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Abstract

Earlier in my career, prevalent approaches for the emerging field of market design
largely represented experiences and perspectives of leaders of the field who were com-
missioned to design or reform various institutions. Since I was unlikely to be commis-
sioned for any similar task anytime soon as an aspiring design economist, I developed
my own minimalist approach to market design. Using the policy objectives of stake-
holders, my approach creates a new institution from the existing one through a mini-
mal interference with its elements that compromise the objectives. Minimalist market
design initially evolved through my integrated research and policy efforts in school
choice from 1997 to 2005, and in kidney exchange from 2003 to 2007. Given its suc-
cess in school choice and kidney exchange, since then I systematically followed this
approach in many other and often unusual real-world settings. In recent years, my
efforts through minimalist market design lead to the 2021 reform of the US Army’s
branching system of its cadets to military specialties, and to the adoption of reserve
systems during Covid-19 pandemic for allocation of vaccines in 15 states and thera-
pies in 2 states. The same methodology also predicted the rescission of a 1995 Supreme
Court judgment in India which resulted in countless litigations and interruption of
public recruitment for 25 years, as well as the mandates of its replacement. In this
monograph, I describe the philosophy, evolution, and the successful applications of
minimalist market design, and contrast it with the mainstream paradigm for the field.
In doing so, I also provide a paradigm for economists who want to influence policy

and change institutions with their research.
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1 Introduction

Starting with the first spectrum auction of the Federal Communication Commission
(FCQO) in 1994E| last three decades witnessed the emergence of the field of market design; a
tield where researchers in auction theory and matching theory have been playing increas-
ingly active roles in the design and redesign of economic and social institutions. Over the
next decade, other prominent applications of the emerging field included the redesign of
the entry-level matching market for medical doctors in the US (Roth and Peranson, 1999),
the redesign of the school choice mechanisms in Boston and New York City (Abdulka-
diroglu and Sonmez, 2003; |Abdulkadiroglu et al., 2005a,b), and the design of a kidney
exchange clearinghouse in New England (Roth et al., 2004, 2005a,b). Subsequently, the
increasing role of market design in mainstream economics was reaffirmed when Alvin
Roth shared the 2012 Sveriges Riksbank Prize in Economic Sciences in Memory of Alfred
Nobel with Lloyd Shapley for their contributions on “Stable Allocations and the Practice
of Market Design,” Parag Pathak received the 2018 Clark Medal for his contributions on
market design and economics of education, and Paul Milgrom and Robert Wilson shared
the 2020 Sveriges Riksbank Prize in Economic Sciences in Memory of Alfred Nobel for
their “Improvements to Auction Theory and Inventions of New Auction Formats.” Ac-
cording to Jackson! (2013), “this is an area where microeconomic theory has had its largest
direct impact.”

How did market design come to directly affect policy in a wide range of important
areas? Which factors and research paradigms contributed to its success? How can its
policy relevance and effectiveness can be further increased?

In his 1999 Fisher-Schultz Lecture, Nobel laureate Alvin Roth provided his vision on

these questions and made the following call:

“Whether economists will often be in a position to give highly practical
advice on design depends in part on whether we report what we learn,
and what we do, in sufficient detail to allow scientific knowledge about
design to accumulate.”

Roth! (2002)

In this manuscript I respond to Roth’s call, and based on my experiences over the last
25 years, I offer my somewhat unorthodox perspective on some of the factors which con-

tributed to the success of the field. In sharing my experiences and personal perspective on

Key figures in the design of FCC’s spectrum auction includes many auction theorists John McMillan
as a consultant for the FCC, Paul Milgrom and Robert Wilson as consultants for Pacific Telesis, and Preston
McAfee as a consultant for AirTouch Communications (McMillan 1994} McAfee and McMillan|, 1996).
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the field, I also formulate a design framework that is complementary to the mainstream
paradigm for market design. Before I do so in Section I first describe my perception
of the main elements of the mainstream paradigm for the field.

1.1 Mainstream Paradigm for Market Design

According to common wisdom, modern market design is thought of as a field that
builds on traditional mechanism design (Hurwicz, 1960, (1972, |1973) as its main theoreti-
cal methodology, but it puts more emphasis on institutional details, and aims to provide
policy-relevant insights. Assuming self-interested and rational behavior from the partici-
pants, mechanism design a la Hurwicz studies how design of institutions affects behav-
ior of participants along with the outcomes chosen by these institutions. In his 2007 Nobel
Prize Lecture, Eric Maskin identifies mechanism design as the “engineering” side of eco-
nomic theory (Maskin, 2008)E|

Consistent with the common wisdom in the field, in a mutual interview, Roth and
Wilson (2019) identify non-cooperative game theory, cooperative game theory and mech-

anism design as antecedents of market design:

“Designs of auctions and matching markets evolved from the disparate
branches of noncooperative and cooperative game theory. Agents’ pri-
vate information is the main consideration in auctions, and designs focus
on procedures that elicit demands and yield good outcomes. The goal is
to implement Walras and Hayek using Hurwicz’s scheme.

[ - - ] Auction designs often take the set of bidders as a datum, but as Al
describes below, a matching market presents the more formidable chal-
lenge of yielding an outcome so good it attracts participants.”

Roth and Wilson (2019) further summarize the roles of noncooperative game theory, co-

operative game theory, and mechanism design in market design as follows:

“The big lesson of market design is that marketplaces are small institu-

tions in a big economic environment: participants have bigger strategy

2Formally, a mechanism consists of a message space for each participant and a function which selects
an outcome for each message profile. Using various solution concepts from noncooperative game theory,
there are two main approaches in mechanism design. Under the first approach, the focus is on the design
of an optimal mechanism, where optimality typically corresponds to the maximization of a given objective
function subject to various constraints. Under the second approach, the objective is attaining “desirable”
outcomes (represented as a social choice rule) at equilibrium. This segment of mechanism design is known
as implementation theory. See Jackson|(2014) and Jackson! (2001)) respectively for excellent surveys on mech-
anism design and implementation theory.



sets than you can see, and there are lots of players, not all of whom may
even be active participants in the marketplace, but can influence it. So
we needed a way to design mechanisms that had both good equilibrium
properties for the rules we knew about, and good stability properties for
the strategies we didn’t know about.

