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Abstract
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. The simulations are freely available through the MIT Sloan LearningEdge portal (mitsloan.mit.edu/
LearningEdge). In these notes I describe six simulations available as of 2014. Part I describes Salt
Seller (a multiplayer commodity pricing simulation); Eclipsing the Competition (learning curves,
using the solar photovoltaic industry as the example); and Platform Wars (competition in the presence of network externalities using the video game industry as the context). Part II describes
Fishbanks (the Tragedy of the Commons in the context of renewable resource management,
updating the classic game by Dennis Meadows); CleanStart (building a startup ﬁrm, with clean
tech as an example); and World Climate (an interactive role play of global climate negotiations).
Each simulator enables participants to learn experientially about important concepts in management, strategy or sustainability. Each is grounded in a particular industry or ﬁrm, and comes with
original case studies or brieﬁng material describing the strategic challenges in these settings.
Through these simulations, students, executives, policymakers and others can explore the consequences of different strategies so they can learn for themselves about the complex dynamics of important issues. I describe their purpose and use, illustrate their dynamics, and outline the
instructor resources available for each. Copyright © 2014 System Dynamics Society
Syst. Dyn. Rev. 30, 206–231 (2014)

The MIT Sloan School of Management, in keeping with the open access
philosophy embodied in MIT’s OpenCourseware (ocw.mit.edu) and MITx
initiatives (mitx.mit.edu), established the MIT Sloan LearningEdge website
(mitsloan.mit.edu/LearningEdge) as a portal to provide case studies, simulations and other materials to teach management principles. All materials provided on LearningEdge are freely available. As of 2014, LearningEdge hosts
a set of six system dynamics-based management ﬂight simulators, designed
to teach core principles of economics, strategy, dynamics and sustainability
(more are under development).
Part I of this note (Sterman, 2014) described the motivation for and history
of management ﬂight simulators in education and training, along with three of
the simulators available through the MIT Sloan Learning Edge portal: Salt
Seller (pricing strategy); Eclipsing the Competition (learning curves and scale
economies with the solar photovoltaic industry as an example); and Platform
Wars (competition in multi-sided markets, with the video game industry as
the example). Here I describe Fishbanks (the Tragedy of the Commons in the
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context of renewable resource management, updating the classic game by
Dennis Meadows), CleanStart (building a startup business in cleantech), and
World Climate (an interactive roleplay of global climate policy negotiations).
Each simulator teaches important general concepts in management, strategy,
sustainability or entrepreneurship. Each is also grounded in a speciﬁc example, such as a particular industry or ﬁrm, and comes with original case studies
or brieﬁng material describing the strategic challenges faced by managers and
executives in these settings. Through these simulations, students, executives,
policymakers and others can explore the consequences of different strategies
so they can learn for themselves about the complex dynamics of difﬁcult issues in a variety of important settings.
Together the simulators span an array of the core concepts of competitive
strategy relevant to managers, management students and anyone interested
in the substantive issues, from pricing to resource management to renewable
energy. Table 1 lists the simulators together with the industry and case study
upon which they are based, the key concepts they address, and typical courses
in which they might be used. The simulators can be used alone, or together in
a sequence (as we have done at MIT Sloan, where they have been used for several years in the core MBA strategy course, courses in sustainability and system dynamics, and in executive education).
The simulators are all implemented in Forio Simulate (forio.com) as interactive web-sims. Users can access the simulations via any standard web
browser. Users can play as individuals or as part of a "class"—a scenario created by an instructor or workshop facilitator in which many people can play
under the same conditions. The ability to create "classes" enables instructors
to design a sequence of scenarios that guide participants through a structured
learning sequence. For example, one can design a sequence of classes for
CleanStart that begin with the default conditions, then introduce scenarios
in which competition is more intense, or in which there is a carbon price that
favors clean, low carbon technologies. Instructors can also decide whether
players can see the settings for a given class/scenario and, if so, whether they
can change them or not. Instructors can also access the results of the games in
any class they establish, in real time as play unfolds or afterwards, to monitor
and control play, present results and download results for other purposes including research, grading or prizes. Instructors who register with
LearningEdge also receive free access to all teaching materials for the simulations, for example teaching notes, debrief guides, and short videos explaining
how to set up and run classes and use the simulator.

