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Abstract
The tradable or transferable permit system, “cap and trade”, is one of the most innovative policy
options developed by environmental economists. Over the last 40 years, cap and trade programs have
been used around the globe by some of the world’s biggest economies. By placing a cap on a bad, whether
a pollutant or excess fish mortality, and then allowing firms to buy and sell the right to generate it, policy
makers combine government intervention with market-based incentives in order to improve welfare and
internalize the externality. Such programs represent a great opportunity for economics instructors to
show students how economic theory can be used in the real world by policy makers while teaching
foundational economic concepts. By using an in-class game that utilizes a mobile app or paper-based
interaction to create a market for a pollutant (or another rival but non-excludable resource), students can
learn several important tenants of economics. These include how prices are formed and how price-based
incentives lead to voluntary, as if cooperative, behavior by agents. This active learning method engages
students while improving their comprehension of price formation, gains from trade, voluntary response
to incentives, and an important environmental economics policy.
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Introduction

Students are experienced price takers. In most of their economic transactions, they act as atomic price taking
consumers. These experiences can be a barrier, making it hard to teach students how prices form, because
while students have ample experience as price takers, they have little experience with price formation. Where
do prices actually come from? What happens if a buyer or seller negotiates a price for a limited resource?
When should agents engage in a trade, and how do individual gains from trade relate to social welfare?
These are some of the most fundamental economic topics, and it is crucial that students learn the basics of
price formation. Traditional lecture can successfully deliver these points, but a superior method is to use
an in-class game that takes advantage of active-learning (see Holt 1996). To that end, we have developed a
“cap and trade” game, playable with either a mobile app or paper cards supported by an excel spreadsheet,
that teaches price formation as well as other economic concepts in a policy relevant context.
Tradable or transferable permits, commonly called cap and trade, is one of the key contributions of
environmental economics to public policy (Baumol and Oates 1998; Phaneuf and Requate 2017). Cap and
trade was first developed and tested on a large scale in the United States with a system of gasoline credits.
Less than 40 years later, it has become a global standard in environmental governance (Newell and Rogers
2003; Voß 2007). Emissions trading schemes stimulate innovation in addition to reducing emissions (Calel
and Dechezleprêtre 2016; Calel 2018; Cui et al. 2018). Rights-based transferable permits are the basis
for managing pollutants and reigning in over-fishing, and also represent the foundation for payments for
ecosystem services (Sterner and Robinson 2018). Carbon emissions trading schemes are operational in North
America, Europe, and Asia. The largest current emissions trading scheme (ETS), the European Union
Emission Trading System (EU ETS), covers 11,000 installations in 31 countries, which represent about 45%
of the EU’s greenhouse gas emissions (Ellerman et al. 2016). Transferable permits programs represent a
great opportunity to combine government regulation with incentive-based market mechanisms to increase
social welfare in presence of an externality.
Transferable permits programs begin with a cap on the amount of a pollutant or another unpriced good
such as excess fish mortality. Ideally, the cap reflects the optimal level of externality, e.g. the optimal level
of greenhouse gas emissions. In practice, the cap is often the result of a political-economic equilibrium. Even
so, as long as the cap is binding and not excessive, it will still enhance welfare irrespective of whether it is
“optimal.” As a specific example, focus on emissions of a given pollutant. Under a cap and trade scheme, if
a firm wishes to emit the capped pollutant, as a by-product of a given good or service that it produces, it
must have a permit for each unit of emissions. Permits are created by the regulator, which then allocates
them to the emitters. The creation of permits is a clarification of rights (Sterner and Robinson 2018) that
