0.4622

0.41094
0.41395

0.873
0.537

Report + Simulator
SimulatorOnly
Report + Simulator
Report only

-0.2143
-0.6765
0.4622

0.41094
0.41395
0.41395

0.873
0.265
0.537

0.6765

0.41395

0.265

95% Confidence Interval
Lower Bound
Upper Bound
-0.80
1.23
-1.48
0.56
-1.23
0.80
-1.70
0.34
-0.56
1.48
-0.34
1.70

Table 6-7 Output from ANOVA used as a Post-Hoc for the Interaction - PHEV
Group

Parameter

Report Only
Pre Test - Post Test
Simulator Only
Pre Test - Post Test
Reort + Simulator Pre Test - Post Test

Paired Differences
Mean

Std. Deviation

-0.5
0.176
-0.286

2.034
2.769
2.444

Std.

Paired Sam les Test - PHEV
P
Error Mean 95% confidence Interval of the Difference
Lower
Upper
0.243
-0.985
-0.015
0.336
-0.494
0.847
0.292
-0.869
0.297

t

df

Sig. (2-tailed)

-2.057
0.525
-0.978

69
67
69

0.044
0.601
0.332

Table 6-8 Paired sample T test for PHEV data
The paired sample test data above suggests that there is no statistically significant improvement
in the groups that used simulator. However, the 'report-only' group is statistically significant.
The difference of ordinal mean moved up by 0.5 towards option G (i.e. more people opted for
option G in post survey - Figure 6-18) Thus, they demonstrated a different learning as compared
to the simulator only group. As discussed before, it cannot be said that Option G is the
objectively the best option for this scenario and there can be other potential options as well (for
example option B, C etc.) which has lower ordinal scores. Though not statistically different,
qualitatively speaking, it seems that only the 'simulator only' group was able to pick that up
which moved towards a lower score (positive 0.176 value of pre-post ordinal mean difference)
by picking different policy levers which did not involve all three levers (Option G). This shows
that they developed a better understanding of different policy lever tradeoffs.

Assume that you are the 'car czar', the top US government official charged with promoting
alternative fuel vehicles.

You have a significant budget to spend promoting Battery Electric

vehicles (BEVs). Which of the following options is closest to the strategy you would pursue?
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Figure 6-20 shows the response of the participants on how they would allocate investment to
increase the sales of the BEVs. BEVs require choreographed policy actions of increased
marketing spending to build consumer familiarity and the deployment of charging infrastructure
(to improve the viability of EV driving). Though not the 'must have' solution, tax incentives act
as catalysts to the sales by lowering the cost of the vehicle. For BEVs, our simulator suggests
that Option G is the most potent lever, followed by Option F, because charging infrastructure
development coupled with marketing and tax incentives is most critical for enabling mainstream
adoption of BEVs. Pretest data suggests that a significant number of participants are already
aware of this, as shown in Figure 6-20. With a few inconsequential exceptions, there were no
statistically significant differences observed between the individual pre and posttest responses.
Assume that you are the 'car czar, how you will spend money to promote BEVs
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Figure 6-20 - Response about the policy levers for promoting BEVs
Participants were able to understand the importance of marketing and infrastructure need for the
BEV platform. The number of participants picking either option F or option G improved across
all the groups. Table 6-9 displays the main results of the Within-Between ANOVA for the BEV
survey. The results are very similar to the PHEV case. As can be seen below, the test*Group
analysis shows that the interaction between the results and the group is not statistically
significant, meaning that in aggregate the groups are not significantly different between the
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pretest and posttest. Analysis of the means graph (Figure 6-21) and the Scheffe post-hoc test
(Table 6-10) reveal that while the 'Simulator only' group trended in the direction of lower
marginal means, the difference is not statistically significant.
Tests of Within-Subjects Effects - BEV
Measure:

MEASURE

1

Source

test

test * Group

Error(test)

1

Squares

df

Mean Square

F

Sig.

Sphericity Assumed

16.59

1

16.59

6.275

0.013

Greenhouse-Geisser

16.59

1

16.59

6.275

0.013

Huynh-Feldt

16.59

1

16.59

6.275

0.013

Lower-bound

16.59

1

16.59

6.275

Sphericity Assumed

11.042

2

5.521

2.088

0.013
0.127

Greenhouse-Geisser

11.042

2

5.521

2.088

0.127

Huynh-Feldt

11.042

2

5.521

2.088

0.127

Lower-bound

11.042

2

5.521

2.088

0.127

Sphericity Assumed

541.997

205

2.644

Greenhouse-Geisser

541.997

205

2.644

Huynh-Feldt

541.997

205

2.644

1

1

Lower-bound

541.997

205

2.644

1

1

Table 6-9 Tests of Within-Subjects Effects for BEV survey
Estimated Marginal Means of MEASURE_1
6

Group

0-

Report + Simulator
Report only
Simulator Only

5 8-

/
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/
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Figure 6-21 Plot of means - BEV

The paired sample t test result (Table 6-11) for 'report-only' group is statistically significant for
BEV case. The paired difference of ordinal mean moved up by 0.686 towards option G (i.e. more
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people opted for option G in post survey - Figure 6-20) Thus, similar to PHEV scenario, they
demonstrated strong tilt towards Option G in the post survey. Similar observation can be made
about the 'report + simulator' group where the paired mean moved up by 0.571 which was
marginally significant.
Multiple Comparisons -BEV
Dependent Variable: Difference
Scheffe

(J) Group

Mean Difference (I-J)

Std. Error

Sig.

Report only
Simulator Only
Report + Simulator
Simulator Only
Report + Simulator
Report only

0.1143
-0.6303
-0.1143
-0.7445
0.6303
0.7445

0.38869
0.39154
0.38869
0.39154
0.39154
0.39154

0.958
0.276
0.958
0.167
0.276
0.167

(1) Group

Report + Simulator
Report only
Simulator Only

95% Confidence Interval
Upper Bound
Lower Bound
-0.84
1.07
0.34
-1.60
0.84
-1.07
0.22
-1.71
-0.34
1.60
1.71
-0.22

Table 6-10 Output from ANOVA used as a Post-Hoc for the Interaction - BEV
Paired Sam les Test - BEV
Paired Differences
Group

Parameter

Pre Test - Post Test
Report Only
Simulator Only Pre Test - Post Test
Reort + Simulator Pre Test - Post Test

Mean

Std. Deviation

-0.686

1.975

0.059
-0.571

2.455
2,441

Std. Error Mean

0.236
0.298
0.292

t

df

Sig. (2-tailed)

-2.905
0.198
-1.959

69

0.005
0,844

95% Confidence Interval of the Difference

1

Lower

Upper

-1.157

-0.215

-0.535
-1.153

0.653
0.011

67
69

0.054

Table 6-11 Paired sample T test for BEV data
In summary, analysis of the pretest and posttest results from all the surveys demonstrate that the
groups which used simulator (treatments one and two) developed at least similar and in some
cases better understanding of the AFV market dynamics. This better understanding is most
clearly evident in responses to the question about promoting HEVs, where a more nuanced
understanding of the topic was developed.
6.3.5

Simulator Experience

At the end of the post survey, I asked the participants of the two groups who worked with the
simulator; "Do you agree that simulator enabled you to develop an understandingof the AFV
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market and policy levers". In response, overwhelming majority (> 90%) of participants agreed

with the statement (Figure 6-22).
Do you agree that simulator enabled to develop an understanding of AFV
market and the policy levers
70.00%
60.00%
50.00%
2 40.00%
30.00%

20.00%
10.00%

0A00%
Strongly Agree

Somewhat Agree

Neither agree nor

Somewhat disagree

Strongly disagree

disagree

a Report

+ Simulator - Post Test

v Simulator Only - Post Test

Figure 6-22 Response on simulator effectiveness
Further, I also asked; "Do you agree that simulator can provide a better learning opportunity
than the traditionalreports, power point presentation methods ". In response to this question as

well, in response, overwhelming majority (> 90%) of participants agreed with the statement
(Figure 7-3).
Do you agree that the simulator can provide a better learning opportunity than the
traditional reports, powerpoint presentation methods
80%

60%
50%

40%

-------

30%
20%

Strongly Agree

Somewhat Agree
0 Report + Simulator Post Test

Neither agree nor disagree

a Simulator Only - Post

Somewhat disagree

Test

Figure 6-23 Response on simulator being a better teaching method
The response to the above questions suggests that interactive simulators can be an effective way
of teaching complex system dynamics principles.
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Discussion

Management flight simulators are increasingly common in management education. Anecdotally,
the interactive nature of flight simulators provides improved learning outcomes for participants
compared with the traditional transmission mode of lecture and discussion However, the
assumed benefits of flight simulators have not been tested empirically. To bridge that gap, in this
study I run an experiment using online participants provided by Amazon's Mechanical Turk
service, which has the advantage of being more diverse and representative of general US
population. While one group went through the report, the other two groups worked through an
interactive simulator designed to improve people's understanding of alternative fuel market
dynamics and influence their attitudes towards enabling policy actions.