Thus, the connection between coalitional and strategic models as they can
be used in market design is not as models of different kinds of games, but
as models of a given game at different levels of detail, used for comple-
mentary purposes. For parts of the game that we’re designing, we use
“noncooperative” strategic models to precisely specify actions available
to players. For parts of the game that we don’t have complete control
over, we use “cooperative” coalitional models to tell us something about
the incentives that agents and coalitions of agents may have to circum-

vent the rules.”

Hence, under this perspective, the need for market design emerges mainly in environ-
ments where participants hold private information which may present a barrier to imple-
mentation of desired policies that rely on this information, and where individuals may
hesitate to participate in.

Although they identify game theory and mechanism design as antecedents of market
design, Roth and Wilson|(2019) emphasize that formal analysis plays a less central role in
their vision of market design than these highly rigorous fields:

“Mathematical models themselves play a less heroic, stand-alone role in
market design than in the theoretical mechanism design literature. A lot
of other kinds of investigation, communication, and persuasion play a
role in crafting a workable design and in helping it to be adopted and
implemented, and then maintained and adapted.”

Roth| (2002) identifies the “other kinds of investigation” that are key to a successful
design as experimental and computational economics. The role of these methods in institution
design “to supplement the traditional analytical toolbox of the theorist” is “dealing with
complications” which are not addressed by simple theory.

What about the”communication” and “persuasion” strategies mentioned by Roth and
Wilson which are also key for a successful design? What exactly is the role of these types
of soft skills under this view of market design?

The answer to this question is elaborated in Roth! (2002), where he asserts that “adop-

tion of a design is at least partly a political process.” Thus, the role of these soft skills
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is to navigate this “political” process. Indeed, Roth, (1986, 2015) uses the metaphor of
“whispering into the ears of princes” to describe some of these “communication” and
“persuasion” strategies he identifies as an important element of a successful designﬂ

In summary, the main role of theory in market design under the vision of the field
articulated in Roth and Wilson| (2019) is to provide intuition, a view that is repeatedly

emphasized by many leaders in the field who follow the same paradigm:

“A lesson from this experience of theorists in policy-making is that the
real value of the theory is in developing intuition. The role of theory, in
any policy application, is to show how people behave in various circum-
stances, and to identify the tradeoffs involved in altering those circum-
stances. What the theorists found to be the most useful in designing the
auction and advising the bidders was not complicated models that try to
capture a lot of reality at the cost of relying on special functional forms.
Such theorizing fails to develop intuition, as it confounds the effects of
the functional forms with the essential elements of the model. A focused
model that isolates a particular effect and assumes few or no special func-

tional forms is more helpful in building understanding.”
McAfee and McMillan! (1996))

“Two important lessons that I learned from working on high-stakes auc-
tions are that they operate in an almost infinite variety of contexts, and
that this variety is the reason for the paradoxical importance of including
unrealistic assumptions in models built to understand and illuminate re-
ality. No single set of assumptions is adequate to describe all the various
settings in which auctions are used, and too much specificity in models
can blind the analyst to important general insights.”

Milgrom! (2021)

There is one final aspect of the paradigm described in Roth and Wilson| (2019) which
played an important role in my pursuit of an alternative approach to market design as

a junior design economist. To the best of my knowledge, this paradigm mainly (if not

3The use of soft skills in policy under this view has recently been scrutinized by the critics of market
design. See, for example, the following quote from Weyl| (2020):

“This community focuses its attention on what Roth described as “whispering in the
ears of princes”: providing expert quiet advice to technocratic government officials on
the design of market institutions, largely away from the public eye.”



exclusively) reflects the experiences of leading design economists who were commissioned
to design or reform various institutions.

In the rest of the manuscript, I refer to the institution design paradigm discussed so far
as the mainstream paradigm for market design. Some of the main features of this paradigm

for my purposes can be summarized as follows:

¢ Assuming self-interested agents, the focus is the design of a mechanism that either
optimizes an objective function or attains desirable outcomes at equilibrium.

* The need for design arises due to either private information or participation consider-

ations.
* The main role of theory is to provide intuition.

¢ Details of the design are managed through experimental and computational tech-

niques.

¢ Policy impact is mostly tied to applications in which reputable experts in design

economics are commissioned to organize or reform an institution.

In the next section, I present an alternative institution design paradigm I developed
over the last 25 years with important contributions from several collaborators, most no-
tably from my friends and co-authors Parag Pathak and Utku Unver. In an effort to
overcome a range of barriers detrimental to my policy aspirations as a junior design
economist, earlier in my career, I was motivated to develop this alternative to the main-
stream paradigm. The last feature of the mainstream paradigm, i.e., its exclusive repre-
sentation of the experiences of leading economists from projects they were commissioned
to guide an institution design, was critical in my pursuit of an alternative approach. In
collaboration with various co-authors and partners in the field, I deployed my approach
to inform policy and change institutions in a wide range of real-life settings, and against
all odds, succeeded in my goal in many cases.

In its evolution phase, the core elements of this approach evolved through my inte-
grated research and policy efforts in school choice (Balinski and Sonmez, 1999 Abdulka-
diroglu and Sonmez, 2003; Chen and Sonmez, 2006; Ergin and Sonmez, 2006; Pathak and
Sonmez, 2008, 2013a), and in kidney exchange (Roth et al., 2004, 2005b| 2006, 2007). Most
recently, in various teams, I followed this approach to guide my integrated research and

policy efforts on,

1. analysis and reform of the US Army’s branching process of its cadets to military

occupations (Sonmez and Switzer, 2013; Sonmez, 2013; Greenberg et al., 2023),
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2. analysis of Indian court judgments on affirmative action (Sonmez and Yenmez,
2022a,b; Sonmez and Unver, 2022), and

3. design, analysis, and implementation of pandemic medical resource allocation poli-
cies and procedures during Covid-19 (Pathak et al., 2020d, 2022; Rubin et al., 2021;
White et al., 2022).