enables Coasian exchange (Coase 1960). After the initial permit allocation, firms are free to buy and sell
permits in a market. The negotiating process of firms in a market leads to the formation of a price for the
scarce resource, the right to generate an externality. The transferable permits system connects price-based
incentives with rights. The price incentive leads firms that have the greatest abatement costs, i.e. for which
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reducing emissions is costlier, to buy permits or shut down, and firms that have the lowest abatement costs
to sell permits to increase net revenue. The resulting market clearing price equals the marginal abatement
cost at the final quantity of emissions. In contrast to command and control, which prohibits or requires
certain behaviors from firms, trading transferable permits in a market enables firms to self-organize and
determine among themselves which firms should reduce the externality. This leads to firms behaving as if
they are cooperating to achieve a social goal. Some firms continue to emit at a price. Over time, the cap can
be adjusted in an incremental fashion, allowing firms time to adapt and innovate to lower abatement costs.
Generally, such market based systems achieve a given level of externality reduction at least cost.
Transferable permits programs integrate many critical economic concepts. Often it is difficult to make
these economic theories understandable if students do not have any personal experiences to relate to. Especially at the undergraduate level, where simple models are necessary to facilitate understanding, students
often ask, “How does this apply to the real world?” By using a cap and trade game in class, an instructor can
teach students several important economic concepts. First, students learn how transferable permits works,
and see how economic theory is put to work to make society better off. Second, students see how prices are
formed, based on supply and demand. Third, by comparing a market price to a corrective (Pigovian) tax,
students can compare quantity-based and price-based market mechanisms.
From a pedagogical perspective, this game has the potential to increase learning outcomes. Repeated
studies show that active learning and in-class games increase students’ comprehension (Dickie 2006; Emerson
and Taylor 2004; Freeman et al. 2014). Active learning can take many forms, from having students act out
scenes to engaging in mock trials or other role-playing exercises (Whiting 2006; Gourley 2018). In-class
games or experiments are also among the best options for active learning available to the lecturer (Durham
et al. 2007; Duke and Sassoon 2017). By using the app version of this game, students can use a familiar
technology, their smartphones, in an instructional setting. The strength of having students engage in a mock
emissions trading scheme is that, by face-to-face buying and selling permits, they can see how prices are
formed first-hand, and externalities addressed at the lowest cost for the economy. This can be more effective
than having an instructor explain how prices are set, and how market-based instruments are superior to
command and control. As recalled by Fouquet (2003), who developed at the time of the Kyoto Protocol an
early classroom game on cap and trade among countries, the pedagogical mantra goes as follows: “tell them
and they will forget, show them and they will remember, involve them and they will understand” (p. S143).
From a policy perspective, this exercise provides a rebuttal to the resistance some environmentalists have
about pricing pollution. No less a figure than the late Edmund Muskie, a long-time senator and Secretary of
State, declared, “We cannot give anyone the option of polluting for a fee.” This view is shared by others in the
environmental community, who believe that outright bans are superior to market based regulation. Students
may easily see the benefits of a cap, but may miss the economic efficiency of trading. While some would argue
that ethical reservations cannot be addressed by teaching emissions trading, experimental evidence suggests
that providing information on pay-offs, and having participants maximizing them in an experimental game,
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may improve people’s perception of pollution markets (Braaten et al. 2015). In the same spirit, our classroom
exercise shows how market based regulation can in fact result in a better societal outcome.