The simulator was built on several key concepts of system dynamics applied to alternative fuel
vehicle market: the concept of consumer acceptance, platform utility, stocks and flows and the
effects of time delays in a system's behavior. While these are complex principles to grasp, my
first key takeaway is that participants found the simulator immersive and enjoyable, evident in
the time they spent working on the task and their stated response to questions about the
simulator. While the report only group spent an average of 34 minutes on the HIT, the simulator
only and report + simulator group spent 74 and 101 minutes respectively (despite HITs guidance
of spending 1 hour and a time-independent pay of $5). More than 90% participants believed that
simulator helped them understand the AFV market dynamics and impact of policy levers.
Similarly, more than 90% believed that simulator can provide a better learning opportunity as
compared to traditional teaching methods. This suggests that simulators can be an effective way
to teach complex system dynamics principles to the general public.
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Another key takeaway is that experiments were successful in improving the participants'
recognition of need for policy actions across all the groups. For example, consider a carbon tax.
The number of people who strongly believe that carbon tax is needed increased from 22% to
49% for 'report only' group, 23% to 56% for 'simulator only' group, 25% to 35 % for 'simulator
+ report' group. All these changes were statistically significant (report only - x 2= 10.1, p

<

0.002; simulator only x 2 = 12.14, p < 0.001; simulator + report x2= 3.48, p=0.05) with the
simulator case providing the strongest evidence of statistical difference.

Further, when put into the shoes of the 'car czar', the participants were also able to identify the
appropriate platform specific policy levers needed to improve the sales. As discussed in Section
6, the pretest and posttest results analysis of the answers demonstrates that the groups which used
simulator (treatment 1 and 2) developed at least similar and in some cases better understanding
of the AFV market dynamics. For the HEV case, the impact of this better understanding was
more evident where participants were able to choose better policy levers, consistent with our
hypothesis that the interactive nature of the simulator enables improved learning outcomes.
Though there were indications of the improved learning in PHEV and BEV cases as well, they
were not statistically significant. I believe that this is due to design limitation on the survey
sample size which was decided based on assumed 'medium effect' impact which made it
difficult to isolate minor and subtle effects.

In summary, the results suggest that the experimentation and the rapid feedback provided by the
simulator fostered effective learning and improved decision-making of the participants. These
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results also imply that the researchers of the system dynamics field can profitably use MTurk, as
long as they take care in the MTurk sampling process. I hope this interaction of general
population with system dynamics principles will open new doors of advancing the system
dynamics principles and increasing the awareness of stock-feedback loop structure. A change in
attitude towards alternative fuel vehicles is an important step towards support for promotion
policies. The effort to reduce greenhouse gas (GHG) emissions is not only a technical challenge:
it requires a change in behavior of billions of human beings. The lack of intuitive understanding
of the dynamic structure of climate change can have important consequences on building support
for mitigation policies in the public opinion (Sterman et. al, 2007). Applying the same principles,
if people are able to understand the advantages of AFVs and develop intuitive understanding of
the policy levers, they will be willing to generate the political support to implement them.

For further research, I would recommend running this experiment with about 400 participants in
each group to capture even the subtle improvements. I would also recommend putting an upper
time limit for the HIT to limit participant's time. While I do not believe that the different times
participants took with the HIT explain the effects observed, this effect should be further
investigated.
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AMAZON MTURK HIT DESCRIPTION
This HIT is part of a MIT scientific research project. Your decision to complete this HIT is
voluntary. There is no way for us to identify you. The only information we will have, in addition
to your responses, is the time at which you completed the survey. The results of the researchmay
be presented at scientific meetings or published in scientific journals. Clicking on the 'SUBMIT'
button on the bottom of this page indicates that you are at least 18 years of age and agree to
complete this HIT voluntarily.

Time required
-

15-20 minutes for the pre-survey portion

-

30-35 minutes for going through the document and working with the simulator

-

10-15 minutes for final survey

Compensation: You will receive 5$ through Amazon Mechanical Turk for your participation in
this study.

Right to Voluntary Participation: Your participation is completely voluntary, and you may
withdraw your consent to participate at any time without penalty.

Questions: Please contact Shishir Tiwari at shishirt@mit.edu for any questions.

By clicking Next, you are acknowledging that you have read the above information and are
agreeing to voluntarily participate in the study.
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This survey consists of three parts:

Part 1: Participate in a survey link given in the HIT in which we ask general information about
you, your preference and your opinion on alternative fuel vehicle market.

Part 2: Going through the document which you can download from the link displayed at the end
of Survey 1 above and working on the simulator referenced in the report to develop your
understanding.

Part 3: ONLY after completing part 2, participate in another survey whose link in given on the
last page of the document. HIT will be rejected if you try to complete part 3 without doing part 2
and we will know that very easily.

You may only complete this HIT once. It's important that you do this HIT as requested. We
have placed a time requirement on this HIT. Completing the HIT in too little or way too much
time will indicate that you have not completed the HIT thoroughly or thoughtfully and your HIT
will be rejected. Once you start the HIT, please eliminate distractions.
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ALTERNATIVE FUEL VEHICLE (AFV) MARKET SIMUATOR - PRE
SURVEY
This HIT is part of a MIT scientific research project. Your decision to complete this HIT is
voluntary. There is no way for us to identify you. The only information we will have, in addition
to your responses, is the time at which you completed the survey. The results of the research may
be presented at scientific meetings or published in scientific journals. Clicking on the 'SUBMIT'
button on the bottom of this page indicates that you are at least 18 years of age and agree to
complete this HIT voluntarily.
Please provide MTurk ID:
Please tell us about yourself:
Age: 18 - 25
26-35
Gender: Male

Do you own a car? Yes

36-45

46-55

55+

Female

No

If you answered yes:
Make (e.g. GM)

Model (e.g. Camry)

Year

Estimated Fuel Economy (miles per gallon)
How far do you drive each day (miles)?
What was the price per gallon the last time you purchased fuel:

What price per gallon do you consider acceptable:
What price per gallon do you consider expensive:

What do you believe the price per gallon will be in 1 years' time:

How much of a threat do you think climate change is to humanity?

o

None; I do not believe in climate change
O Minor; I think that climate change will cause some inconvenience but we will be able to
avoid major disruptions in our lifestyles
o Major; I think that climate change will cause major and costly disruptions for humanity
o Catastrophic; I think that climate change is the largest threat ever faced by humanity and will
result in catastrophic changes in lifestyle for generations to come
0 Uncertain; I do not know whether global climate change is really a threat to humanity
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How important do you feel it is for the United States to reduce greenhouse gas emissions
from automotive transportation?
O Extremely important
O Very important
o Moderately important
O Slightly important
O Not at all important
How familiar are you with the following vehicle types?

Gasoline vehicle

0

0

0

0

0

Hybrid electric vehicle
(HEV)
Plug-in hybrid electric
vehicle (PHEV)
Battery electric vehicle
(BEV)
Hydrogen fuel cell
vehicle (HFCV)

How likely are you to consider purchasing the following vehicle types for your next vehicle
purchase?

Gasoline vehicle

OOOO

Hybrid electric vehicle
(HEV)

Plug-in hybrid electric
vehicle (PHEV)

Battery electric vehicle
(BEV)

Hydrogen fuel cell
vehicle (HFCV)

I
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To what extent do you agree with the following statements about AFVs (including HEVs,
PHEVs, BEVs and HFCVs):

AFVs account for a significant
fraction of new vehicle sales in
the United States today
Government policy interventions
are needed to build a viable
market for AFVs
Introducing a price on greenhouse
gas emissions (e.g. a carbon tax)
will accelerate consumer adoption
of alternative fuel vehicles

0

0

0

0

0

0

0

0

00

0

0

00

0

0

0

0

0

00

0

0

(AFVs)

One government policy will have
the same impact on all AFV
platforms (HEV, PHEV, BEV)

The cost of new technologies such
as EV batteries and hydrogen fuel
cells is a key influence on
consumer adoption of AFVs
The price of oil is a key influence
on consumer adoption of AFVs
A widespread transition away
from gasoline vehicles is likely by
2030
A widespread transition away
from gasoline vehicles is likely by
2050

0

0

0

0

0

0

0

0

0

0
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Assume that you are the 'car czar', the top US government official charged with promoting
alternative fuel vehicles. You have a significant budget to spend promoting Hybrid Electric
vehicles (HEVs). Which of the following options is closest to the strategy you would pursue?
O Option
o Option
O Option
o Option
O Option
O Option
O Option