Flight simulators for management education
In Part I of this note I discuss the motivation for the use of management ﬂight
simulators and review the literature. In brief, the dominant modes of
Copyright © 2014 System Dynamics Society
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instruction—lecture and case discussion—are often ineffective, particularly in
overcoming common conceptual errors, building actionable knowledge,
enhancing problem-solving skills and developing systems thinking abilities
(see, for example, Dori and Belcher, 2005; Kim and Pak, 2002; King, 1993;
Lasry et al., 2008; Mazur, 1997; Mintzberg, 2005; Papert, 1993; Pfeffer and
Fong, 2002; Sterman, 2000). Alternatives to the transmission model of
learning, known as constructionism, interactive learning, learner-directed
learning or action learning, emphasize experimentation, simulations and
“serious play” (Pfeffer and Sutton, 2000; Schrage, 2000; Thomke, 2003;
Aldrich, 2009). Just as one can’t become a skilled carpenter only by studying
wood and tools, but must actually build things, so too one can’t become a
skilled pilot, surgeon or executive without actually ﬂying, operating or managing. Interactive, constructionist methods stress experimentation that provides
rich feedback from close engagement with the material, with the role of the
instructor shifting, in the words of King (1993), from “the sage on the stage”
to “the guide on the side”.
However, in many systems experimentation is simply impossible (e.g. climate
change) or the time delays in the impacts of our decisions are far longer than the
time available for learning. In others (e.g. aviation, surgery, business), the consequences of mistakes can be fatal (e.g. crashes, medical errors, violations of safety
procedures that lead to plant accidents). More subtly, in many systems, what
works here and now often harms the system elsewhere and later (Forrester,
1969; Sterman, 2011).
Thus educators face a dilemma: on the one hand, one can lecture about the
long-term, system-wide impacts of policies, but lecture is ineffective; on the
other hand, interactive, action-learning experiences that can be carried out
within the physical and temporal constraints of the classroom may systematically teach ineffective or harmful lessons. Simulations offer a resolution to
the dilemma. Simulations can compress or expand time and space, allowing
learners, for example, to simulate decades in the life of an airline or a century
of climate change in a few minutes (Sterman, 1988; Morecroft and Sterman,
1994; Sterman et al., 2012, 2013). When experimentation is too slow, too
costly, unethical or just plain impossible, that is, for most of the important
issues we face, simulation becomes the main—perhaps the only—way we
can discover for ourselves how complex systems work and where highleverage points may lie.