1.2 An Alternative Paradigm: Minimalist Market Design

I have been fortunate to play an active role in this exciting field since late 1990s. While
the methodology I adopted in my research and policy efforts in market design has many
overlaps with the mainstream paradigm of the field discussed in Section it also has
some fundamental departures.

My approach to institution design or reform heavily relies on the following two ele-

ments of a potential application:

1. Legitimate objectives of policymakers and other stakeholders in establishing the

institution.
2. The existing structure of the institution.

In my definition, “legitimate” means any publicly stated or implied objective of demo-
cratically elected officials. These objectives may, and indeed they often do, include var-
ious normative objectives that differ from preference utilitarianism. Indeed, many of these
objectives may not even be consequentialist. For example, when a strategy-proof mechanism
was enforced throughout England for allocation of public school seats with a reform of
the Education Code in 2007, the main justification given by the Education Secretary Alan
Johnson was that the old mechanism “forces many parents to play an ‘admissions game’
with their children’s future” (Pathak and Sonmez, 2013a). Thus, strategy-proofness was an
objective of the policymakers not because of its consequences on the outcomes, but rather
because of the values it promotedﬁ

If a goal cannot be articulated in the open, it is not considered “legitimate” under
my deﬁnitionﬂ It is certainly possible that, the existing institution may also be serving
some goals which fall outside my definition of legitimacy. My framework does not rule

out this possibility. Indeed, due to the manner in which the above two particulars of the

4See Section for the details of the 2007 school choice reform in England.
>To be absolutely clear, I do not intend to imply that an objective which cannot be publicly stated is
necessarily illegitimate, although it certainly can be.
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institution are utilized in the design, it may even work better for such applications than
the mainstream paradigm.

Assuming that the existing institution fails the legitimate objectives of policymakers,
as a first step, the root causes of these failures are determined. Subsequently, only in-
terfering with these sources of failures, the existing institution is reformed in a way that
corrects these failures. It is as if a surgeon only removes the unwell part of a body in a
surgery, but otherwise does not operate on the rest of the body. I refer to this design
paradigm as minimalist market design.

My paradigm for institution design or reform is motivated by the following thesis: In
a wide variety of economic, social, and political environments, while stakeholders show
considerable flexibility in various technical details of procedures devised to reach their
decisions, at the same time they also have some strong views on certain objectives. The
tirst and the most critical step of minimalist market design is to identify what these key
policy objectives are, and to what extent the current institution satisfies them. Often, the
history of an institution provides valuable guidance or clues to determine these objec-
tives. Since these objectives often go beyond preference utilitarianism, minimalist market
design accommodates a wide range of normative principles. As such, it is also in line
with [Sen| (1987), who advocates for reconnecting the two origins of economics in “ethics”
(normative origin) and “engineering” (positive origin) which diverged over time with the
rise of neoclassical economics

From a pragmatic perspective, as unlikely as it is to convince policymakers as an out-
sider to abandon their current institution, a design economist may perhaps be able to turn

the tables and convince them by
1. correctly identifying and formulating what matters for various stakeholders,

2. establishing that the current institution design fails to satisfy some of these key ob-

jectives, and
3. providing alternatives that better satisfy the key objectives.

From its inception, a research program guided by minimalist market design is struc-
tured with an eventual aim of informing policy. In that sense, it is a paradigm for inte-
grated efforts in research and policy. It can also be thought of a paradigm based on local im-
provements from the status quo which may harbor a wide range of considerations as well
as compromises between potentially opposing views. Rather than designing a brand new

institution, the main objective is fixing the existing one. This aspect of minimalist market

8Jackson|(2019) credits|Keynes| (1904) for distinguishing positive economics from normative economics.
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design is instrumental to determine which elements of the existing institution are taken
as given, and which ones are in need of modification. Therefore, from a technical point of
view, its methodology helps to formulate the primitives of the analytical model.

Due to the wide range of objectives it accommodates, the formal methodology that
plays the lead role in theoretical analysis under minimalist market design is different than
those typically adopted under the mainstream paradigm. While techniques from game
theory and mechanism design often play key roles in establishing the failures of an exist-
ing institution, an analytical framework that is particularly useful for formulating alter-
natives that escape these failures is the axiomatic methodology (Moulin, (1988, 2004; Thom-
son, 2001, 2011). Hence, another important departure of my minimalist approach from
the mainstream paradigm is the primary role the axiomatic methodology plays in for-
mal analysis, while game theory, mechanism design, experimental, computational, and
empirical techniques assume supporting roles.

Is minimalist market design a competing paradigm for the mainstream paradigm? In
general, I do not think so. I mainly see the two paradigms as complementary. In my opin-
ion, while minimalist market design provides more value than the mainstream approach
in some settings, in others, it does not. On the one hand, if (i) the goals of policymakers
are either vague or they are fully in line with neoclassical approach and (ii) the institution
needs to be established from scratch, then there may not be much of a reason to adopt the
minimalist approach. On the other hand, when there are well-defined policy objectives
and existing tools to implement them, then the reach of the minimalist approach goes be-
yond the boundaries of mainstream paradigm for market design where the main issues
are limited to those which emanate from considerations of private information or vol-
untary participation. Settings with complex normative desiderata is one such direction

where the minimalist approach can be especially valuable. As emphasized in |Li (2017),

“Market design must speak about ethics because policymakers some-

times need help expressing what they want [...]

A policymaker may be familiar with the details of their environment, and
yet not know how to state their ethical requirements in precise terms |[...]

In addition to studying cause and effect in markets, economists also have
a comparative advantage in stating precisely the normatively-relevant

properties of complex systems [...]”