A: Spend all the money offering tax incentives to reduce the purchase price of HEVs
B: Spend all the money advertising HEVs to increase consumer awareness
C: Spend all the money building electric vehicle charging infrastructure
D: Spend the money on Options A and B equally
E: Spend the money on Options A and C equally
F: Spend the money on Options B and C equally
G: Spend the money on Options A, B and C equally

Briefly explain your reasoning:

Assume that you are the 'car czar' and you have a significant budget to spend promoting
Plug-In Hybrid Electric vehicles (PHEVs). Which of the following options is closest to the
strategy you would pursue?
o Option A: Spend all the money offering tax incentives to reduce the purchase price of
PHEVs
o Option B: Spend all the money advertising PHEVs to increase consumer awareness
o Option C: Spend all the money building electric vehicle charging infrastructure
o Option D: Spend the money on Options A and B equally
o Option E: Spend the money on Options A and C equally
0 Option F: Spend the money on Options B and C equally
O Option G: Spend the money on Options A, B and C equally
Briefly explain your reasoning:
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Assume that you are the 'car czar' and you have a significant budget to spend promoting
Battery Electric vehicles (BEVs). Which of the following options is closest to the strategy you
would pursue?
O Option A: Spend all the money offering tax incentives to reduce the purchase price of BEVs
O Option B: Spend all the money advertising BEVs to increase consumer awareness
O Option C: Spend all the money building electric vehicle charging infrastructure
O Option D: Spend the money on Options A and B equally
O Option E: Spend the money on Options A and C equally
O Option F: Spend the money on Options B and C equally
O Option G: Spend the money on Options A, B and C equally
Briefly explain your reasoning:
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ALTERNATIVE FUEL VEHICLE (AFV) MARKET SIMULATOR - POST SURVEY
Having completed the exercise, we request that you complete the following survey. Your
decision to complete this survey is voluntary. Anonymized results of this survey may be
presented at scientific meetings or published in scientific journals. Submitting the results of this
survey indicates that you are at least 18 years of age and agree to complete this survey
voluntarily.
Please provide your name:
Please provide your email ID:
Please provide the name of your partner:
Please provide the email ID of your partner:

Please tell us about yourself:
Age: 18 - 25
26-35
Gender: Male
Do you own a car? Yes

36-45

46-55

55+

Female
No

If you answered yes:
Make (e.g. GM)

Model (e.g. Camry)

Year

Estimated Fuel Economy (miles per gallon)
How far do you drive each day (miles)?
What was the price per gallon the last time you purchased fuel:
What price per gallon do you consider acceptable:
What price per gallon do you consider expensive:
What do you believe the price per gallon will be in 1 years' time:

How much of a threat do you think climate change is to humanity?
O None; I do not believe in climate change
o Minor; I think that climate change will cause some inconvenience but we will be able to
avoid major disruptions in our lifestyles
O Major; I think that climate change will cause major and costly disruptions for humanity
O Catastrophic; I think that climate change is the largest threat ever faced by humanity and will
result in catastrophic changes in lifestyle for generations to come
0 Uncertain; I do not know whether global climate change is really a threat to humanity
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How important do you feel it is for the United States to reduce greenhouse gas emissions
from automotive transportation?

o
o
o
o
o

Extremely important
Very important
Moderately important
Slightly important
Not at all important

How familiar are vou with the followinpi vehicle tvne.9

Gasoline vehicle

0

0

Hybrid electric vehicle

0

0

0

0

0

(HEV)

Plug-in hybrid electric
vehicle (PHEV)

o

Battery electric vehicle

0

(BEV)

Hydrogen fuel cell
vehicle (HFCV)
How likely are you to consider purchasing the following vehicle types for your next vehicle
,urchase?

Gasoline vehicle

Hybrid electric vehicle
(HEV)

Plug-in hybrid electric
vehicle (PHEV)

0

0

0

0

0

o

o

o

o

0

0

Battery electric vehicle
(BEV)
Hydrogen fuel cell
vehicle (HFCV)

80

To what extent do you agree with the following statements about AFVs (including HEVs,
PHEVs. BEVs and HFCVs):

AFVs account for a significant
fraction of new vehicle sales in
the United States today

0

0

0

0

0

Government policy interventions
are needed to build a viable
market for AFVs

0

0

0

0

0

Introducing a price on greenhouse
gas emissions (e.g. a carbon tax)
will accelerate consumer adoption
of alternative fuel vehicles

0

0

0

0

0

(AFVs)

One government policy will have
the same impact on all AFV

0

0

0

A widespread transition away
from gasoline vehicles is likely by
2030

0

0

0

A widespread transition away
from gasoline vehicles is likely by
2050

0

0

0

0

0

platforms (HEV, PHEV, BEV)

The cost of new technologies such
as EV batteries and hydrogen fuel
cells is a key influence on
consumer adoption of AFVs
The price of oil is a key influence
on consumer adoption of AFVs
0

0

0
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Assume that you are the 'car czar', the top US government official charged with promoting
alternative fuel vehicles. You have a significant budget to spend promoting Hybrid Electric
vehicles (HEVs). Which of the following options is closest to the strategy you would pursue?
o Option A: Spend all the money offering tax incentives to reduce the purchase price of HEVs
o Option B: Spend all the money advertising HEVs to increase consumer awareness
o Option C: Spend all the money building electric vehicle charging infrastructure
O Option D: Spend the money on Options A and B equally
O Option E: Spend the money on Options A and C equally
o Option F: Spend the money on Options B and C equally
o Option G: Spend the money on Options A, B and C equally
Briefly explain your reasoning:

Assume that you are the 'car czar' and you have a significant budget to spend promoting
Plug-In Hybrid Electric vehicles (PHEVs). Which of the following options is closest to the
strategy you would pursue?
O Option A: Spend all the money offering tax incentives to reduce the purchase price of
PHEVs
O Option B: Spend all the money advertising PHEVs to increase consumer awareness
O Option C: Spend all the money building electric vehicle charging infrastructure
o Option D: Spend the money on Options A and B equally
O Option E: Spend the money on Options A and C equally
O Option F: Spend the money on Options B and C equally
O Option G: Spend the money on Options A, B and C equally
Briefly explain your reasoning:
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Assume that you are the 'car czar' and you have a significant budget to spend promoting
Battery Electric vehicles (BEVs). Which of the following options is closest to the strategy you
would pursue?
o Option A: Spend all the money offering tax incentives to reduce the purchase price of BEVs
o Option B: Spend all the money advertising BEVs to increase consumer awareness
o Option C: Spend all the money building electric vehicle charging infrastructure
o Option D: Spend the money on Options A and B equally
o Option E: Spend the money on Options A and C equally
o Option F: Spend the money on Options B and C equally
o Option G: Spend the money on Options A, B and C equally
Briefly explain your reasoning:

Please answer the following:

This simulator enabled you to develop an
understanding the AFV market dynamics

The simulator can provide a better
learning opportunity than the traditional
reports, PowerPoint presentation

C

Please provide any feedback you have regarding the simulator here:
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Analysis of Policy Opions to Accelerate

Alternative Fuel Vehicle Adoption in the United States
Report Treatment
Introduction
While the need to reduce greenhouse gas emissions and urban air pollution resulting from
automotive transportation is generally accepted, repeated efforts to introduce alternative fuel
vehicles (AFVs) have had little success. AFVs offer the potential to reduce vehicle operating
costs and greenhouse gas emissions by improving vehicle fuel economy and/or running on fuels
with lower carbon content. However, multiple barriers to AFV diffusion exist today, including
low consumer acceptance, high vehicle costs and a lack of refueling infrastructure.
In the following report we present the results of a model that simulates how public policy
measures and strategic decisions by automakers may influence consumer adoption of AFVs in
the United States. First, we describe the structure and parameterization of the model. Second, we
introduce a range of policy and strategy measures available in the alternative fuel vehicle market,
focusing on promotion of hybrid and electric vehicles. Finally, we present the results of five
scenarios that explore the influence different policy measures on the diffusion of AFVs.
Model Overview
Driving The Future is a model that simulates the vehicle technology choices that
consumers make over time in response to factors such as their awareness of vehicle technologies,
vehicle purchase prices, and operating costs, and the consequential impacts for automotive
energy consumption and environmental impacts.
The vehicle fleet, the stock of vehicles on the road, accumulates new vehicle sales less
vehicle retirements due to old age and crashes (Figure 1). Consumers choose which platform
they will purchase based on: (i) the utility of each platform, and (ii) their familiarity with that
platform, which builds with social exposure from advertising and word-of-mouth (Ri). The
utility of each platform depends on its attributes, such as purchase price, operating cost and
refueling convenience, which evolve in the presence of feedbacks including learning-by-doing
and R&D investment by producers that lead to cost reductions (R2), and the coevolution of
refueling infrastructure with fuel demand (R3).
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Figure 1: Model Structure

Vehicle Market
The model begins in 2000 when hybrid vehicles were first introduced in the US,
simulating the US automotive market through to 2050. Prior to 2015, the model behavior reflects
historic market data for key variables including vehicles sales and fuel prices. The model then
simulates the market forward.
The model represents the 8 main vehicle powertrains (platforms) that are available in
some form to US car buyers today:
* Gasoline (GAS): Conventional internal-combustion engine vehicles that run on gasoline;
* Hybrid Electric (HEV): Combine a conventional gasoline internal-combustion engine with
an electricity motor powered by electricity recovered through regenerative braking to
improve the efficiency of gasoline use.
-

Plug-In Hybrid Electric (PHEV): Similar to HEVs, except that PHEVs have a larger
battery that provides a limited range of fully electric driving, and which can be plugged in to
recharge the battery.