Fishbanks: renewable resource management and the Tragedy of the
Commons
Fishbanks is a simulation of an open-access ﬁshery in which players compete
to maximize the economic value of their "ﬁshing companies". The simulation
exposes participants to the Tragedy of the Commons (Hardin, 1968), the
Copyright © 2014 System Dynamics Society
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dynamics of renewable resources, and the challenges of designing, implementing and enforcing policies for sustainable resource management. The
web-based version described here updates and extends the classic game
designed by Dennis Meadows, which is played with a board and physical pieces
representing ships (Meadows et al., 1986). In its various forms, the game has
been played thousands of times around the world, with participants ranging
from elementary school students to senior business and government ofﬁcials.
Fishbanks is a dynamic, multi-player game in which players seek to maximize their net worth in an open-access ﬁshery. The simulation interface
provides players with information about current market and ﬁshery conditions.
During each round, players make two types of decisions: (i) they can change the
size of their ﬂeet by buying, selling or ordering ships; and (ii) they decide how to
use their ﬂeet by sending their ships to the deep-sea ﬁshery, the coastal ﬁshery or
keeping them in the harbor. Players can also try to negotiate agreements to
manage the ﬁshery more sustainably and equitably, and the game allows administration of ﬁshing quotas, permits, boat buyback programs and other policies
players may wish to implement after negotiating with the other teams.
Fishbanks can be played with one to ten teams (ﬁshing companies) per
“ocean”; six to eight teams, with two to four people on each team (about
10–50 people in total), are best. To accommodate larger groups, multiple
oceans can be played simultaneously. The author has run the simulation
with 90 people in three oceans; more are possible. The facilitator monitors
and paces each game. The simulation keeps track of ﬁsh stocks, recruitment
(growth in ﬁsh stocks), catch per ship, proﬁts and losses, the market value
of ships and other information. The game can be run in a workshop or
classroom in a typical 80-minute class period. Fishbanks also supports an
asynchronous mode in which players make decisions any time during a
speciﬁed interval such as a day over the course of a week. In either live
or asynchronous mode, players can be physically co-located or located anywhere in the world, as long as they have Internet access.
Instructors who register with LearningEdge will ﬁnd additional teaching
resources, including a video teaching note demonstrating the game, a full
teaching note with debrieﬁng guide, and slide decks for brieﬁng and
debrieﬁng. Fishbanks, and all related materials for users and instructors, is
available in English, Chinese, Portuguese and Spanish.
Fishbanks creates the opportunity for people to learn fundamental lessons
about the sustainable management of renewable resources. These lessons
include the following:
1. Resource dynamics: To be sustainable, resource extraction and degradation must be balanced by regeneration and renewal: ﬁsh can be taken
no faster than they reproduce, trees can be cut no faster than new ones
grow, carbon dioxide can be emitted into the atmosphere no faster than
it is removed. Regeneration and renewal for many important resources,
Copyright © 2014 System Dynamics Society
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including ﬁsh and other fauna, forests and other ﬂora and fresh water,
are not constant but depend on the state of the resource. For biological
resources such as ﬁsh and forests, the level of the resource is limited by
the carrying capacity of the ecosystems that support them. Prior to
exploitation, the resource stock will be, on average, near the maximum
level the ecosystem can support. As extraction rises, resource stocks
fall, but regeneration will tend to rise as each remaining organism has
more food, space and other resources it needs to reproduce. The
ecosystem compensates for extraction: the more you take, the more
grow back. However, when the resource becomes sufﬁciently depleted,
regeneration peaks and falls—at some point there are simply too few
ﬁsh remaining for reproduction to offset extraction. Now the dynamics
shift: the more you take, the fewer grow back. The smaller the remaining resource stock, the smaller the rate of regeneration, further lowering
the stock in a vicious cycle that can rapidly lead to resource collapse
(Sterman, 2012).
2. The Tragedy of the Commons: Historically, a “commons” was the common
pasture on which any villager could graze their livestock. In contrast to
private property, such “common pool” or "open access" resources can be
freely used by anyone. If such resources are managed to maximize total
proﬁt or social welfare, extraction would be limited to no more than the
maximum sustainable yield. However, if each extractor acts to maximize
their private proﬁt, the result is overexploitation: it is rational for each
extractor to expand their take as long as it is proﬁtable to do so. Combined
with resource dynamics (see above), the result is often the destruction of
the resource. The tragedy arises not merely because the resource is
destroyed, but because the resource is destroyed as a consequence of each
individual’s rational pursuit of self-interest: the proﬁts from taking one
more ﬁsh or cutting one more tree beneﬁt the individual extractor today,
while the costs of lower future harvests are borne by all (Hardin, 1968).
An individual who stops harvesting simply allows others to take a little
more, with no change in the outcome, so it is not rational to reduce your
own take.
3. Misperceptions of feedback: Research shows people do not understand
the basic dynamics of resource accumulation, nor the feedback
processes that control extraction and regeneration (Sterman, 2011).
Further, extractors and policymakers often have poor knowledge of
the ecological relationships governing regeneration and resource levels.
Stock levels, regeneration and even harvest rates are often known
imperfectly. There are long delays in estimating and reporting
resource stocks, harvests and regeneration. Thus, even if ﬁsheries were
fully privatized, thereby eliminating the incentives for overexploitation
that create the Tragedy of the Commons, extractors will likely overharvest. Experiments show exactly this with simulated ﬁsheries:
Copyright © 2014 System Dynamics Society
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participants operating a fully private ﬁshery still overexpand their
ﬂeets, overharvest and lose money (Moxnes, 1998; Sterman and King,
2011a, 2011b). Further, there are delays in building up extraction
capacity, and investments in capacity are often long lived and largely
irreversible, not least because entire communities and economies grow
up around the extractive activity. Political interests in continued
extraction cause opposition to and delays in the implementation of
government policies or industry self-regulation to preserve the resource.
Many open-access resources involve extractors from different communities and nations, leading to additional delay while laws are debated
and treaties negotiated. Misperceptions of the feedbacks governing
resources, poor information, long delays and irreversible commitments
often doom the resource and the communities dependent on it. By the
time the community discovers that they are harvesting unsustainably, it
is often too late.
4. Successful governance of the commons is possible: While the barriers to
successful management of common pool resources are formidable, it
is possible for communities to govern their common resources sustainably. Political scientist Elinor Ostrom documented many examples and
analyzed the conditions for successful governance, winning the Nobel
Memorial Prize in Economic Sciences in 2009 for her work (see, for
example, Ostrom, 2009; Ostrom et al., 2010; Ostrom and Hess, 2007).
Successful management of the commons has been documented on a
variety of scales, from local communities such as individual ﬁshing
villages to the public provision of community services such as police,
ﬁreﬁghting, education and libraries, to global agreements such as the
Nuclear Test Ban Treaty, which bans atmospheric atomic weapons
tests, and the Montreal Protocol, which limits production of
halocarbons that destroy stratospheric ozone. Governance can be
initiated and maintained by informal relationships among community
members, but often, and particularly for larger systems with diverse
actors, requires agreements, monitoring methods, enforcement mechanisms and other policies that are institutionalized in legislation and
regulations (at local, state/provincial, national or international levels).
Such agreements enable communities to act collectively to improve
societal welfare.
Fishbanks provides instructors with complete control over parameters
including the number of teams per ocean, number of oceans, initial ﬂeet
and cash per team, ﬁsh prices, ﬂeet operating costs, ﬁsh stocks, recruitment and catch per boat as they depend on ﬁsh density, limits (if any)
on new ship orders by individual teams, procedures for determination of
ship market value and others (the brieﬁng guide provides full details).
During play the instructor monitors the progress of the game, decides
Copyright © 2014 System Dynamics Society
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when each decision phase begins and ends, and controls the pace of play.
Through the game monitor page the instructor has the option to run ship
auctions and implement boat buy-back programs, permits, quotas and
other policies. The instructor can also project a wide range of results on
the screen for teams to see.
Each simulated year (decision round) consists of two phases. First, in the
auction phase, players may elect to offer some or all of their ships for sale
at auction, and may bid on ships offered by others (Figure 1). Auctions are
conducted through the simulation interface. Second, in the allocation and
ordering phase, players decide how many of their ships to deploy to the
deep-sea and coastal ﬁsheries; they may also elect to keep some or all of their
ships in the harbor. Players also decide how many new ships to order from
the shipyard. The display always shows information on the player’s current
ﬂeet size, bank balance and other key data, along with information on the
expected catch in the coastal and deep ﬁsheries and the expected proﬁt from
sending a ship to each, or of keeping a ship in the harbor. Players may also