Supporting policymakers with formulation and accommodation of their normative
desiderata has recently been an especially fruitful avenue for design economists. Along

these lines, recent research guided by the minimalist approach generated policy impact
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in the context of pandemic medical resource allocation (Pathak et al., 2020d, 2022) and
received external validity in the context of Indian court judgments on affirmative action
(Sonmez and Yenmez, 2022a), even though private information or participation consider-
ations had little bearing in these applications.

In summary, here is a list of the main features of minimalist market design that differ-

entiate it from the mainstream paradigm:

* Formulating objectives of policymakers and other stakeholders as rigorous axioms,
the focus is on the design of an institution that satisfies these objectives through a

minimal interference with the existing institution.
¢ Often it relies on axiomatic methodology as its primary technique for formal analysis.

¢ Formal theory is the main method for analysis and the role of theory goes beyond

providing intuition.

e It is especially useful in settings in which the “intended” institution is clear, but

finding it requires formalism and technical expertiseﬂ

* It may be particularly valuable for aspiring design economists in settings where the
need for a change is not established.

1.3 Commissioned vs. Aspired Market Design

Why in the world, as a junior design economist, I did not adhere to the mainstream
paradigm, and instead adopted a different approach? As unconventional as it may ap-
pear at first glance, I had valid reasons for my choice of strategy in my pursuit of policy
impact through my research.

As a design economist, policy impact on a cause I believe in has always been a
higher priority for me than publishing my findings in the best scholarly outlets. Con-
sequently, departures between my approach to market design and the mainstream
paradigm emerged out of necessity, due to a key aspect of my policy efforts as a junior
design economist that differs from the earlier contributions in the field.

As I earlier emphasized in Section the mainstream paradigm for market design
largely reflects experiences and insights of leading experts in design economists who
have been commissioned to design or reform various institutions. As a result, the paradigm

’That is, because, in many such settings, the divergence between the intended institution and the one
in place is due to lack of formalism and technical expertise. See, for example, Sonmez and Yenmez (2022a)
for a most apparent example of this.
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these experts propagated captures an approach that may be more informative for settings
in which the need for a change is already established, and input from a design economist
is already sought. Often in these cases the commissioned design economist is trusted with
a great deal of control over various details of the design. Under normal circumstances,
once a design economist is commissioned, policymakers do not expect additional theo-
retical analysis for various details not covered under simple models. Complications that
arise from various details are often managed through experimental and computational
methods (Roth, 2002).

In contrast, my perspective reflects that of an aspiring design economist who offers un-
solicited policy advice as an outsider, and often at the expense of an existing institution.
Not only is the need for a change rarely established or acknowledged in such settings,
but also a critical view from an eager researcher is often deemed undesirable. The depar-
ture of my approach from the mainstream paradigm reflects my pragmatic efforts over
the years to bypass this additional barrier as an aspiring market designer. In order to
achieve this goal, my design had to reflect the aims of policymakers and other stakehold-
ers themselves, without compromising any of these aimsﬁ Essentially, as an aspiring
market designer, I had to convince policymakers and other stakeholders that my design
is better aligned with their aims than the current institution.

In contrast to an expert who is commissioned to guide a reform, a mere intuition pro-
vided by a simplified analysis of an aspiring market designer is unlikely to bear any
fruits, especially if one of the primary aims involves undoing an existing institution. For
such an ambition to hold water, not only must the model of an aspiring market designer
be very realistic, but also her arguments for a reform have to be airtight. Thus, unlike a
commissioned market designer, the formal analysis of an aspiring market designer has
to play a heroic role! Moreover, the aspired reform has to provide a very clear value to
authorities and other stakeholders. This, in turn, requires a thorough understanding of
what really matters to them. Importantly, mainstream economic considerations alone (eg.
preference utilitarianism) may not be sufficient to establish this value. To summarize, to
achieve the ambitious task of undoing an existing institution, an uninvited but aspiring
market designer needs to provide a very clear value for all stakeholders, and must do so
with respect to their actual desiderata and not solely based on mainstream (and typically
preference utilitarian) desiderata in economics. These pragmatic considerations were the

basis of my unconventional approach to market design.

8This challenge is not unique to my policy efforts by any means. For example, when they redesigned
the Israeli Medical Internship Match in 2014, one of the main lessons a team of aspiring market design-
ers reached from their successful efforts was “the ‘Do No Harm’ principle, which states that (almost) all
participants should prefer the new mechanism to the old one” |Alon et al.|(2015).
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Unlike the mainstream paradigm for market design, the existing institution plays a
central role in minimalist market design. A design economist is unlikely to discover every
single policy goal of the stakeholders. However, the existing institution itself may hold
additional information about the system which may be difficult or even impossible to
obtain. That is, even when an existing institution is deeply flawed, it may still reflect
many important aspects of the problem an aspiring market designer may not even be
aware of. A dominant view in market design is that, other things being equal (such as
the potential value offered through the intervention), the closer a proposed reform is to
the actual system that is in place, the higher is the chances that the stakeholders may
be compelled to pursue it. This view reflects itself as the following principle under the
minimalist approach: In proposing a reform, maintain as many elements of the original
institution as possible, and only interfere with elements that are clearly broken with respect
to stakeholders” own objectives, often due to technical Challengesﬂ The aim here is to
present the stakeholders with alternatives that feel very similar to the original institution,
except that they escape the shortcomings of the original one. Ideally, one would like the
central planner to feel as if “this is the institution we intended to design at the first place.”
This is why I identify this approach as one that is minimalist.

The initial role of an aspiring market designer is viewed and presented as one of a
supporter under minimalist market design. The only interference with the existence insti-
tution involves correction or enhancement of its imperfect elements that require technical
expertise. In my experience, not only this approach makes it easier to establish trust, but
it also makes it easier for the stakeholders to “own” an aspired reform. For an aspiring
market designer, following this approach helps to avoid taking any (intentional or un-
intentional) normative position (other than the normative objectives of the stakeholders
themselves) in an initial interaction with likely skeptical stakeholders. Thereby, it helps
them to see that the aspired reform does not harbor any ideological agenda or ulterior mo-
tive. In this regard, providing pro-bono support can be also very valuable (and perhaps

even necessary in some cases) in establishing trust.