-

Battery Electric (BEV): Fully electric vehicles that are propelled by an electric motor, with
a larger battery that can only be recharged by plugging the vehicle in.
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e

Diesel (DIESEL): An internal combustion engine vehicle, similar to a conventional gasoline
vehicle, that has been modified to run on diesel.

e

Biofuel (BIO): An internal combustion engine vehicle, similar to a conventional
gasoline
vehicle, that has been modified to run on ethanol biofuel.

-

Natural Gas (NGV): An internal combustion engine vehicle, similar to a conventional
gasoline vehicle, that has been modified to run on compressed natural gas.

e

Hydrogen Fuel Cell (HFCV): Similar to a BEV in that the vehicle is propelled
by an
electric motor, except that the vehicle is refueled with compressed hydrogen, which is
converted to electricity on-board the vehicle by a hydrogen fuel cell.

The model represents 6 types of vehicle fuels to power these vehicles, with vehicle-fuel
compatibility shown in brackets: gasoline (GAS, HEV and PHEV), electricity (PHEV and BEV),
diesel (DIESEL), ethanol (BIO), compressed natural gas (NGV), and compressed hydrogen
(HFCV).

Introduction to Scenario Analysis
In the following scenario analysis, we describe 5 scenarios that explore that impact of a
range of policy and strategy measures on the diffusion of AFVs, including tax incentives for
vehicle adoption, marketing spending by automakers, a carbon tax that places a price on
greenhouse gas emissions, and the construction of recharging infrastructure. The scenarios we
describe here focus on promoting sale of hybrid and electric vehicles (HEVs, PHEVs and BEVs).
For each scenario we present graphs for 4 key variables:
-

Sales: The market share (%) of new vehicle sales attained by each vehicle platform;

e

Consumer Acceptance: The percentage of consumers that consider each vehicle platform
in
their vehicle purchase decision;

e

Refueling Infrastructure: The number of publicly available refueling pumps that
exist for
each vehicle fuel (e.g. gasoline pumps for gasoline vehicles, recharging points for electric
vehicles); and

*

Greenhouse Gas Emissions: Total greenhouse gas emissions per year (tonnes CO / year)
2
emitted by the US vehicle fleet, disaggregated by fuel type.

You can use these graphs to understand how the policies and strategies implemented in
each scenario influence the patterns of behavior observed across the different scenarios.
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Scenario 1: Baseline Scenario
In the baseline scenario, you see the results for a counterfactual scenario without any policy
interventions for any vehicle platforms (such as tax incentives, additional marketing spending or
charging infrastructure development) to understand the reference behavior of the model.
Decision Settings: All policy and strategy decisions set their default values (zero).
The results for Scenario I are shown below:
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Sales of HEVs follow an S-shaped growth pattern, with increasing consumer acceptance due to
word-of-mouth and cost reductions with learning-by-doing. Consequently, HEVs account for
more than 50% of new vehicle sales by 2045. All other AFV platforms have negligible sales in
this scenario due to high purchase prices, low consumer acceptance and a lack of compatible
refueling infrastructure. Greenhouse gas emissions fall over time due to the diffusion of fuelefficient HEVs into the fleet and the improving fuel-efficiency of conventional gasoline vehicles.
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Scenario 2: Vehicle Purchase Incentives for PHEVs and BEVs
Scenario 2 builds on Scenario 1, introducing tax incentives intended to accelerate consumer
adoption of plug-in electric vehicles (PHEVs) and battery electric vehicles (BEVs). Here, we
introduce a tax incentive of $4,000/vehicle for the purchase of a PHEV, and $7,500/vehicle for
the purchase of a BEV, which reduces the effective purchase price of each platform.
J!i

Decision Settings: We maintain same decision settings as Scenario 1 (default settings), and
introduce Tax Incentives per Vehicle of $4,000 for PHEVs and $7,500 for BEVs.
The results for Scenario 2 are shown below:
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The results you should observe here are not noticeably different from Scenario 1. Consumer
adoption of platforms other than GAS and HEV remain at very low levels, even with
the
introduction incentives to offset high vehicle prices, because consumer acceptance of AFV
platforms including PHEVs and BEVs remains low.
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Scenario 3: Vehicle Purchase Incentives and Marketing
Scenario 3 builds on Scenario 2, adding a marketing campaign to build consumer awareness of
alternative fuel vehicles in addition to the purchase incentives applied in Scenario 2. Here we
introduce $250 million per year in advertising spending for each of the PHEV and BEV
platforms, in addition to the standard 2% of platform revenues that automakers spend advertising
all their platforms.
+

Decision Settings: We build on same decision settings as in Scenario 2 (default settings
vehicle purchase incentives) and introduce Additional Marketing per Year of $250 million/year
for PHEVs and $250 million/year for BEVs.
The results for Scenario 3 are shown below:
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You should now see that sales of PHEVs grow to approximately 20% of new vehicle sales by
2050, due to growing consumer acceptance resulting from increased marketing. The greater
competitiveness of PHEVs in this scenario causes a faster transition away from GAS vehicles,
with HEVs becoming the dominant platform by 2050. Sales of BEVs are still negligible in this
scenario, impeded by the lack of recharging infrastructure for fully electric BEVs.
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Scenario 4: Vehicle Purchase
Infrastructure Development

Incentives,

Marketing and Recharging

In this scenario, we build on scenario 3, adding a program of recharging infrastructure
development to ensure that a minimum viable network of charge points exists for electric vehicle
drivers. We introduce a government program responsible for constructing 2000 charge points per
year until 2050. We also introduce an infrastructure tax credit of $500/pump (for EVs, per
charge point) to provide additional incentives for private infrastructure providers to build
publicly accessible charge points. These charge points are assumed compatible with all PHEVs
and BEVs.
Decision Settings: Building on the same decision settings as in Scenario 3, and adding: 1)
Fueling Infrastructure Introduction of 2000 charge points per year; and 2) Tax Incentives of
$500/pump (charge point).
The results for Scenario 4 are shown below:
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You should now see BEVs gain significant market share over time, aided by the formation of a
commercially viable market for charging infrastructure with growing demand for EV charging.
Both PHEVs and BEVs become increasingly attractive with the growing the availability of
recharging infrastructure, with PHEVs taking market share from HEVs shortly after 2025. A
larger reduction in GHG emissions is achieved due to the higher efficiency of electric vehicles,
even assuming electricity is sourced from the US grid mix of electric generation sources.
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Scenario 5: Introduction of a Carbon Tax
Finally, in Scenario 5 we build on Scenario 4, also introducing a carbon tax that increases the
cost of all fuels in proportion with the fuel's carbon content. Here we introduce the carbon tax in
year 2015, rising to $250/tonne CO 2 by 2030.
Decision Settings: We maintain the same settings as in Scenario 4, and introduce a carbon tax in
2015, ramping in linearly from $0 to $250/tonne CO 2 by 2030 (the price will remain constant
thereafter).
The results for Scenario 5 are shown below:
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You should see here that the introduction of the carbon tax accelerates the transition away from
the least efficient Gasoline and HEV platforms. PHEV sales rise rapidly from 2020 as the
carbon tax ramps up, followed by BEV sales, with these electric vehicle platforms accounting for
approximately 80% of new vehicle sales after 2035. The carbon tax increases the price of the
gasoline leading to increased consumer acceptance of AFV platforms and similar behavior is
expected if the price of the fuel increases naturally as well (it is expected that the non-renewable
energy prices will increase in future as their availability becomes limited).
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Further Action
ONLY after you have gone through the report carefully, we ask you to click the link below for
the final survey.