2

An Overview of Cap and Trade in Real-World Policy Making

According to the Environmental Protection Agency (EPA), the idea of a cap and trade program on emissions
(emissions trading) originated with one of the EPA’s forerunners, but was not tried on a national scale
until the middle of the 20th century when the EPA sought to decrease the environmental impact of several
pollutants. The largest program targeted sulfur dioxide, a key component of acid rain.1 The Acid Rain
Program originated from the 1990 Clean Air Act, and established an emissions trading system for sulfur
dioxide (Stavins 1998). The original aim was to reduce emissions to 50% with respect to 1980 levels. The
program was deemed a success by most commentators, with benefits vastly exceeding costs. Annual benefits
have been as high as $100 billion, with annual costs at less than $10 billion (Burtraw 1999; Chestnut and
Mills 2005). Much of this is due to a fall in mortality caused by improved air quality. Mortality decreased
by up to five percent because of lower sulfur dioxide emissions (Barreca et al. 2017).
The success of the Acid Rain Program in the United States led to additional emissions trading schemes,
tackling other pollutants. While the Acid Rain Program concentrated on sulfur dioxide, current schemes
focus on addressing climate change and carbon emissions. The best known emissions trading scheme is
arguably the EU ETS, but emissions trading schemes are part of the climate policy package in Canada,
New Zealand, South Korea, Switzerland, and the city of Tokyo (World Bank and Ecofys 2018). China
recently launched a pilot scheme, followed by a broader scheme (Karplus 2018). These examples show the
potential for schemes to be adopted by areas as large as entire continents, and as small as individual cities,
or companies. In the United States, emissions trading schemes are currently in place in California (linked
with the Canadian province of Québec) and in the Northeast (as the Regional Greenhouse Gas Initiative).
Emissions trading has been also used by private companies, such as BP, to price carbon within the firm
(Victor and House 2006). As internal carbon pricing becomes increasingly popular among companies (CDP
2017; Gillingham et al. 2017), additional schemes may be implemented in the private sector. At the federal
level in the United States, a proposal to implement an emissions trading scheme (Waxman-Markey Bill) was
approved by the House in 2009, but never made it to the Senate floor. Similar systems, known as catch
shares, have been highly effective at allocating fish harvests helping to rebuild fish stocks (Newell et al. 2005;
Grafton et al. 2006; Costello et al. 2008; Birkenbach et al. 2017), and payments for ecosystem services more
broadly have expanded globally (Salzman et al. 2018).
An alternative market mechanism is a Pigovian tax on externalities (Phaneuf and Requate 2017). For
example, a carbon tax could have the same behavioral effects as a cap and trade system, but in the case
of a tax, the regulator sets a price and then the market determines the quantity. During the in-class game,
1 See