1.4 Roadmap for the Rest of the Manuscript

The remainder of this manuscript is organized as follows. In Section |2, I describe the
settings where the minimalist approach may be most useful as an institution design

paradigm, and provide guidance on its effective execution. In 3} I discuss the evolution

9Strictly speaking, such a minimal deviation from the original system must be covered as one of the
proposed alternatives, although it does not have to be the only one.
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of the minimalist market design through my research and policy interactions on school
choice in the period 1997-2005. This section details how my unsuccessful policy attempt
in 1997 to reform the Turkish national college admissions mechanism later influenced my
successful policy intervention to reform the Boston Public Schools student assignment
mechanism over 2003 and 2005. How two subsequent school choice reforms in England
in 2007 and Chicago in 2009 provide external validity to minimalist market design is also
discussed in Section[3] In Section [}, I discuss how our joint efforts with Alvin Roth and
Utku Unver on kidney exchange further contributed to evolution of minimalist market
design. Sections 57| are devoted to recent applications of market design where the mini-
malist approach is followed religiously, and succeeded in informing or influencing policy.
These applications are US Army’s branching process of its cadets to military specialties
(Section[B)), Supreme Court judgments on affirmative action in India (Section ), and pan-
demic medical resource allocation during Covid-19 (Section [/). In Section [} I contrast
minimalist market design with the mainstream paradigm for the field. I conclude in Sec-
tion

2 Advice for an Aspiring Market Designer

The scope of market design is described as follows by the NBER Market Design Working
Group (NBER, 2008):

“Market design” examines the reasons why market institutions fail and
considers the properties of alternative mechanisms, in terms of efficiency;,
fairness, incentives, and complexity. Research on market design is influ-
enced by ideas from industrial organization and microeconomic theory;
it brings together theoretical, empirical, and experimental methods, with
an aim of studying policy-relevant tradeoffs with practical consequences. [Em-

phasis mine]

As emphasized in Section the axiomatic methodology plays a central role in ex-
ecution of minimalist market design. Thomson (2001) describes the key elements of an

axiomatic study as follows:

1. It begins with a specification of problems, and a formulation of a list of
desirable properties for solutions for the domain.

2. It ends with (as complete as possible) descriptions of families of solu-

tions satisfying various combinations of the properties.
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Minimalist market design is a framework for integrated research and policy efforts
where the axiomatic methodology is utilized in a particular Waym Pragmatic considera-
tions due to policy aspirations strongly influence the research program under this frame-
work. As such, this framework can be especially useful for market design studies where
eventual policy impact is a main consideration. In this regards, it is of utmost importance
to emphasize, that, as a policy device, minimalist market design is intended for institu-
tions which are governed by honest and democratically elected officials who have the
sincere goal of improving institutions. Any official or publicly disclosed policy goal of these
democratically elected officials are considered as legitimate, and institutions are improved,
mainly based on these objectives

Alternatively, minimalist market design can also be utilized as an epistemic tool,
which can be used to assess to what extent adopted institutions are in line with officially
stated or publicly known objectives. In this role, any deliberate or unintended deviations
from the legitimate objectives of the institution can also be revealed. An example for this
role of minimalist market design can be seen in Sonmez and Unver (2022) in the context

of a contested Constitutional Amendment in India.

2.1 A Classification of Market Design Applications

The potential of the minimalist approach to lead to a successful institution design that
ultimately informs policy depends on several aspects of the application. The following
three questions can be helpful to assess the potential promise of minimalist vs. main-

stream frameworks to guide a successful design:

1. Is the need for a change in the existing system (if one exists) established or it is
merely aspired by an outsider?

2. Does the proposal involve the introduction of a new system or the replacement of

an existing one?

3. Are all key desiderata of stakeholders consistent with the neoclassical economics,

19The role of axiomatic methodology in market design goes far beyond its central role under minimalist
market design, and it is beyond the scope of this essay. See, for example, Schummer and Serizawa| (2019),
for the role of axiomatic characterizations in market design.

Here, I acknowledge that, the existing institution itself may embed various illegitimate goals in the
system. By maintaining as much of the existing institution as possible, a design guided by the minimalist
approach may also inherit some of these aspects. In applications where the legitimate goals imply a single
design, this cannot happen. However, in applications where there are multiple designs that satisfy the
legitimate objectives, it can. Therefore, the best practice in those cases is to give a complete description of
these institutions. This exercise is referred to as a full characterization in axiomatic methodology.
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or do they include essential ones that remain beyond the scope of neoclassical
paradigm?

While the minimalist approach can also be deployed in applications where a design
economist is commissioned to design a brand new institution or reform an existing one,
the case for it becomes stronger for aspired market design efforts by an outsider, espe-
cially if (i) the efforts require to revoke an existing institution and (ii) the key desiderata
for the stakeholders include ones which are rarely considered by mainstream economists

or some of the institutional details remain outside the scope of neoclassical paradigm.

2.2 A Guide on Execution of Minimalist Market Design

Minimalist market design is most adequate for applications where stakeholders have
clearly stated objectives, and it has two potential roles as a design paradigm.

The first role of the minimalist approach is to serve as a framework that generates re-
alistic advice for institution redesign when the existing system suffers from a number of
shortcomings. Studies that utilize the first role of the minimalist approach include Balin-
ski and Sonmez| (1999); Abdulkadiroglu and Sonmez| (2003) for school choice, Roth et al.
(2004, 2005b|, 2007, 2006) for kidney exchange, Sonmez and Switzer (2013); Sonmez (2013);
Greenberg et al.| (2023) for US Army’s branching process, Sonmez and Yenmez| (2022a,b);
Sonmez and Unver| (2022) for affirmative action in India, and Pathak et al.[(2020d), 2022);
Rubin et al. (2021)); White et al.| (2022) for pandemic medical resource allocation.