https://survey.qualtrics.com/SE/?SID=SV

a9kIpWI8U2X9tIN

IMPORTANT: Please make sure that you have read the report carefully before starting this
survey. Surveys completed too quickly, incoherent answers and incorrect answering of any of the
validation questions are all grounds for HIT rejection. You may also find it helpful to keep the
report open in another window so that you can refer back, if needed.
After you are done with this survey, please enter the validation code appearing in the end in
MTurk to get paid. We will verify your responses and approve the payment as soon as we can.
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Analysis of Policy Options to Accelerate
Alternative Fuel Vehicle Adoption in the United States
Simulator Only Treatment
Introduction
While the need to reduce greenhouse gas emissions and urban air pollution resulting from
automotive transportation is generally accepted, repeated efforts to introduce alternative fuel
vehicles (AFVs) have had little success. AFVs offer the potential to reduce vehicle operating
costs and greenhouse gas emissions by improving vehicle fuel economy and/or running on fuels
with lower carbon content. However, multiple barriers to AFV diffusion exist today, including
low consumer acceptance, high vehicle costs and a lack of refueling infrastructure.
In this HIT, you will simulate how public policy measures and strategic decisions by
automakers may influence consumer adoption of AFVs in United States. In the following pages,
we first describe the structure and parameterization of the model. Second, we describe different
policy and strategy measures available in the alternative fuel vehicle market and show you how
to simulate them via some screen shots of the model so that you can introduce a range of policy
and strategy measures. You will then analyze five scenarios that explore the influence of
different policy measures on the diffusion of AFVs.

Model Overview
Driving The Future is a model that simulates the vehicle technology choices that
consumers make over time in response to factors such as their awareness of vehicle technologies,
vehicle purchase prices, and operating costs, and the consequential impacts for automotive
energy consumption and environmental impacts.
The vehicle fleet, the stock of vehicles on the road, accumulates new vehicle sales less
vehicle retirements due to old age and crashes (Figure 1). Consumers choose which platform
they will purchase based on: (i) the utility of each platform, and (ii) their familiarity with that
platform, which builds with social exposure from advertising and word-of-mouth (RI). The
utility of each platform depends on its attributes, such as purchase price, operating cost and
refueling convenience, which evolve in the presence of feedbacks including learning-by-doing
and R&D investment by producers that lead to cost reductions (R2), and the coevolution of
refueling infrastructure with fuel demand (R3).
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Figure 1: Model Structure

Vehicle Market
The model begins in 2000 when hybrid vehicles were first introduced in the US,
simulating the US automotive market through to 2050. Prior to 2015, the model behavior reflects
historic market data for key variables including vehicles sales and fuel prices. The model then
simulates the market forward.
The model represents the 8 main vehicle powertrains (platforms) that are available in
some form to US car buyers today:
* Gasoline (GAS): Conventional internal-combustion engine vehicles that run on gasoline;
* Hybrid Electric (HEV): Combine a conventional gasoline internal-combustion engine with
an electricity motor powered by electricity recovered through regenerative braking to
improve the efficiency of gasoline use.
*

Plug-In Hybrid Electric (PHEV): Similar to HEVs, except that PHEVs have a larger
battery that provides a limited range of fully electric driving, and which can be plugged in to
recharge the battery.

" Battery Electric (BEV): Fully electric vehicles that are propelled by an electric motor, with
a larger battery that can only be recharged by plugging the vehicle in.
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e

Diesel (DIESEL): An internal combustion engine vehicle, similar to a conventional gasoline
vehicle, that has been modified to run on diesel.

*

Biofuel (BIO): An internal combustion engine vehicle, similar to a conventional gasoline
vehicle, that has been modified to run on ethanol biofuel.

e

Natural Gas (NGV): An internal combustion engine vehicle, similar to a conventional
gasoline vehicle, that has been modified to run on compressed natural gas.

-

Hydrogen Fuel Cell (HFCV): Similar to a BEV in that the vehicle is propelled by an
electric motor, except that the vehicle is refueled with compressed hydrogen, which is
converted to electricity on-board the vehicle by a hydrogen fuel cell.

The model represents 6 types of vehicle fuels to power these vehicles, with vehicle-fuel
compatibility shown in brackets: gasoline (GAS, HEV and PHEV), electricity (PHEV and BEV),
diesel (DIESEL), ethanol (BIO), compressed natural gas (NGV), and compressed hydrogen
(HFCV).
Introduction to Scenario Analysis
In the following scenario analysis, you will simulate 5 scenarios that explore that impact
of a range of policy and strategy measures on the diffusion of AFVs, including tax incentives for
vehicle adoption, marketing spending by automakers, a carbon tax that places a price on
greenhouse gas emissions, and the construction of recharging infrastructure. The scenarios you
will explore focus on promoting sale of hybrid and electric vehicles (HEVs, PHEVs and BEVs).
For each scenario look for the graphs for following 4 key variables:
e
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the most important graph to understand);
Consumer Acceptance: The percentage of consumers that consider each vehicle platform in
their vehicle purchase decision;
Refueling Infrastructure: The number of publicly available refueling pumps that exist for
each vehicle fuel (e.g. gasoline pumps for gasoline vehicles, recharging points for electric
vehicles); and
Greenhouse Gas Emissions: Total greenhouse gas emissions per year (tonnes CO 2 / year)
emitted by the US vehicle fleet, disaggregated by fuel type.
You will learn how to run the simulator below and generate these graphs for yourself
You can use these graphs to understand how the policies and strategies implemented in each
scenario influence the patterns of behavior observed across the different scenarios.
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How to Run the Simulator
Step 1: Open the simulator at: https://forio.com/app/mit/afv
Step 2: Click Play as an Individual and click the green Start the Simulation button:

S

ving

the Future: Alternative Fuel Vehicle Market Simulator

2n-

Step 3: Read the Introduction and click the Proceed button:
Driving the Future: Alternative Fuel Vehicle Market Simulator
Introduction
Sumuiated by high fuel pinces, energy security concerns ind cimate charge. automobile companies and goVeiriments ae developing
to conventional vehicles powered by
But what will power
Alternative Fuel Vehicle (AFV) the
Re? Electrcry?
Hydrogen? Natural Gas? Broruel? Something else?

akternatives

fossil fuels.

Driving the Future is a web-based

simulation

the

inwhich participants play the r oie of cat czar'

of

tUt

designing and testing policies

to promote AFVs for

the USauto market. You (an introduce environmental poicies, offer incentives for the purchase o'alternatve fuel vehicles and
exlore the impact o' different future energy price scenarios on vehcocehoice, energy use, g.eenhouse gas emissions and frrn perormance.

their fuel,

and

Step 4: Read the Instructions and click the Begin button:
Driving the Future: Alternative Fuel Vehicle Market Simulator
Instructions
The sirrulation starts in year 201S. As the car czar', you make decisions about the vehicle technologies available to consumers and the mix of
policies affecting buyers, drivers, fuel providers and auto companies. Advance the simulation year by year, reviewing your decisions as you
pursue your goals.
Note: This version is a prototype subject to revision. it is provided for demonstration purposes and to solicit feedback and suggestions for
The results of the simulations are preliminary and depend on parameters and assumptions that are subect to review and
improvement: the results are riot intended as forecasts. Please contact us (see below) with comments and suggestions.

improvement.
Contact
- with any

Driving the Future is developed by David Keith, Sergey NaimoV andjohn Sterian. Please email
questions or feedback.

us at ::

,

r

r
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Step 5: Press the Start button. Do not vary the default Scenario Assumptions:
0 https forio.com
Scenario Assumptions

Vehicle Platforms

When will each vehicle platform be available to new vehicle buyers?

I% change

Platform

Year Introduced

Energy Prices

How much will energy prices change by the year 2050?

in real pr~ce relative to today's price)

Gasoline and Diesel

0%

2000

cle
Hybrid Electric Vehice

Electricity

0%

PHEv

2010

Plug-in Hybrid Electrc Vehicle

CNG

0%

BEV

2010

Battery Electric Vehicle

How quickly will the cost of emerging fuels improve?

i
Diesel

1930

Diesel Vehicie

Ieiufuel

2010

Erufuel Velocle

Set the st1ength of the learnig curves for
a10% leaving curve means the cost per gallon of gasone equivalent
example.
falls 0% with each doubling of cumulative producton experience fo, that fuel
Ef2
-c n21
Biofue! P, ce In2015
s 234
!ge

NGV

2010

Natural Gas Vehicle

HFCV

2015

Hydrogen Fuel Cell Vehicle

Gas

1900

HEV

Gasoline Veh

biofuel and hydrogen

Binfuei Learning Cuive

(H2. For

U

Strength

How quickly will the efficiency of new vehicles improve?
Set the st-ength of the learning curve for fuel efficiency improvement. For
example. a 10;c learning curve means the fuel efficiency of vehic;e technologres
Im proves l0qb with each doubling of cumulative R&D investment in fue
economy.
Fcel Efficiency Learning
0
%
cuive

13
Ic

Hydrogen Price in 2015
Hydrogen Learning Curve
Strength

kg
I

Str'engt

You have reached the Dashboard, the main screen in the simulator. Familiarize yourself
with the layout of the Dashboard. The top half of the screen shows graphs for key variables,
which can be clicked to enlarge and show supporting information.