https://www.epa.gov/airmarkets/acid-rain-program for a full account (last accessed in October 2018).
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students will see how cap and trade systems and taxes compare to each other. If the tax is set properly,
then students will see that the two policies deliver a similar result.2 With respect to carbon taxes, emissions
trading schemes have the advantage that they provide certainty on the amount of emissions (assuming full
compliance). On the other hand, a carbon tax provides certainty on the cost of regulating emissions. These
are aspects that can also be included in the game (see more below on comparing a carbon tax with an
emissions trading scheme).

3

The In-class Game

3.1

Setting up the game

For this game, each student represents a facility subject to a cap and trade program. The activity relies on
a game of musical chairs, where each chair represents an emissions allowance. Students will have to choose
whether they wish to buy a chair and be allowed to emit, or not emit. For physical preparation, a relatively
large space needs to be cleared and two rows of chairs need to be placed in the center of the room, back-toback, as seen in Figure 1. Alternatively, chairs could be placed in a circle, but this requires an even greater
amount of space. One should make sure that students have enough room to comfortably walk completely
around the chairs.
In order to run the game properly, it can be played with either paper sheets generated through an Excel
workbook or a mobile app. While the game can be played with either the workbook or the app, we suggest
all instructors look at the workbook before playing the game. The instructor workbook and video demo of
the app can be found online at https://github.com/efenichel/musical chairs. We describe below, in separate
sections, how to play the game with either method.
It is important to explain to the students that each chair represents one emissions allowance and that a
game of musical chairs will be used to define the initial allowance.3 Those that get a chair will start the game
with one emissions allowance, which can be either sold on the market or used for polluting. Each student
can have either zero or one chair. In either case, a chair represents a higher private benefit. However, each
chair that is occupied increases the social cost of pollution, as it represents an additional unit of emissions.
To prepare a class for the transferable permits game, we encourage instructors first to describe to students
how a cap and trade program works. One can emphasize that emissions trading and catch shares schemes
have been quite successful in the real world, and that the popularity of transferable permits programs
continues to grow among policymakers (World Bank and Ecofys 2018). It is also useful to quickly review
the concept of externality, since the game is organized around an externality. After discussing the private
2 Differences may emerge, however, in terms of surplus, especially if, in the emissions trading scheme, permits are allocated
for free (grandfathered) to firms, for instance based on past emissions (see Martin et al. 2014). This is an aspect that may be
discussed in class. Please refer to Phaneuf and Requate (2017), and other textbooks, for a formal analysis.
3 We have found that using musical chairs keeps students interested. In the event that musical chairs cannot be played
due to space or other constraints, another randomization process could also be used to determine who is provided an initial
allocation of permits.
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and social payoffs when all players have a chair or when chairs are completely banned, play begins with a
round of musical chairs. The instructor should pull about three chairs so that not all students can have a
chair. However, it is important that enough chairs are left remaining so that more chairs can be removed in
subsequent rounds, to get closer to the social optimum. The instructor can decrease the shortage as he or she
sees fit, if there are fewer students playing. This is different than standard musical chairs, when the number
of chairs is usually one less than the number of players. The number of chairs, or allowances, corresponds to
the “cap” of the program. Instructors should play music for around a minute, as the students walk around
the chairs, and then stop the music at random. When the music stops, every student must find their own
chair to sit in. After the dust settles, some students will be left standing. This solves the initial allocation
dilemma faced by policy makers. Lotteries have been suggested for initial allocation of permits (Tietenberg
2003). While we are unaware of random distribution of permits in practice, the main pedagogical objectives
of the game can be achieved with this stylized version of actual emissions trading schemes. Musical chairs
also serve to pique students’ interest. Next, the trade portion of the game begins.
The instructor should repeat that each student without a chair has the opportunity to pay another
student, who owns a chair, for the right to sit in the chair, and that each student with a chair can sell the
chair he or she occupies. To simplify the game, each student can only sit in one chair. At this stage, it
is important to remind the students that each firm’s goal is only to maximize its own profit. None of the
firms are interested in maximizing social welfare or increasing the efficiency of the allocation of resources.
Instructors should remind the students that if they buy a chair, then their total profits will correspond to
the profits “with chair” minus the price they paid for the chair. For students that sell a chair, their profits
will be the profits “without chair” plus the amount they received for the chair.
Students are then free to buy and sell their chairs. With only a few students standing, however, it is
possible that few trades occur. If no trades are occurring or students are still internalizing the logic of the
game, the instructor can step in and ask standing students the difference between their firm’s profits if they
have a chair or do not have a chair, and explain that they should offer less than that amount to a sitting
student. A sitting student should not accept an amount unless they are better off doing so. After several
minutes or after the trading seems to peter out, the instructor should give a 30 second to one-minute warning
before all trading must cease. Multiple trades are allowed. If a student buys (sells) a chair and then finds
that someone wishes to buy his or her new chair (sell them a chair) for a better price, he or she should feel
free to engage in an additional trade.
For example, there is a player, call her Nancy, whose firm receives a benefit of $3,869 if she has a chair
and $1,081 if she does not. There is a second player, Arnold, whose firm receives a benefit of $13 if he has
a chair and $5 if he does not. After a round of musical chairs, if Arnold has a chair and Nancy does not,
it is in both their interests for Nancy to buy Arnold’s chair. What the price will be is unclear. Depending
on how hard each of them bargains, Nancy could pay Arnold anywhere between $9 and $2,787 dollars to be
allowed to have Arnold’s chair. On the other hand, if after a round of musical chairs Arnold is standing and
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Nancy has the chair, then neither will be interested in trading. Arnold may offer Nancy up to $7 for the
chair, but Nancy should decline.