The second role of the minimalist approach is epistemic: It serves as a framework
for the formulation and analysis of plausible allocation mechanisms based on the objectives
of stakeholders themselves, whether the existing system is flawed or not. Studies that
utilize the epistemic role of the minimalist approach include Dur et al.|(2018) for Boston’s
neighborhood priority policy in school choice, Dur et al.| (2020) for affirmative action for
Chicago’s elite high schools based on socioeconomic criteria, and |Pathak et al.| (2020a) for
H-1B visa allocation in the US.

The main focus of this manuscript is the first role of my minimalist approach as a tool
for institution design or reform. As such, I next summarize the steps and prerequisites I
consider essential in execution of this framework for this more ambitious role["

Step 1. Find an actual problem: This is a big undertaking. Therefore, following this

framework is plausible only if your scholarly efforts have a counterpart in practice. Can
you explain the problem and your insights on it to your friends who are not academic

12Depending on the application, for example if there is no existing system in place, some of these steps
can be discarded. Similarly, several steps can be discarded if the only aim is analysis.
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economists? Can you imagine writing a news story on these ideas? Naturally, the more

important the problem is, the better!

Step 2. Understand the problem in and out: In order to solve a real-life problem, you
need to understand it exhaustively. If all goes well, at some point you will interact with
authorities and various other stakeholders to advocate for your practical ideas. In many
cases, you may be seen as a “liability” if your efforts expose the limitations of an existing
institution. You will likely interact with authorities who may have designed the “flawed”
institution. They will have all the reasons to discredit and dismiss your efforts. Thus, as a
bare minimum, you need to have a thorough understanding of the topic, so that you may
perhaps have a reasonable expectation to convince the stakeholders that you can rather
be a valuable “asset.” Succeeding in this undertaking requires familiarity not only with
literatures that relate to the application, but also with other relevant materials from the

field. For example, in my collaborations, we

¢ studied dozens of papers in the transplantation literature prior to advocating for a
centralized kidney exchange clearinghouse in New England (Roth et al., 2004),

* absorbed dozens of court rulings prior to proposing a reform of a flawed affirma-
tive action procedure that was mandated by a Supreme Court judgment in India

(Sonmez and Yenmez, 2022a)), and

¢ thoroughly learned the main considerations in medical ethics, public healthcare and
emergency medicine literatures prior to advocating a class of pandemic medical
resource allocation procedures during the Covid-19 pandemic (Pathak et al.,2020d).

Step 3. Formulate a realistic and analytically tractable model: Understanding the
problem in depth is only the beginning. You need to have a model that is reasonably real-
istic. You have to assess which elements of the problem are essential and which features
are superfluous. If you aspire to influence policy through your research, then you need
a model that is both sufficiently realistic and also analytically tractable. This is unfortu-
nately one of the most challenging aspects of integrated efforts on research and policy.
Often the practical problem at hand is so complicated that no sufficiently realistic model
is analytically tractable. Applications of this especially nature include incentive auctions
(Leyton-Brown et al., 2017; [Milgrom), 2017; Kominers and Teytelboym, |2020) and refugee
matching (Delacrétaz et al., 2016; Andersson, 2019; Hadad and Teytelboym, 2022). Such
applications may not be the best candidates to adopt minimalist market design.

Minimalist market design is fully aligned with the following main thesis in Watts
(2017): “Social sciences should be more solution-oriented.” As such, the following quote
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from this paper is also right on the spot for applications which are best candidates of the

minimalist approach.

“Identifying problems that have this ‘Goldilocks” property of being nei-
ther too easy nor too hard is difficult, but one possible direction is to draw
inspiration from engineering, and place more emphasis on building tan-

gible devices and systems that have specific, well-defined properties.”

Step 4. Identify key policy objectives of stakeholders: Issues that are of main interest
for academic economists may not be the same as those that matter in the field. Research
that is conducted without understanding the primary objectives of the stakeholders is
unlikely to generate any insights or practical tools that are of immediate value to them.
Therefore, if one of your primary aims is to generate research that informs policy, then
you have to understand what matters in the field.

The history of an institution often provides important clues on what matters for its
stakeholders. As institutions evolve, various features are introduced to fix certain issues
or to address certain concerns discovered by earlier generations of policymakers. The
current generation may not even be fully aware of the intention behind those concerns
or might not articulate them explicitly as part of their overall objectives. As such, these
features might contain information on some “legitimate” objectives of the policymakers
even though they no longer explicitly state them as objectives.

This brings me to an important warning. Do not assume that the objectives of policy-
makers or stakeholders need to have any resemblance to standard assumptions in neo-
classical economics. At this phase, you really cannot think like a mainstream economist.
Neoclassical analysis largely relies on a preference utilitarian framework. The primary ob-
jective in this framework is maximization of some form of an aggregate measure of pref-
erence satisfaction. Of all my successful market design efforts, however, kidney exchange
is the only one where preference utilitarianism adequately captured one of the key objec-
tives of the stakeholders in the fieldﬁ For this application, there is a very natural and
objectively important welfare measure in the number of lives saved through kidney ex-
changes, and as such, welfare gains presented in Roth et al.| (2004, 2005b, [2007) received
favorable response from transplant surgeons. In school choice, on the other hand, it was
mainly considerations related to incentive compatibility that ultimately led to a series of
reforms advocated in |Abdulkadiroglu and Sonmez| (2003). For the case of pandemic al-
location of scarce medical resources, it was largely equity related considerations that made

13This statement is subject to the following caveat. Since the practice of kidney exchange does not involve
any monetary transfers, the key desiderata in this setting is not utilitarianism, but rather its ordinal variant
Pareto principle (Broome) [2001).
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bioethicists and experts in emergency healthcare endorse and adopt policy recommenda-
tions in Pathak et al.|(2020d)). For the case of India’s affirmative action policies, it was purely
equity related considerations that led to a recent reform parallel to the one advocated in
Sonmez and Yenmez|(2022a). Finally, it was both equity related and incentive compatibil-
ity considerations that played central role in US Army’s reform of its branching process at
West Point and ROTC as advocated in|Sonmez and Switzer| (2013).