In the lower-center of the

screen is the legend for the graphs. In the lower-right of the screen are the controls that you will
use to run the simulator.
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How to Set Policy and Strategy Decisions

To set policy and strategy decisions for each scenario, scroll down below the Legend or
click the

Policies
" button

on the menu in the top-right corner of the Dashboard. Here you will see

three tabs for the various types of policy and strategy decisions you can make in the simulator.
To introduce a policy or strategy, slide the relevant slider(s) to select the value, or enter the
desired value in the box to the right of the slider. Any plausible value can be entered into this
box.
For example, the figure below shows the implementation of a suite of decisions including
Tax Incentives for Vehicles ($4,000/vehicle for PHEVs and $7,500/vehicle for BEVs), Tax
Incentives for Charge Points ($500/plug) and the additional construction of 500 new Charge
Points per year.
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Similarly, you can select taxes and enter the carbon tax. For example, the figure shows the
addition of carbon tax of 250$ by year 2030.
Select Taxes

4

L Governmert incentives

Taxes

A Auto OEM Strategies
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For example, for carbon tax of 250$ by 2030, values will look like below
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You can also set auto OEM strategies by selecting "Auto OEM Strategies". For example, figure
below shows additional marketing spend of 250 million$/year for PHEV and BEV.
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For example, for a policy of OEM spending 250 m$ in marketing for
PH EV and BEV, the policy will look like below
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You can mix and match different policies from above and run different scenarios separately.
RESET before running next scenario.
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How to Run the Simulator

Once you have set the decision settings needed for the scenario of interest, click Step to the End
to simulate through 2050.
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How to View Results

You should now see the results of your scenario through 2050 displayed in the graphs on
the Dashboard. Clicking on any one of those graphs will show an enlarged graph and supporting
information. For example, clicking on the New Vehicle Sales graph will both a larger version of
the same New Vehicle Sales graph on the left, and the changing composition of the Installed
Base on the right. Moving your cursor over the graphs will reveal the values of each data series
over time.
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How to Begin Your Next Scenario
To start your next scenario, we request you to RESET your decisions before analyzing the next
scenario. Click the button shown below and select "Reset (clear decisions)". You will have to
enter the policies again but RESET is the best method to ensure that you start from same base
every time (DON'T USE RESTART).

..

licking thiswi

m

Click this for
rosetting
decisions

i puli up

options
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Instructions
In this exercise you will play the role of 'car czar', using the Driving the Future management
flight simulator to explore how public policy measures and strategic decisions by automakers
may influence consumer adoption of alternative fuel vehicles (AFVs) in the United States.
You will explore the diffusion of AFVs for five different scenarios that vary in the mix of
policies and strategies applied. For each scenario, please do the following:
1. Adjust the policy and strategy decisions to the levels indicated below.
2. Select Step to the End to simulate the model through year 2050. You may find it helpful to
simulate each scenario multiple times, or vary the level of settings, to develop your
understanding.
3. At the end of each scenario, think carefully about why the policy and strategy settings in the
scenario lead to the patterns of behavior observed, and why the behaviors observed may
differ between scenarios.
To start your next scenario, choose Reset, which will reset all the decisions and you can enter
your new policies again.
Drivers, start your engines.
IN ADDITION TO THE SCENARIOS MENTIONED IN THE FORTHCOMING PAGES,
WE ALSO ENCOURAGE YOU TO PLAY WITH THE SIMULATOR AND TRY OUT
YOUR SCENARIOS TO DEVELOP YOUR UNDERSTANDING
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Scenario 1: Baseline Scenario
In the baseline scenario, you will simulate a counterfactual scenario without any policy
interventions for any vehicle platforms (such as tax incentives, additional marketing spending or
charging infrastructure development) to understand the reference behavior of the model.
Decision Settings: Hit RESET. For Scenario 1, leave all policy and strategy decisions at their
default values (click Reset to restore default values if needed). Select "Step to the End" to
simulate through 2050.

Scenario 2: Vehicle Purchase Incentives for PHEVs and BEVs
In Scenario 2 you will build on Scenario 1, introducing tax incentives intended to accelerate
consumer adoption of plug-in electric vehicles (PHEVs) and battery electric vehicles (BEVs).
You will introduce a tax incentive of $4,000/vehicle for the purchase of a PHEV, and
$7,500/vehicle for the purchase of a BEV, which reduces the effective purchase price of each
platform.
Decision Settings: Hit RESET. Maintain the same decision settings as Scenario 1 (default
settings), and introduce Tax Incentives per Vehicle of $4,000 for PHEVs and $7,500 for BEVs.
Select "Step to the End" to simulate through 2050.

Scenario 3: Vehicle Purchase Incentives and Marketing
In Scenario 3 you will build on Scenario 2, adding a marketing campaign to build consumer
awareness of alternative fuel vehicles in addition to the purchase incentives applied in Scenario
2. Here you will introduce $250 million per year in advertising spending for each of the PHEV
and BEV platforms.
Decision Settings: Hit RESET. Build on the same decision settings as in Scenario 2 (default
settings + vehicle purchase incentives of $4,000 for PHEVs and $7,500 for BEVs), introduce
Additional Marketing per Year of $250 million/year for PHEVs and $250 million/year for BEVs.
Select "Step to the End" to simulate through 2050.

Scenario 4: Vehicle Purchase
Infrastructure Development

Incentives,

Marketing

and

Recharging

In this scenario, you will build on scenario 3, adding a program of recharging infrastructure
development to ensure that a minimum viable network of charge points exists for electric vehicle
drivers. You will introduce a government program responsible for constructing 2000 charge
points per year until 2050. You will also introduce an infrastructure tax credit of $500/pump (for
EVs, per charge point) to provide additional incentives for private infrastructure providers to
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build publicly accessible charge points. These charge points are assumed to be compatible with
all PHEVs and BEVs.
Decision Settings: Hit RESET. Build on the same decision settings as in Scenario 3 (Tax
incentive of $4,000 for PHEVs and $7,500 for BEVs and marketing 250m for both BEV and
PHEV, and add: 1) Fueling Infrastructure Introduction of 2000 charge points per year; and 2)
Tax Incentives of $500/pump (charge point). Select "Step to the End" to simulate through 2050.
Scenario 5: Introduction of a Carbon Tax
Finally, in Scenario 5 you will build on Scenario 4, also introducing a carbon tax that increases
the cost of all fuels in proportion with the fuel's carbon content. Here you will introduce the
carbon tax in year 2015, rising to $250/tonne CO 2 by 2030.
+

Decision Settings: Hit RESET. Maintain the same settings as in Scenario 4 (Tax incentive
Marketing + Infrastructure), and introduce a carbon tax in 2015, ramping in linearly from $0 to
$250/tonne CO 2 by 2030 (the price will remain constant thereafter). Select "Step to the End" to
simulate through 2050.
Further Action
ONLY after you have developed your understanding of the simulator and the impact of different
policy actions, we ask you to click the link below for the final survey.

https://survey.gualtrics.com/SE/?SID=SV d53oRBHUcuLOW1v
After you are done with this survey, please enter the validation code appearing in the end in
MTurk to get paid. We will verify your responses and approve the payment as soon as we can.
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Analysis of Policy Options to Accelerate
Alternative Fuel Vehicle Adoption in the United States
Report+Simulator Treatment
Introduction
While the need to reduce greenhouse gas emissions and urban air pollution resulting from
automotive transportation is generally accepted, repeated efforts to introduce alternative fuel
vehicles (AFVs) have had little success. AFVs offer the potential to reduce vehicle operating
costs and greenhouse gas emissions by improving vehicle fuel economy and/or running on fuels
with lower carbon content. However, multiple barriers to AFV diffusion exist today, including
low consumer acceptance, high vehicle costs and a lack of refueling infrastructure.
In this HIT, you will simulate how public policy measures and strategic decisions by
automakers may influence consumer adoption of AFVs in United States. In the following pages,
we first describe the structure and parameterization of the model. Second, we describe different
policy and strategy measures available in the alternative fuel vehicle market and show you how
to simulate them via some screen shots of the model so that you can introduce a range of policy
and strategy measures. You will then analyze five scenarios that explore the influence of
different policy measures on the diffusion of AFVs.