3.2

Playing the game with the spreadsheet

The first spreadsheet in the Excel workbook, called “generate”, allows the instructor to alter the parameters
of the game (see Figure 2). Cell A2 is the number of students playing the game. The instructor should
update cell A2 to the correct number of participants and then press the “Generate Balance Sheets” button
to print off each individual students payoff sheet. Cell B26 allows the instructor to change the cost function
of emissions, the default of which is 85c2 , where c is the number of chairs (emitters). By altering 85 to some
other number, Cells A34 and A36 will update the optimal number of chairs and tax, respectively.
Each student payoff sheet lists 1) the profits a student’s firm realizes if they have a chair (emit), 2) the
profits a student’s firm realizes if they do not have a chair (do not emit), and 3) the difference between the
two. This difference can be thought of as the firm’s marginal abatement cost. Each student should be given
a payoff sheet and told that it represents their firm. We suggest providing two double sided sheets of a letter
(A4) sheet of paper for a total of four identical pages per student. Once the student payoff sheets are printed
and distributed to students, the instructor then clicks the button “Setup Game” and uses the spreadsheet
“gamesheet” for the rest of the game (see Figure 3). Note that the correct number of players needs to be
determined in advance of clicking “Setup Game”.4
The instructor should dispay the “gamesheet” in the Excel instructor workbook via a projector. We
recommend adjusting the generate sheet to the exact number of players (since not all students may show
up to class) and pressing the “Setup Game” button prior to displaying. The game works well with at least
nine students, and the gamesheet is set up to allow for up to 25 players. If the class is larger than that,
additional students can be spectators of the 25 students playing the game, and by watching may be better
suited to answer the questions the instructor asks throughout the game. The top left of the spreadsheet
displays the cost of each chair and the social cost function of each chair.5 Column B and C list the payoffs
that each student realizes if they have or do not have a chair, respectively. This is then summed at the
bottom of the spreadsheet, which lists the total private benefit, social costs, and social net benefits. Payoffs
for the initial two scenarios are intentionally blacked out. Columns D-F are filled in during the trading game,
and later columns are for taxation based rounds, which are discussed below. To fill in columns D-F, the
instructor will need to go around the room and collect payoffs for each player. Rows 32 and 34-37 are set up
to automatically calculate the total private benefit, social cost, tax revenue, and social net benefit based on
the inputs in Columns D-F and Column H, but row 33 must be filled in by the instructor.
Using the Excel spreadsheet, instructors can show that the total private benefit is maximized when
4 If, for example, the instructor printed off 20 payoff sheets and only 18 students attended the game when is played, then
the final two payoff sheets would need to be discarded. Cell A2 needs to be updated to 18, and then the “Setup Game” button
can be clicked. Once the game has started, additional students may not join.
5 This can be altered at the instructor’s discretion.
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each student emits. However, total social cost is also maximized. This is displayed in Cells B32 and B34,
respectively. If none of the students are allowed to emit, then total social cost falls to zero, but the associated
drop in total private benefit is larger than the drop in social cost, as seen by comparing B32, B34, and B37
to C32, C34, and C37. Therefore, the total social net benefit if everyone pollutes is higher than if no one
does. This is consistent with reality; eliminating all pollution would have disastrous consequences for society
(as shown by Pigou 1920).
Once the trading round is complete, the instructor first records the total number of chairs in Cell D33 for
Round 1 (Cell E33 during Round 2, and Cell F33 during Round 3). Then, the instructor asks each student
about his or her final profit including gains or losses trades. With this information, the instructor fills in the
relevant rows in Column D with each student’s profit (see Figure 3). The order in which the rows are filled in
does not matter. As long as the trading occurred following the rule that all students should maximize profit,
the social net benefit will be higher than before the cap was instituted but no trades had occurred. That
is, instituting the cap improves social welfare, as this addresses the externality. However, allowing agents to
trade creates additional gains, which would be left on the table if the emissions quotas were not tradable.
Make sure that students understand that even though total private benefit decreases as chairs are removed,
the social cost decreases faster because of the quadratic nature of the cost function. This is made clear by
comparing the social net benefits across Row 37 in the spreadsheet.
Next, instructors can repeat the musical chairs game, but only after removing an additional chair or two.
Instructors should allow students to buy and sell the right to the chairs and again determine the total social
welfare. It is important to not carry results from previous rounds forward, and students should record trades
on a fresh ledger sheet. By the second round, students should be comfortable with the buying and selling
of chairs and with determining their firm’s profit. After the second round, net social benefit should increase
again relative to just a quota without tradable permits, once again showing the strength of emissions trading
programs. The students should begin to see that there is an optimal number of chairs. If the cap is too
loose or too stringent, then the net social benefit will not be maximized. Social welfare is maximized when
the quota is equal to the optimal amount of pollution. This will occur when the marginal abatement cost
is equal to the marginal damage and trade is allowed. The figure in the game sheet is useful for illustrating
this point.6 A useful activity is to let the class try to guess the (optimal) number of chairs that maximizes
social welfare.
Students also learn a more fundamental economics lesson after several rounds. First, students will set
their own willingness-to-pay or willingness-to-accept depending on whether or not they have a chair. When
negotiating with other students, this will help them discover how prices are formed when neither the buyer
nor the seller are price takers. Students learn that trading in one’s own interest is sufficient to increase social
welfare with each trade. The instructor should determine the highest price that any student paid for a chair,
and write down that price. As more and more chairs are taken away in subsequent rounds, the highest price
6 Depending