Fig. 1. Player main screen, Fishbanks: auction phase. At the beginning of each round, players may buy or sell ships at auction.
In this hypothetical example, the bank is auctioning three ships, with a reserve price of $200/ship, while the player is offering
one ship at auction with a reserve price of $300/ship
Copyright © 2014 System Dynamics Society
DOI: 10.1002/sdr

214 System Dynamics Review

use the tabs at the top of the screen to access a wide range of additional data
about their ﬂeet and ﬁnancial position, auction history, ship market values
and so on. Through the chat function players can send messages to all other
teams in their ocean or to individual teams. In workshop mode, with play in
real time in the same room, chat is often used, though most interaction is
face to face, as in the traditional game. In asynchronous mode, or if the
players are not physically co-located, chat provides a channel for negotiation
and communication among the players. In the second phase of each round,
players decide where to allocate their ﬂeet among the deep-sea ﬁshery,
coastal ﬁshery and harbor, and how many new ships to order from the
shipyard (Figure 2).
Figure 3 shows results from a session with a group of senior executives from a
large multinational company. Eight teams competed in the Atlantic Ocean. With
three ships each to start, the total initial ﬂeet is about half the maximum sustainable ﬂeet size. However, ﬁshing is highly proﬁtable at the start, particularly in
the deep sea. The total ﬂeet rapidly expands. By year 4 intense ﬁshing has significantly depleted deep-sea stocks, reducing catch per ship there and causing

Fig. 2. Player main screen, Fishbanks: allocation phase. After the auction phase, players decide where to send their ﬂeet and
whether to order new ships from the shipyard. In this illustrative example, the player, with a ﬂeet of six ships, allocates two
each to the harbor, coastal ﬁshery and deep sea, and orders two additional ships from the shipyard at a total cost of $600
Copyright © 2014 System Dynamics Society
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Fig. 3. Typical results, with eight teams of senior executives competing in the same ocean. Rapid expansion of the ﬂeet quickly
depletes the deep-sea and then the coastal ﬁsheries, causing massive losses and collapse of ship market value
Copyright © 2014 System Dynamics Society
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Fig. 4. More sustainable
policies achieved by two
different groups of
Fishbanks participants.
The Atlantic Ocean participants were able to limit
ﬂeet expansion and ﬁshing effort to sustain ﬁsh
stocks, yielding proﬁt
each year of the game

proﬁts to plummet. The teams rapidly shift their ﬂeet to the coastal ﬁshery,
quickly depleting it. By year 7 ﬁshing is unproﬁtable overall, forcing the teams
to lay up most of their ﬂeet in the harbor, where the annual loss is less than
the losses incurred by sending the ﬂeet out. After rising from $300 to nearly
$800 per ship, the market value of the ﬂeet plummets after year 5. By the
end, ﬁsh stocks have collapsed and the total assets of the ﬁshers are signiﬁcantly negative.
Figure 4 shows the total ﬂeet and ﬁsh stocks for two other examples, with students at the MIT Sloan School of Management. Here ﬂeet growth stopped near
or slightly above the maximum sustainable level, and the players, recognizing
the impending collapse of their ﬁsheries, were able, more or less successfully, to
stabilize their ﬁsh stocks by negotiating an agreement in which all teams voluntarily committed to laying up part of their ﬂeet in the harbor to limit overﬁshing. The
players in the Paciﬁc Ocean in this example are less successful, in part because
they collectively overbuilt their ﬂeet farther above the maximum sustainable
level, forcing larger losses on each team, which increases the incentive to defect
and send the ﬂeet out to ﬁsh. The players in the Atlantic Ocean are more successful and achieve positive proﬁts, though there is evidence of some defection
towards the end of the game.