One word of caution. There are many settings where you may not be able to clearly
define or translate the objectives of stakeholders. In my view, at least in its first role as
a tool for generating realistic policy advice, the minimalist approach may not hold too

much of a promise for those applications.

Step 5. Determine whether the original institution is a good choice for the key ob-
jectives: Your best bet to receive attention of various stakeholders is to establish that the
existing institution fails at least one of their key objectives. Clearly, if the existing insti-
tution is already a good choice for the key objectives of the stakeholders, then there is no
need for a reform. The broad structure of the framework, however, is still valuable to an-
alyze the existing system. After all, direct policy impact is not the sole aim of researchers

in market design.

Step 6. If the institution in place fails key objectives, then find the sources of these
failures: Even if an existing institution fails some of the most important objectives of the
stakeholders, convincing them to engage in a costly change is not an easy task. In par-
ticular, stakeholders are unlikely to pursue a reform that overhauls the entire institution.
Apart from the increased difficulty and cost of bigger changes, many existing elements of
an institution may serve additional purposes. Hence, it is important to rebuild the insti-
tution by remaining true to its main structure. In order to do that, you need to identify the
sources of the failures. This stage of the process is also useful to optimize your model. For
example, you can set the primitives of the model based on which elements of the existing

institution can be maintained and which elements need to be altered or removed.

Step 7. Interfering only with the sources of failures, design an alternative system
that satisfies all key objectives: If you are able to identify the sources of the failures,
assuming that the key objectives are collectively feasible, then the next step is correct-
ing them. Since you are directly addressing the source of any issue, these corrections
will likely lead to an alternative system that corrects the failures through a minimal in-
terference with the original system. Think of yourself as a “surgeon” who conducts a
“minimally invasive” procedure.

This aspect of the minimalist approach help you to gain trust of various stakeholders.

After all, you are not trashing the entire institution, but instead merely repairing its ele-
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ments detrimental to objectives of the stakeholders. Therefore, your efforts can be easily
interpreted as an improvement of their own institution, thus making it easier for various
stakeholders to “own” your proposed reform.

An additional effort that will help you to gain trust of various stakeholders is to iden-
tify all institutions (such as allocation mechanisms) that satisfy the key objectives of the
stakeholders, rather than focusing only one that satisfies these objectives. In axiomatic
methodology this type of a result is known as an axiomatic characterization of a class of
rules that satisfy the desired axioms@ As later emphasized in Section focusing on
a single institution that satisfies the key objectives of the stakeholders (when there are
many) may potentially introduce certain biases into the system with potentially impor-
tant distributional consequences. By presenting the stakeholders with a complete picture
of what is feasible, you are maintaining informed neutrality between reasonable norma-
tive positions (Li, 2017), thereby making it clear that your recommendation is completely
impartial. In rare cases, there will be a unique rule that delivers the desiderata. This is
considered the gold standard in axiomatic methodology, provided that the axioms all cor-

respond to actual desiderata. Naturally, the desired reform is most clear in those cases.

Step 8. Establish the potential practical value of the alternative system: If you came
this far, then your research is of potential value to stakeholders. Before engaging them
to explore whether they may be receptive of your policy ambitions, it may be a good
idea to support your conceptual and theoretical ideas with experimental, computational
or empirical methods. In addition, it is also a good idea to gather as much field or anec-
dotal evidence as possible to show that your research is relevant. In that regard, media
coverage of your research on a reputable outlet may be especially helpful to convince the
stakeholders to explore the potential value of your research. For example, as later dis-
cussed in section a Boston Globe story on |Abdulkadiroglu and Sonmez| (2003) was
instrumental in securing the initial interaction with officials at Boston Public Schools to
discuss the failures of their Boston school choice mechanism and its two potential alterna-

tives.

This is a good time to approach policymakers or other stakeholders to explore a po-
tential collaboration aimed for transforming your ideas into policy impact.

Step 9. If necessary, tinker on the design with additional input from the stakehold-
ers: Once a partnership is established with authorities, you are no longer bound to many

constraints that directly affected both your research questions and your proposed institu-

l4Gee, for example, Moulin| (1988, 2004), Thomson| (2001} [2011), and [Schummer and Serizawa| (2019).
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tion in Steps 1-8. After all, you are no longer an outsider! If you have additional paths
for further improvements, either due to various elements of the original institution you
did not dare to interfere with or due to feedback from your new collaborators, you can
pursue these ideas as an insider.

Observe that, this last step is fundamentally different than the earlier ones. You can
think of Steps 1-8 as efforts that will hopefully convince policymakers or system operators
that you are a “worthy” partner in this endeavor. As a result, many elements of the
minimalist approach are admittedly “conservative.” The approach in Step 9, however,
need not be as conservative any more. Similarly, the role of theory can also be toned
down in this step. In that sense, there is a potentially stronger role in Step 9 both for
alternative methodologies including those in computational, experimental and empirical
economics. Thus, the open ended tinkering step of institution design in my framework
more or less can be thought as the stage you are essentially “commissioned” to guide the
design

It is important to reiterate that, even if there is a globally optimal institution for the
application, your aim under the minimalist approach is neither finding this optimal insti-
tution nor proposing it to authorities prior to reaching to this tinkering phase. Assuming
that one even exists, an optimal institution may often involve a major departure from the
existing one, thereby making it harder to convince authorities to pursue a reform@ Var-
ious considerations, including delicate issues that are not explicitly discussed, the poten-
tial to upset sensitive balances between interest groups, or even the difficulty of “saving
face” may constrain which institutions authorities may be comfortable to consider. Since
many flawed institutions in the field are also hard to analyze, it may be difficult to com-
pare them with optimal institutions. This is why, as a first (but the most important) step
of an aspired reform process, it is essential to start with a design that is as close as possi-
ble to the original institution. If a partnership with authorities can be established and the

initial reform can be carried out, then it becomes much easier to present more substantial

151t is tempting to associate Step 9 of my framework as the “tinkering” phase of policy design in Esther
Duflo’s influential Richard T. Ely Lecture “The Economist as Plumber” (Duflo} 2017). While this associa-
tion is natural, there are some important distinctions between the roles of the tinkering phase in the two
frameworks. In Duflo’s framework, the role of the tinkering phase is making tweaks in prescribed policy to
correct any issues that may arise in field implementation. Such issues can emerge due to the gap between
the theoretical analysis and the actual problem. Thus, the tinkering phase is particularly valuable in set-
tings where the primary role of theory is building intuition. In my framework, in contrast, there should not
be a mismatch between theory and practice at a level that could lead to any serious issues. The role of the
tinkering phase is further improving the institution with the additional flexibility which might be gained
by the design economist at this stage.