on the level of class, instructors can go into detail about the concave-up nature of the cost function and the
concave-down nature of the benefit function.
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should continue to grow as chairs become a scarcer resource.
The emissions trading result can then be compared to a tax on having a chair. To make this comparison
salient, the instructor should put all the chairs back into play, and explain that each student can occupy a
chair and emit, and receive the emissions profit. However, if a student chooses to emit, then he or she must
pay for the chair - a tax. The instructor should ask students what tax would reproduce the same number of
chairs that the class had with the transferable permits exercise that led to the greatest social welfare. This
tax level is the efficient Pigovian tax. It may take some prompting, but students generally will discern that
the last price paid for a chair during the trading round with the greatest social net benefit is the amount of
the tax. If the tax were lower than the last price paid during trading, then too many students would elect to
pay the tax, sit in chairs, and emissions would be too high. If the tax were greater than the last price paid
during trading, too many students would choose to not emit, abandon chairs, and emissions would be lower
than the optimal amount. In the spreadsheet version of the game, the tax is entered in Cell J2 (see Figure
4).
Students can then choose to either sit in a chair, emit, pay the tax, and receive the emissions profit, or
forgo a chair, not emit, and not have to pay the tax, but receive the non-emissions profit. The instructor
should then ask each student his or her post-tax profits, reminding them to subtract off the size of the tax.
These amounts are entered using column H. If the student is sitting in a chair, then his or her associated cell
in Column I should stay equal to one, as that student must pay the tax. If a student elects to stand, then
the student’s tax cell should be changed to zero. Cells H32-H37 will automatically populate and display the
total private benefits, number of chairs, social costs, tax revenue, and social net benefits. The instructor can
then increase the tax to different amounts, and explain that an emissions trading program with a different
cap can end with a similar level of emissions. It is important that instructors explain that the tax revenue
is ultimately part of the net social benefit. It is also important that students understand that programs
place a cap on the number of permits allowed and the market decides the price, while a tax places a price
on emitting, and the market decides the quantity.

3.3

Playing the game with the app

To access the app, one must first obtain login credentials by visiting the classEx website at“https://classex.de/”,
clicking the “Get Free Login Credentials” button, and filling out the submission form (see Llavador and Giamattei 2017). Note that approval can take up to several days, but is generally granted within 24 hours.
After credentials are granted, instructors and participants can login at “https://classEx.uni-passau.de.” The
approval email granting credentials will include a password for the experimenter/lecturer (instructor) and the
participants (students).7 The players of the game do not have to make an account; any number of students
can use the same participant login password. After logging in, click “repository” near the top of the screen,
7 Note

that the app can be used by a participant of the game on either a computer or mobile phone. Instructors should use
the app on a computer, as the screen can be shown to participants during the game.
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search “For Want of a Chair”, and import the newest version of the game by clicking the plus button. The
game is now playable on the instructor’s home screen and can be played by clicking the “play” button.
The app is straightforward, however, it is crucial that instructors familiarize themselves with its functionality. Fortunately, classEx allows instructors to play mock rounds of the game with up to 30 dummy
participants. Before playing the game with students, we highly recommend instructors play several rounds
of the game until he or she is familiar with the program. To do so, press the “continue” button, and then
click the “test participant” button x times to generate x players. Each of these players can be controlled
from the instructor’s computer, allowing him or her to play through the entire game as if it were in a class.
Once the “play” button has been clicked, participants may enter the game by using the participant login.
Once all students are logged in, the participants should play a game of musical chairs to determine who
has the right to emit. After the chair allocation is established, the instructor clicks the “continue” button.
Each participant’s screen will then ask the student to state whether they have or do not have a chair. Each
student should click their correct state (see Figure 5). Once all players have made their chair declaration, the
instructors clicks the “continue” button. The instructor screen will refresh and proceed to a calculation page.
It is important to wait five seconds before clicking the “continue” button again. The next screen shows the
private benefits, the social costs, and net social benefits of all the players. The instructor should display this
to students, and can ask what effect trading will have. Students should be able to intuit that after trading,
the net social benefit will increase. The instructor then clicks again the “continue” button to begin the first
round of trading.
At this point each participant’s screen will display their profit with a chair, without a chair, and the
difference (see Figure 6). Students are now free to buy and sell their chair as they see fit. The instructor
then tells students with chairs to begin making offers to sell their chair, and students without chairs to make
offers to buy chairs. Students with chairs should not offer less than the difference in profit, and students
without chairs should not offer more than the difference in profit. For standing students, buying a chair is
straightforward. Once they find a player and have agreed upon a price, they should enter the seller’s ID
number (located immediately above the buy/sell button) into the “other” cell, and the dollar amount in the
“offer” cell, and then hit the “buy” button.8 When this occurs, the seller’s screen will change and they will
be able to accept or reject that offer. For sitting students, selling a chair works the same way. Players can
also sell a chair and then buy a different one, and vice-versa, should it be economically profitable to do so.
After each trade occurs, the instructor’s screen will update to reflect the trade. After all trades have
finished, the instructor clicks the “continue” button, and then the drop-down “ok” button to confirm they
wish to end that trading round. After waiting five seconds at the subsequent calculation stage, click the
“continue” button again. Now displayed on the screen are the private benefits, social costs, and net social
benefits both before and after trading. As will be clear, the trading system increased net social benefits. In
subsequent rounds, additional chairs should be removed to allow the net social benefits to be closer to the
8 The