CleanStart: simulating a clean energy startup
CleanStart simulates a startup in the emerging "clean tech" sector—businesses
offering technologies that promote sustainable products and operations such
Copyright © 2014 System Dynamics Society
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as energy efﬁciency and renewable energy. Clean energy technologies must be
widely adopted to address critical issues in sustainability, including climate
change, energy security, public health and job creation. New ventures will
likely be the primary means of commercializing clean energy technologies,
but most startups fail, and clean tech ventures fail at a higher rate than
startups in other industries. CleanStart gives participants the opportunity to
experience the challenges of building a startup business from scratch. Players
take the role of founder and head of a new clean tech startup, and make
decisions every quarter year as they seek to win customers, improve the
product and fend off the competition. For concreteness, the scenario and
default parameters represent a ﬁrm offering energy management solutions
for buildings, a growing area in the clean tech sector. However, the simulation
addresses general issues in entrepreneurship, and the parameters can be
customized to represent startups in many other industries.
Although any startup faces difﬁcult issues, the challenges facing startups in
clean tech are arguably more difﬁcult, owing to the following issues:
• Unfamiliarity
- Complex value proposition and products that are hard to evaluate,
difﬁcult to try.
- Risk-averse customers with complex organizations ill suited to
evaluating new opportunities.
• Uncertainty
- NPV/ROI of adoption depend on uncertain, volatile energy prices.
- Product and vendor risks are higher when product cannot be easily tried
(compare an investment in a new building energy management system to
a new smartphone app).
• Market failures
- Behavioral biases, e.g. up-front costs loom large in decision making even
if the product offers positive NPV/high ROI/short payback times.
- Access to capital, e.g. individuals can’t borrow at the low rates available
to corporations.
- Principal–agent problem, e.g. the Landlord–Tenant problem.
- Negative externalities, e.g. the environmental damage caused by pollutants like fossil fuels are often not captured in market prices, so current
energy prices are below their true costs.
• Entrenched competitors with deep pockets
- Regulatory capture leads to regulation, legislation unfavorable to new entrants
(e.g. lack of feed-in tariffs for distributed, renewable electricity generation).
- Infrastructure that favors incumbents (e.g. lack of fuel stations for alternative
fuel vehicles).
Copyright © 2014 System Dynamics Society
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After logging in as an individual or as part of a class, the player, here logged
in as “Clean Energy Industries”, receives an orientation brieﬁng:
You are the founder and CEO of Clean Energy Industries, Inc., a startup company
that has developed a set of technologies to improve the energy efﬁciency of commercial and industrial buildings. Your product consists of sensors, controls and software
that integrate into a building’s existing HVAC, lighting and other systems to optimize
energy efﬁciency, enabling dramatic cuts in energy and greenhouse emissions—and
ﬁnancial-savings.
Though you don’t yet have any customers, you have raised $1,000,000 in funding from
friends and family, and now seek to introduce your innovative product to the marketplace. You will face competition from other startups with similar innovative products
and from large, incumbent ﬁrms such as electric utilities whose products may be less
innovative but who have deep pockets to establish their market presence. You must
make a number of decisions each quarter as you build your sales and engineering
team, try to win customers and become proﬁtable before you run out of cash.
Your business model seeks revenue from both initial product sales and annual maintenance fees. You set the price on the dashboard and maintenance fees are contracted
at 5 percent/year of the sale price. Initially, your product costs $60,000 per unit to manufacture and install, but you expect that these costs will fall as you move down the
learning curve and beneﬁt from product and process innovation. Although you believe
your product provides excellent value, building owners and managers are conservative and many are not aware of the potential for savings from this type of product.
To win customers, your product must not only be more attractive than that of
competitors, but your sales people must work with customers to build their awareness and understanding of the product and its advantages. Given the unfamiliarity
of potential customers with your technology, that process can take a long time.
Your business plan anticipates a year or more to generate revenues.
In addition to setting prices, the dashboard enables you to manage employee hiring
(and ﬁring) and compensation. You decide how many people to hire, and how many
are engineers who can improve the product and support existing customers, and how
many are salespeople who can win customers. You decide compensation for your
people, and what mix of salary, stock and stock options, and proﬁt sharing to offer.
You can decide whether to ﬁnance your company from earnings, whether it should
be wholly or partially employee owned, or whether you will seek external funding
from venture capitalists. Through the dashboard you’ll have the option to communicate with prospective investors—both to seek venture capital and, if you are successful, to pursue a public offering. The dashboard also presents a wide range of
information on your performance, so be sure to examine all the options thoroughly.
How long will the game last? The exact length of the game is up to your instructor,
though you may go bankrupt sooner. As the founder of the business you’re in it for
the long haul. Your goal is to build a proﬁtable, sustainable business.
Copyright © 2014 System Dynamics Society
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Figure 5 shows the main screen in the ﬁrst period, where the player and the
other initial members of the team have launched their business in a sparsely
furnished garage. The tabs at the top of the screen provide detailed reports
on the state of the business, competitors and other relevant information.
Players enter decisions on the left side of the screen.
The underlying simulation model has a broad model boundary (Figure 6),
including detailed representations of ﬁrm ﬁnances and the capital markets,
human resources, business processes, customers and competitors. The model