Model Overview
Driving The Future is a model that simulates the vehicle technology choices that
consumers make over time in response to factors such as their awareness of vehicle technologies,
vehicle purchase prices, and operating costs, and the consequential impacts for automotive
energy consumption and environmental impacts.
The vehicle fleet, the stock of vehicles on the road, accumulates new vehicle sales less
vehicle retirements due to old age and crashes (Figure 1). Consumers choose which platform
they will purchase based on: (i) the utility of each platform, and (ii) their familiarity with that
platform, which builds with social exposure from advertising and word-of-mouth (RI). The
utility of each platform depends on its attributes, such as purchase price, operating cost and
refueling convenience, which evolve in the presence of feedbacks including learning-by-doing
and R&D investment by producers that lead to cost reductions (R2), and the coevolution of
refueling infrastructure with fuel demand (R3).
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Figure 1: Model Structure

Vehicle Market
The model begins in 2000 when hybrid vehicles were first introduced in the US,
simulating the US automotive market through to 2050. Prior to 2015, the model behavior reflects
historic market data for key variables including vehicles sales and fuel prices. The model then
simulates the market forward.
The model represents the 8 main vehicle powertrains (platforms) that are available in
some form to US car buyers today:
*

Gasoline (GAS): Conventional internal-combustion engine vehicles that run on gasoline;

e

Hybrid Electric (HEV): Combine a conventional gasoline internal-combustion engine with
an electricity motor powered by electricity recovered through regenerative braking to

improve the efficiency of gasoline use.
-

Plug-In Hybrid Electric (PHEV): Similar to HEVs, except that PHEVs have a larger
battery that provides a limited range of fully electric driving, and which can be plugged in to
recharge the battery.

*

Battery Electric (BEV): Fully electric vehicles that are propelled by an electric motor, with
a larger battery that can only be recharged by plugging the vehicle in.

e

Diesel (DIESEL): An internal combustion engine vehicle, similar to a conventional gasoline
vehicle, that has been modified to run on diesel.
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e

Biofuel (BIO): An internal combustion engine vehicle, similar to a conventional gasoline
vehicle, that has been modified to run on ethanol biofuel.

* Natural Gas (NGV): An internal combustion engine vehicle, similar to a conventional
gasoline vehicle, that has been modified to run on compressed natural gas.
* Hydrogen Fuel Cell (HFCV): Similar to a BEV in that the vehicle is propelled by an
electric motor, except that the vehicle is refueled with compressed hydrogen, which is
converted to electricity on-board the vehicle by a hydrogen fuel cell.
The model represents 6 types of vehicle fuels to power these vehicles, with vehicle-fuel
compatibility shown in brackets: gasoline (GAS, HEV and PHEV), electricity (PHEV and BEV),
diesel (DIESEL), ethanol (BIO), compressed natural gas (NGV), and compressed hydrogen
(HFCV).
Introduction to Scenario Analysis
In the following scenario analysis, you will simulate 5 scenarios that explore that impact
of a range of policy and strategy measures on the diffusion of AFVs, including tax incentives for
vehicle adoption, marketing spending by automakers, a carbon tax that places a price on
greenhouse gas emissions, and the construction of recharging infrastructure. The scenarios you
will explore focus on promoting sale of hybrid and electric vehicles (HEVs, PHEVs and BEVs).
For each scenario we present graphs for 4 key variables:
*

Sales: The market share (%) of new vehicle sales attained by each vehicle platform (This is
the most important graph to understand);

" Consumer Acceptance: The percentage of consumers that consider each vehicle platform in
their vehicle purchase decision;
-

Refueling Infrastructure: The number of publicly available refueling pumps that exist for
each vehicle fuel (e.g. gasoline pumps for gasoline vehicles, recharging points for electric
vehicles); and

*

Greenhouse Gas Emissions: Total greenhouse gas emissions per year (tonnes CO 2 / year)
emitted by the US vehicle fleet, disaggregated by fuel type.

You will learn how to run the simulator below and generate these graphs for yourself.
You can use these graphs to understand how the policies and strategies implemented in each
scenario influence the patterns of behavior observed across the different scenarios.
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How to Run the Simulator
Step 1: Open the simulator at: https://forio.com/app/mit/afv

Step 2: Click Play as an Individual and click the green Start the Simulation button:
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Step 3: Read the Introduction and click the Proceed button:
C e -. htrp tori

Step 4: Read the Instructions and click the Begin button:
rhtips forio.com

Driving the Future: Alternative Fuel Vehicle Market Simulator
Instructions
The simulation starts In year 2015. As the car czar , you make decisions about the vehicle technologies available to consumers and the n- x of
policies affecting buyers, drivers, fuel providers and auto companies. Advance the simulation year by year, reviewing your decisions as you
pur sue your goals.
Note: This version is a prototype subject to revision. It is provided for demonstration purposes and to soliat feedback and suggestions for
improvement. The results of the simulations are prelminary and depend on parameters and assumptions that are subject to review and
iroVemert: the results are not intended as forecasts. Please contact LIS (see uelow) with comments and suggestions.
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Step 5: Press the Start button. Do not vary the default Scenario Assumptions:
in lttps

forio.com

Ussumptions

Vehicle Platforms
When will each vehicle platform be available to new vehicle buyers?
Year introduced
Gas

Platform

Gasoline and Diesel 0%

Gasoline Vehicle

1900

Energy Prices

How much will energy prices change by the year 2050?
(% change in real prce relative to today's price)

HEV

2000

Hybrid

Electricity

0%

PHEv

2010

Plug-In Hybrid Electric Vehicle

CNG

0%

BEV

2010

Battery Electric Vehicle

Diesel

1930

D'esel Vehicle

How quickly will the cost of emerging fuels improve?
Set the strength of the learning curves for biofuel and hydrogen (H2). For
example. a 10% learning curve means the cost per gallon of gasoline equivalent
falls 0% with each doibling of cumulative production experience for that fuel

Elecric Vehicle

Brofuel Vehicle

Biofuei 2010

Biofuel

NGV
HFCv

Natural Gas Vehicle

2010

Hydrogen Fuel Cell Vehicle

2015

Price

23

in 20105

Biotuel Learnig Curve

gal
s

Strength

How quickly will the efficiency of new vehicles improve?
Set the strength of the learning curve for fuel effkiency improvemenrn For
example. a 10% learring curve means the fuel efficiency of velik:e technologies
improves 10% with each doubling of cumulative R&D ivestment fue
economy.

m

5

Hydrogen Pnce in 2015
Hydrogen Learning Curve
Strength

kg

-k

Fuel Efficiency Learning
Curve Strengvrr

You have reached the Dashboard, the main screen in the simulator. Familiarize yourself
with the layout of the Dashboard. The top half of the screen shows graphs for key variables,
which can be clicked to enlarge and show supporting information. In the lower-center of the

screen is the legend for the graphs. In the lower-right of the screen are the controls that you will
use to run the simulator.
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I
How to Set Policy and Strategy Decisions

To set policy and strategy decisions for each scenario, scroll down below the Legend or
click the Poices button on the menu in the top-right corner of the Dashboard. Here you will see
three tabs for the various types of policy and strategy decisions you can make in the simulator.
To introduce a policy or strategy, slide the relevant slider(s) to select the value, or enter the
desired value in the box to the right of the slider. Any plausible value can be entered into this
box.
For example, the figure below shows the implementation of a suite of decisions including
Tax Incentives for Vehicles ($4,000/vehicle for PHEVs and $7,500/vehicle for BEVs), Tax
Incentives for Charge Points ($500/plug) and the additional construction of 500 new Charge
Points per year.
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For values greater than that corresponding to slider bar end position, please enter
manually in the box.
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Similarly, you can select taxes and enter the carbon tax. For example, the figure shows the
addition of carbon tax of 250$ by year 2030.
Select Taxes
L Goverrment

*

incentives

Carbon

A Auto

Taxes

OEM Strategies

VMT Tax

Gasoline Tax

Tax

Currently 5

0

per Tonne CO~e

Currently

18.4

cents per GGE

Currently

0

Targetmng S

0

per Tonne C02e

Targeting

18.4

cents per GGE

Targeting

0

by year

by year

cents per Mile

205$

by year

205-

cents per Mile

For example, for carbon tax of 250$ by 2030, values will look like below
L Government