video demo at https://github.com/efenichel/musical chairs shows how to do this.
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optimum. As many additional rounds as desired can be played, and the number of chairs can be altered each
round.
In the unlikely event of the game going awry, it is easy to reset everything. The instructor should click
the “restart game” button and can begin again with the chair allotment. Also, the social cost of each chair
can be altered by clicking the “parameters” button. Finally, the instructor should not over explain the app.
Experience has taught the authors that the functionality will become evident quickly, usually after one round.
It will generally be quickest to start the app with a minimum of instruction, and walk the students through
the first round.
The emissions trading result can then be compared to a tax on having a chair. To make this comparison
salient, the instructor should put all the chairs back into play, and explain that each student can occupy
a chair and emit, and receive the emissions profit. However, if a student chooses to emit, then he or she
must pay for the chair - a tax. If a student chooses to stand, then they realize the non-emissions profit.
The instructor should ask students what tax would reproduce the same number of chairs that the class had
with the transferable permits exercise that led to the greatest social welfare. This tax level is the efficient
Pigovian tax. It may take some prompting, but students generally will discern that the last price paid for
a chair during the trading round with the greatest social net benefit is the amount of the tax. If the tax
were lower than the last price paid during trading, then too many students would elect to pay the tax, sit in
chairs, and emissions would be too high. If the tax were greater than the last price paid during trading, too
many students would choose to not emit, abandon chairs, and emissions would be lower than the optimal
amount.
In the app, the instructor clicks the “Begin Tax Round” button when he or she is finished with the
emissions trading rounds. The instructor then selects the size of the tax they wish to have that round and
clicks the “Continue” button. All participant displays will now state the current tax, the profit with a chair,
and the profit without a chair. Each student then selects whether they want a chair or not. Once all students
have made their selection, the instructor clicks the “Continue” button, waits 5 seconds, and then clicks the
“Continue” button again to proceed past the calculation stage. The instructor’s screen then compares the
results from the tax round to the final round of trading. When the tax is set at the correct level, the net
social benefits from the tax round should be approximately equal to the net social benefits from the trading
round. The instructor can then increase the tax to different amounts, and explain that an emissions trading
program with a different cap can end with a similar level of emissions. It is important that instructors
explain that the tax revenue is ultimately part of the net social benefit. It is also important that students
understand that programs place a cap on the number of permits allowed and the market decides the price,
while a tax places a price on emitting, and the market decides the quantity.
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3.4