Fig. 5. CleanStart initial screen, showing the garage where the startup is launched, and an example news screen
Copyright © 2014 System Dynamics Society
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Fig. 6. CleanStart: model boundary

is based on original research on clean-tech startups and ﬁnancing (Miller,
2007) and employee ownership (Hsueh, 2011; Kruse et al., 2010; Beyster,
2007), established models in system dynamics (Sterman, 2000) including
models of startups (Sterman, 1988; Oliva et al., 2003; Graham et al., 1992)
and service quality (Oliva and Sterman, 2001, 2010).
To illustrate, Figure 7 shows a simpliﬁed representation of the customer
prospect chain, showing how potential customers move through stages
from being unaware of the product to (perhaps) becoming a paying
Fig. 7. CleanStart: simpliﬁed customer–prospect
chain. Flows are conditioned by sales effort and
(not shown) marketing,
word of mouth and product attractiveness, which
in turn depends on price,
features and functionality,
and the return in energy
savings customers can expect. Not shown: ﬂows of
prospects and customers
to competitors and the
cross-impacts of marketing and sales effort by
competitors, including
other startups and incumbent ﬁrms
Copyright © 2014 System Dynamics Society
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customer. Compared to many startups (e.g. Facebook), the sales cycle for
clean-tech products and services can be very long and usually requires
substantial direct sales effort supported by engineering and product development. The sales cycle for such startups is often years long, increasing
cash ﬂow requirements and the risk of failure. As an example, Figure 8
shows the sales cycle for Hope Energy (http://hopeenergy.co.za), a provider of efﬁcient and renewable energy solutions based in South Africa.
Note the substantial effort and expense required between the presentation
of the proposal to a potential client and the beginning of payment (if the
prospect decides to go forward).
The long sales cycle typical of clean-tech startups means a substantial
period of negative cash ﬂow until enough customers can be won and revenue
growth begins. Although entrepreneurs’ business plans typically show a relatively short period of negative cash ﬂow before explosive growth in revenue
and working capital, it is more common for startups to experience longerthan-expected delays in winning customers and higher-than-expected costs,
causing them to burn through their startup capital faster than projected, then
limp along in the "valley of death" until they fail (Figure 9). Learning how to

Fig. 8. Sales cycle for
Hope Energy, a South African clean-tech startup,
illustrating the long lag
between the beginning of
sales effort and revenue
generation. Source: Hope
Energy

Fig. 9. Business plans for
startups typically project
only short periods of negative cash ﬂow before
strong growth in revenue
and cash generation. More
common is a faster burn
rate, causing the startup to
enter the valley of death
before failing
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Fig. 10. Sample simulation of CleanStart showing a failed strategy, with ofﬁce furniture being repossessed

avoid the "valley of death" is a major challenge and learning opportunity for
CleanStart players.
To illustrate, Figure 10 shows a simulation of CleanStart in which the ﬁrm
runs out of working capital and fails, just after winning its ﬁrst customer. The
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local media dutifully report the failure (see the news feed below), while the
furniture leasing company repossesses the desks, chairs, computers and couch.
Many successful strategies are possible. Some involve funding from venture capital ﬁrms while in others the ﬁrm remains partly or wholly owned
by employees. Successful ﬁrms can choose whether to go public or remain
private/employee owned. Figure 11 shows a successful strategy in which the
ﬁrm remains 100% employee owned, is proﬁtable and cash-ﬂow positive,
and is selling hundreds of units per quarter (the decisions for this case are
not shown: readers should try their own ideas for success). While enjoying
record revenue, however, the employees put in very long hours; some experienced low morale and burnout, leading to higher quit rates; the local
business media report these issues in the news feed:
As in the other simulations, instructors can create "classes"—scenarios with
different assumptions about the product, market, customer sales process,
energy prices and other parameters. Classes allow instructors to create
learning sequences building from simple environments to more challenging
settings. Instructors can also monitor the games played in a class in real time,
display results, and save outcomes for later analysis, research and other
purposes. Video user and instructor guides are available.