Carbon
Currently $
Tagtn

by year

A Taxes

incentives

4 Auto OEM Strategies

VMT Tax

Gasoline Tax

Tax

0

per Towle COCe

Currently

18.4

cents per GGE

Currently

0

5.,

per Tonne C(-)e

Targeting

18.4

cents per GGE

Targeting

0

-2033

by year

1

by year

2051

cents per Mile
cents per Mile
20S

You can also set auto OEM strategies by selecting "Auto OEM Strategies". For example, figure
below shows additional marketing spend of 250 million$/year for PHEV and BEV.
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For example, for a policy of OEM spending 250 m$ in marketing for
PHEV and BEV, the policy will look like below
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You can mix and match different policies from above and run different scenarios
separately. RESET before running next scenario.
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How to Run the Simulator

Once you have set the decision settings needed for the scenario of interest, click Step to the End
to simulate through 2050.
http
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How to View Results

You should now see the results of your scenario through 2050 displayed in the graphs on
the Dashboard. Clicking on any one of those graphs will show an enlarged graph and supporting
information. For example, clicking on the New Vehicle Sales graph will both a larger version of
the same New Vehicle Sales graph on the left, and the changing composition of the Installed
Base on the right. Moving your cursor over the graphs will reveal the values of each data series
over time.
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How to Begin Your Next Scenario
To start your next scenario, we request you to RESET your decisions before analyzing the next
scenario. Click the button shown below and select "Reset (clear decisions)". You will have to
enter the policies again but RESET is the best method to ensure that your initial values are
consistent (DON'T USE RESTART).
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Instructions
In this exercise you will play the role of 'car czar', using the Driving the Future management
flight simulator to explore how public policy measures and strategic decisions by automakers
may influence consumer adoption of alternative fuel vehicles (AFVs) in the United States.
You will explore the diffusion of AFVs for five different scenarios that vary in the mix of
policies and strategies applied. For each scenario, please do the following:
5. Adjust the policy and strategy decisions to the levels indicated below.
6. Select Step to the End to simulate the model through year 2050. You may find it helpful to
simulate each scenario multiple times, or vary the level of settings, to develop your
understanding.
7. At the end of each scenario, think carefully about why the policy and strategy settings in the
scenario lead to the patterns of behavior observed, and why the behaviors observed may
differ between scenarios.
8. To start your next scenario, choose RESET (Clear Decisions), which will clear your
decisions and gets you ready to enter the next scenario.

Drivers, start your engines!
IN ADDITION TO THE SCENARIOS MENTIONED IN THE FORTHCOMING PAGES,
WE ALSO ENCOURAGE YOU TO PLAY WITH THE SIMULATOR AND TRY OUT
YOUR SCENARIOS TO DEVELOP YOUR UNDERSTANDING
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Scenario 1: Baseline Scenario
In the baseline scenario, you will simulate a counterfactual scenario without any policy
interventions for any vehicle platforms (such as tax incentives, additional marketing spending or
charging infrastructure development) to understand the reference behavior of the model.
Decision Settings: Hit RESET. For Scenario 1, leave all policy and strategy decisions at their
default values (click Reset to restore default values if needed). Select "Step to the End" to
simulate through 2050.
The results you should observe in Scenario 1 are shown below (these are just the few of many
available graphs):
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Sales of HEVs follow an S-shaped growth pattern, with increasing consumer acceptance due to
word-of-mouth and cost reductions with learning-by-doing. Consequently, HEVs gain more
than half the share of new vehicle sales by 2045. All other AFV platforms have negligible sales
in the scenario, due to high purchase prices, low consumer acceptance and lack of refueling
infrastructure. Greenhouse gas emissions fall over time due to the diffusion of fuel-efficient
HEVs into the fleet and the improving fuel-efficiency of conventional gasoline vehicles.
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Scenario 2: Vehicle Purchase Incentives for PHEVs and BEVs
In Scenario 2 you will build on Scenario 1, introducing tax incentives intended to accelerate
consumer adoption of plug-in electric vehicles (PHEVs) and battery electric vehicles (BEVs).
You will introduce a tax incentive of $4,000/vehicle for the purchase of a PHEV, and
$7,500/vehicle for the purchase of a BEV, which reduces the effective purchase price of each
platform.
Decision Settings: Hit RESET. Maintain the same decision settings as Scenario 1 (default
settings), and introduce Tax Incentives per Vehicle of $4,000 for PHEVs and $7,500 for BEVs.
Select "Step to the End" to simulate through 2050.
The results you should observe in Scenario 2 are shown below:
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The results you should observe here are not noticeably different from Scenario 1. Consumer
acceptance of platforms other than GAS and HEV remain at very low levels, even with the
introduction incentives to offset high vehicle prices, because consumer adoption of AFV
platforms including PHEVs and BEVs remains low.
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Scenario 3: Vehicle Purchase Incentives and Marketing
In Scenario 3 you will build on Scenario 2, adding a marketing campaign to build consumer
awareness of alternative fuel vehicles in addition to the purchase incentives applied in Scenario
2. Here you will introduce $250 million per year in advertising spending for each of the PHEV
and BEV platforms, in addition to the standard 2% of platform revenues that automakers spend
advertising all their platforms.
Decision Settings: Hit RESET. Build on the same decision settings as in Scenario 2 (default
settings + vehicle purchase incentives of $4,000 for PHEVs and $7,500 for BEVs), introduce
Additional Marketing per Year of $250 million/year for PHEVs and $250 million/year for BEVs.
Select "Step to the End" to simulate through 2050.
The results you should observe in Scenario 3 are shown below:
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You should now see that sales of PHEVs grow to approximately 20% of new vehicle sales by
2050, as a result of growing consumer acceptance due to marketing. The greater competitiveness
of PHEVs in this scenario causes a faster transition away from GAS vehicles to occur, and
causes the market share of HEVs to start stabilizing around 2050. Sales of BEVs are still
negligible in this scenario, impeded by the lack of recharging infrastructure for fully electric
BEVs (not that big a deal for PHEVs as they can be charged by on board engine as well).
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Scenario 4: Vehicle Purchase
Infrastructure Development

Incentives,

Marketing and

Recharging

In this scenario, you will build on scenario 3, adding a program of recharging infrastructure
development to ensure that a minimum viable network of charge points exists for electric vehicle
drivers. You will introduce a government program responsible for constructing 2000 charge
points per year until 2050. You will also introduce an infrastructure tax credit of $500/pump (for
EVs, per charge point) to provide additional incentives for private infrastructure providers to
build publicly accessible charge points. These charge points are assumed compatible with all
PHEVs and BEVs.
Decision Settings: Hit RESET. Build on the same decision settings as in Scenario 3 (Tax
incentive of $4,000 for PHEVs and $7,500 for BEVs and marketing 250m for both BEV and
PHEV, and add: 1) Fueling Infrastructure Introduction of 2000 charge points per year; and 2)
Tax Incentives of $500/pump (charge point). Select "Step to the End" to simulate through 2050.
The results you should observe in Scenario 4 are shown below:
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You should now see BEVs gain significant market share over time, aided by the formation of a
commercially viable market for charging infrastructure with growing demand for EV charging.
Both PHEVs (which are also helped by charging infrastructure) and BEVs become increasingly
attractive with the growing the availability of recharging infrastructure, together taking market
share from HEVs after 2040. A larger reduction in GHG emissions is achieved due to the higher
efficiency of electric vehicles, even assuming electricity is sourced from the US grid mix of
electric generation sources.
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Scenario 5: Introduction of a Carbon Tax
Finally, in Scenario 5 you will build on Scenario 4, also introducing a carbon tax that increases
the cost of all fuels in proportion with the fuel's carbon content. Here you will introduce the
carbon tax in year 2015, rising to $250/tonne CO 2 by 2030.
+

Decision Settings: Hit RESET. Maintain the same settings as in Scenario 4 (Tax incentive
Marketing + Infrastructure), and introduce a carbon tax in 2015, ramping in linearly from $0 to
$250/tonne CO 2 by 2030 (the price will remain constant thereafter). Select "Step to the End" to
simulate through 2050.
The results you should observe in Scenario 5 are shown below:
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You should see here that the introduction of the carbon tax accelerates the transition away from
the least efficient Gasoline and HEV platforms. PHEV sales rise rapidly from 2020 as the
carbon tax ramps up, followed by BEV sales, with these electric vehicle platforms accounting for
approximately 75% of new vehicle sales by 2050. The carbon tax increases the price of the
gasoline leading to increased consumer acceptance of AFV platforms and similar behavior is
expected if the price of the fuel increases naturally as well (it is expected that the non-renewable
energy prices will increase in future as their availability becomes limited).
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Further Action
ONLY after you have developed your understanding of the simulator and the impact of different
policy actions, we ask you to click the link below for the final survey.

https://survey.gualtrics.com/SE/?SID=SV 5pyKzetitXJ6ACN
After you are done with this survey, please enter the validation code appearing in the end in
MTurk to get paid. We will verify your responses and approve the payment as soon as we can.
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