Extensions

The game concludes after several rounds of trading. We recommend three rounds of musical chairs plus a
discussion of the tax version of the game because that works well within standard class time constraints.
Additional extensions, however, are also possible. The first is to play additional rounds, but continuing
to lower the cap (number of chairs). Eventually the net social benefit will decrease, as there are too few
emissions permits available and the price for the permits only allows firms with very high benefits of emitting
to be able to afford the chairs. It is worth reiterating that the optimal level of pollution in a society is not
zero, and that if the cap is set too low, then society will suffer.
Another extension is to mention that there is some doubt that the initial allocation of permits does
not affect the final allocation, in contradiction to the Coase theorem (Coase 1960; Hahn and Stavins 2011).
Ask the students what complications they could foresee happening. Why might a firm that is awarded a
permit initially keep a hold of that permit even if they would not purchase a permit had they not been part
of the initial allocation? An important possibility is transactions costs, which violate the Coase theorem.
The instructor could induce transactions cost by restricting trading partners or establishing a trading fee.
Interestingly, in some groups, transaction costs will manifest themselves. Students will sometimes only try
to buy or sell permits from the students immediately around them. If an efficiency increasing trade consists
of two students on the opposite side of the room buying and selling a chair, then the trade might not occur.
Thus, even if the “transaction cost” is only moving across a room to find a student to bargain with, it may
prevent a mutually beneficial trade from occurring. Other possibilities that could be discussed include that
risk adverse firms deciding that they should keep a permit “just in case”, to a firm deliberately wanting to
keep permits away from competitors. There may also be transaction costs in the form of learning-by-doing,
where firms initially are unsure of the optimal amount of permits they need (Hintermann 2010). This can
result in an inefficient allocation.
Other possible extensions can involve any nuances included in current transferable permits programs.
For example, some economists have advocated for a hybrid model, where an ETS allows for free market
buying and selling permits, but a price floor is also placed on a permit, which is currently done in the United
Kingdom as a part of the EU ETS (Goulder and Schein 2013). How could this change the outcome of the
game? How would firms feel about such a restriction? Another facet to some current ETSs is the inclusion of
a “release valve”, where if the price of permits goes too high, more permits are issued. Conversely, a problem
of excess supply of permits, due for instance to an unexpected economic downturn, could also be addressed
by the regulator, via back-loading of permits. Permits could also be banked by firms, and be used in future
periods (Hepburn et al. 2016). Why would these features be included in an ETS? How would firms feel
about it? Private citizens or environmental groups also have the opportunity to buy permits and essentially
remove them from the market. How would that affect the price?
These optional extensions can provide an excellent opportunity for students to see how various policy
options could impact the final allocation of resources. Along with the extensions, instructors can also continue
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the discussion by relating other issues in actual trading schemes. For example, what steps can firms take
to reduce their marginal abatement cost over time? How can regulators ensure compliance? How can they
define the social cost of carbon and the optimal cap? What if multiple schemes are linked, so firms can
trade across wide areas? Or whether carbon credits can be used to purchase carbon offsets in developing
countries? If some firms are polluting in heavily populated areas that cause more damage, how can the ETS
be modified? There are many routes the instructor can take that will show students the complications of
emissions regulation, including extending the social welfare function to include unregulated local pollution
(potentially affected by the “hotspot issue”, cf. Fowlie et al. 2012), allowing students to purchase multiple
chairs, or having several groups trading first within and then across groups,

4

Conclusion

In-class games are a useful way to incorporate learning-by-doing to facilitate learning. By using the emissions
trading game described in this paper, an instructor has an opportunity to reach students who do not learn
best through a traditional lecture format. Our experience suggests that students’ understanding of emissions
trading schemes may be limited when they are only lectured to. While setting a cap on emissions may be
very intuitive, the benefits of allowing emissions trading are not obvious to many. The game works well
with introductory undergraduate and advanced graduate audiences. The authors have used the game for
approximately ten years in settings from freshmen seminars to graduate courses in environmental economics,
in classes as small as nine and as demonstrations in classes of over 150, and in our own courses and as
guest lecturers. In student evaluations, the game is often mentioned as a highlight in the class that helps
cement learning. Furthermore, informal discussions with students makes clear that the learning benefits are
substantial.
After several rounds of the game, students should have a clearer picture of how prices are formed in
a market, the similarities and differences between a tax and a quota, and how emissions trading systems
operate. Traditional lecture often shows prices forming through a simple intersection of a demand and supply
curve, and as students are generally price takers in their own lives, price formation is often simply explained
through “the invisible hand” or a function of the market. By creating a new market and using chairs as a
representation of a scarce good, the emissions permit, students will be able to witness price formation first
hand. By then instituting a tax, students can see how two different policies can have similar results. It is
sometimes unclear to many students how lessons from economics can be implemented in the real world, and
emissions trading schemes represent a great example of economic theory informing public policy. However,
the game goes beyond teaching an important environmental policy instrument, and teaches several important
economic concepts making it suitable in a wide range of economics courses.
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Figures
Figure 1: Chairs as emissions allowances
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Figure 2: Generate Spreadsheet
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Figure 3: Gamesheet Spreadsheet
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Figure 4: Tax Round Spreadsheet
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Figure 5: Participant Chair Selection Screen
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Figure 6: Participant Trading Screen
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