World Climate: negotiating a global climate change agreement
World Climate is a live, interactive role play simulation of global climate
negotiations, using the C-ROADS climate policy simulation model (Sterman
et al., 2012, 2013). The World Climate simulation is described in detail in
Sterman et al. (2014); here I summarize it brieﬂy. A short video showing executive education participants in World Climate at the MIT Sloan School is
available at https://mitsloan.mit.edu/LearningEdge/simulations.
Useful in groups from six to sixty or more, participants play the role of
negotiators at the global climate talks held under the auspices of the UN
Framework Convention on Climate Change (UNFCCC; http://newsroom.
unfccc.int/). Participants are assigned to delegations representing various
nations or blocs of nations; for example, the USA, European Union, Other
Developed Nations, China, India and Other Developing Nations. Participants
must consider their national interests as they negotiate a global agreement to
mitigate climate change. As in traditional role play simulations, participants
receive conﬁdential brieﬁng memoranda to help them understand the national
interests and objectives of the nations they represent. They then negotiate
with one another to agree on commitments for greenhouse gas (GHG) emission
reductions from the present through 2100—long enough to capture projected
population growth, economic development and important climate impacts.
Unlike traditional role play negotiations, however, the participants’ proposals
are then entered into the C-ROADS climate policy simulation, providing them
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Fig. 11. A successful strategy in CleanStart. The ﬁrm remains 100% employee owned but, despite substantial growth in staff,
engineers experience burnout from long work hours (better human resource and compensation policies can address this issue)

with immediate feedback on the likely consequences of their proposals,
including per capita emissions, the carbon intensity of the economy, GHG
concentrations, global average surface temperature, ocean acidiﬁcation and
sea level rise (Figure 12). The C-ROADS model is used by climate policymakers
and negotiators in the USA, China and other nations, by the UN, and by business leaders and educators around the world. C-ROADS is freely available,
with full technical documentation, from climateinteractive.org. Many World
Climate resources are also available in Mandarin Chinese, French, German
and Spanish.
We have run World Climate for business leaders, policymakers from many
nations, oil industry executives, the US Forest Service, students at MIT and
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Fig. 12. C-ROADS interface, showing BAU emissions (left) and projected mean surface temperature increase relative to preindustrial era and 2°C target (right). Table at bottom provides a simple way to enter the emissions policies of each delegation.
The model can be run with emissions speciﬁed for 3, 6 or 15 different nations/regions, and offers a wide range of input modes,
sensitivity analysis on key parameters and output

other universities, high school students, religious congregants and many
others. World Climate helps people learn the policy-relevant science of
climate change, viscerally experience the international politics and explore
realistic solutions to the challenges of building a low-carbon economy. World
Climate is not a platform for advocacy. Participants are free to propose any
policies they choose, including no action, and to explore alternative assumptions about the response of the climate to GHG emissions. The simulation
shows participants the likely consequences of their choices, using a model
that captures the best available scientiﬁc knowledge, but does not prescribe
what should be done. Like any complex role play, effective delivery requires
practice, but many have learned to run the simulation successfully from the
free materials.
To help participants understand the economic and political constraints they
face, each delegation receives a conﬁdential Brieﬁng Memorandum outlining
the negotiating position of the nation(s) they represent and data on GHG
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emissions they can use to argue their case. To reinforce the national interests
of the delegates, we set the tables for the delegations representing the developed nations with tablecloths, food and drinks. The tables for the delegations
of the developing nations are bare. To further reinforce the power differential
among nations the facilitator should ask all the delegates from the least developed nations to sit on the ﬂoor. Requiring participants representing the
poorest nations to sit on the ﬂoor while those representing the rich nations
enjoy seats, food and drink vividly demonstrates the differences in economic
and political power among nations.
The negotiation begins with the facilitator, playing the role of the UN
Secretary General (currently Ban Ki Moon) or Secretary of the UNFCCC
(currently Christiana Figueres), formally calling the meeting to order. The
Secretary General’s introduction and charge to the negotiators not only presents participants with up-to-date information on GHG emissions and climate
risks, but impresses upon the participants that although they are playing a
game, the risks are real, the issues difﬁcult and their responsibilities, as negotiators, serious. The Secretary General then introduces the C-ROADS model,
brieﬂy explaining the purpose and structure of the model, reviewing the model’s
ﬁt to historical data for GHG emissions and concentrations, global mean surface
temperature, sea level and other key variables and the conclusions of the scientiﬁc review panel. After presenting the Business-As-Usual (BAU) simulation,
the delegates begin their negotiations. The delegations commit to a pathway
for future GHG emissions from their nation, including emissions from fossil
fuels and land use. Finally, the developed nations specify how much they will
commit in aid to help the developing nations pay the costs of mitigation and
adaptation, while the developing nations specify how much they require in
annual aid to enable them to undertake their emissions reductions. At the global
climate negotiation in 2010 the nations of the world established "a goal of …
USD 100 billion per year by 2020 to address the needs of developing countries"
(unfccc.int/resource/docs/2010/cop16/eng/07a01.pdf, Section IV.A.98).
After the ﬁrst round of negotiations one representative from each delegation
makes a two-minute plenary address to the full conference describing and
arguing for their proposal. We encourage creativity in these plenary presentations. In one session, two participants assigned (by chance) to the Chinese delegation were ﬂuent in Mandarin and English. Playing the role of lead negotiator
and translator they presented their address in Chinese with consecutive translation in a highly formal manner. In another, the delegate representing the least
developed nations gave an impassioned speech castigating the developed
nations for failing to cut emissions, then led a silent walk out of the entire delegation. The facilitator then enters these proposals into the C-ROADS model.
Typically, ﬁrst round proposals lead to expected warming far above the 2°C
target and lead to sea level rise only slightly less than the BAU case. Figure 13
shows a typical example. To show the impact of such a large increase in sea
level, we take a large sheet and cover the participants from the developing
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Fig. 13. Typical global CO2 emissions after ﬁrst round of negotiations (left, compared against BAU), showing minor impact on
projected sea level rise (right)

nations (Figure 14). In some sessions, those covered by the sheet spontaneously
become climate refugees, taking the seats of the other delegations. As one group
of climate refugees told the startled developed nation delegates, “We’ve been
forced from our homeland by the climate change you caused. You tried to turn
our boats away, but we are here. You must compensate us for the loss of our
homes. We need jobs, housing, health care and education. We are desperate.”
Still playing the role of Secretary General, we then send the delegates back for a
second round of negotiation, charging them to ﬁnd an agreement that collectively
reduces global emissions enough to limit expected warming to 2°C. Second round
global emissions are typically lower than in the ﬁrst, but often fail to achieve
the 2°C goal. After discussion, the Secretary General then sends the delegates
back for a third round of negotiation. The Secretary General may depart from
protocol at this point and moderate a negotiation among the group as a whole,
similar to the last-minute, all-night talks at many UNFCCC conferences.
As the negotiation ends, emotions among the delegates range from elation, if
they reached an effective agreement, to skepticism about the feasibility of
reaching agreement in the real world. The debrieﬁng addresses these issues
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Fig. 14. The ﬁrst round
proposals in World Climate often lead to small
emissions reductions and
a large increase in sea
level. To show the impact
of sea level rise on their
populations, the facilitator
covers the delegates
representing the developing nations with a large
sheet. In some sessions,
those covered by the sheet
spontaneously become
climate refugees, taking
the seats of the other
delegations

and cements the insights participants learned, including the biogeochemical
dynamics of the climate; underlying principles of system dynamics; geopolitical, economic and cultural barriers to global agreements; managing hope and
fear amidst an uncertain future and the technological and behavioral changes
that can help reduce GHG emissions and limit the damage from climate
change. The debrieﬁng also connects the lessons participants learned to personal commitments to action. Sterman et al. (2014) present data evaluating
the effectiveness of World Climate with a range of participants, from undergraduates to business executives. Videos of debrieﬁng sessions are available
at http://climateinteractive.org/simulations/world-climate.

Summary
Research shows that the transmission model of teaching is often ineffective, particularly in overcoming erroneous mental models and developing the problemsolving skills and other capabilities needed to manage modern businesses and
other organizations. In response, many scholars and educators advocate a shift
to learner-directed learning, emphasizing active engagement by learners with
the issues and systems of concern. Simulation models are required to create
the opportunity to gain experience and carry out experiments in complex systems, such as a business, market or ecosystem, where the time lags and scope
of the system extend beyond the conﬁnes of the classroom and time available
for instruction. Here I described a set of interactive, web-based management
ﬂight simulators designed to help students, managers and others learn key concepts in strategic management, system dynamics and related ﬁelds. The simulations, all freely available through the MIT Sloan LearningEdge portal, span a
Copyright © 2014 System Dynamics Society
DOI: 10.1002/sdr

J. Sterman: MIT Sloan LearningEdge MFS, Part II 229

range of important economic and strategic issues, including pricing, learning
and scale economies, competition in the presence of network externalities,
and common pool resource management. Each is built around a concrete industry, ﬁrm or global issue to provide realism and context. Playable by individuals,
instructors can also design "classes"—scenarios—to guide students through
structured sequences of market and competitive conditions. Each simulator
comes with an associated case study and introductory and instructional material for learners and teachers.
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