16 An important exception here is applications where the authorities are aware of the necessity of a re-
form, and commissioned the design or redesign of the institution to an expert in economic design.
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deviations from the original institution in later stages of a redesign process. Since major
technical failures of the original institution is removed with the initial reform, at this stage
it becomes much easier to analyze and demonstrate the potential value of larger reforms
by relaxing many other aspects of the original institution. Assuming that a “globally op-
timal” institution exists, one can think of this tinkering phase as an attempt to get closer
to this optimum, potentially giving higher weight to principles that are more prominent

in mainstream economics research.

3 Evolution of Minimalist Market Design: School Choice

Minimalist market design evolved through a series of integrated research and policy ef-
forts on allocation of college seats to students in Turkey (Balinski and Sonmez, [1999) and
school choice in the US (Abdulkadiroglu and Sonmez, 2003; Chen and Sénmez, 2006; Ex-
gin and Sonmez, 2006; Pathak and Sonmez, 2008, 2013a)).

3.1 Research and Policy Efforts on Turkish College Admissions

Balinski and Sonmez| (1999) plays an important role in my career. It was my first research
project where I paid close attention to institutional details, and interacted with authorities
upon completion for possible policy impact. It is my first integrated effort in research
and policy which relied on normative economics to pursue a reform of a major real-life
institution. It was also my first failure in my policy efforts, the earliest one of many to
come, but not without teaching me several valuable lessons that influenced the evolution
of my minimalist approach to market design.

Allocation of school seats based on a standardized test (or another form of an objective
performance measure) is a widespread practice worldwide. At least since my childhood,
this has also been the case in my homeland Turkey, from admissions to competitive sec-
ondary schools to centralized allocation of college seats nationwide. Assuming that there
are no distributional objectives, solution of this resource allocation problem is straightfor-
ward when there is only a single institution with multiple identical seats. The institution
simply admits the highest score students up to its capacity (or all students in case of in-
sufficient demand). The problem is not much harder when there are multiple institutions
that all priority-rank applicants with a single standardized test, and allocate all seats in
the system through a centralized process. In this case, while the presence of multiple
institutions introduces heterogeneity to school seats, there is a simple preference revela-

tion mechanism (i.e., a direct mechanism) which imitates the natural dynamics of a queue.
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Students submit their rankings over all institutions, and the pooled positions of all in-
stitutions are allocated to them one-at-a-time, based on their submitted preferences, and
following their rankings in the standardized test. Once it is any given student’s turn
in the procedure, she is awarded her highest-ranked school which still has an available
seat. This intuitive mechanism is called a simple serial dictatorship (SSD) (Satterthwaite and
Sonnenschein), 1981).

3.1.1 No Justified Envy

Overcoming favoritism and corruption is one of the main reasons why so many countries
or local authorities allocate school seats centrally, using results of objective standardized
tests. This practice increases the legitimacy of the allocation process. As such, respect-
ing the results of the standardized test is typically important for institutions that allocate
school seats in this way. This principle, which is important not only for centralized allo-
cation of school seats but also for priority-based allocation of various other unit-demand
indivisible goods, can be formalized with the following normative axiom.

Definition 1 (Balinski and Sonmez|(1999)). EAn allocation of school seats to students satisfies
no justified envy, if, there is no school s and two distinct students i, j such that,

1. student j is assigned a seat at school s,
2. student i strictly prefers school s to her own assignment, and
3. student i has a higher score than student j for the standardized test for school s.

Clearly, in cases where the axiom fails due to existence of a school s and pair of stu-
dents i, j which satisfy the above given conditions 1-3, student i would have a legitimate
concern, and even perhaps channels available for litigation in some countries.

When priority order of applicants is identical at all institutions, SSD is the only di-
rect mechanism that satisfies no justified envy and Pareto eﬁ‘iciency@ This result supports
the implementation of this mechanism for centralized admissions to prestigious public
middle schools (Anadolu Liseleri) and high schools (Fen Liseleri) in Turkey, at the time
Balinski and Sonmez (1999) was publishedH

7This axiom is called fainess in Balinski and Sénmez| (1999). Referral to this axiom through a lack of
justified envy is first done in |Abdulkadiroglu and Sonmez| (2003), where it is called elimination of justified
envy.

18Throughout the paper, we adopt the following standard convention: For any axiom that is defined for
the outcome of a problem, a direct mechanism satisfies the same axiom if its outcome satisfies the property
at all instances of the problem.

9Since then, at least some of these mechanisms are replaced.
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3.1.2 Multi-Category Serial Dictatorship vs Student-Optimal Stable Mechanism

For college admissions in Turkey, however, the problem is somewhat more complex.
While a single standardized test with multiple sections is used to allocate college seats
nationwide, this test is used to construct multiple rankings of students, where each rank-
ing differs from others in the weights assigned to the sections of the test. The central
planner exogenously maps each college to one of these rankings. For example, the rank-
ing used for engineering schools puts higher weight for mathematics questions than the
ranking used for medical schools. This version of the problem is a bit more complex, be-
cause, evaluation of students relies on multiple rankings. Thus, the mechanism SSD is no
longer fit to solve the problem, as now there doesn’t exist a single list from which to rank
order students.

Turkish authorities, nonetheless, overcame this complexity by repeated implementa-
tion of SSD for each ranking of the students, and the removal of all but the highest-ranking
tentative assignments of students at the end of any phase in case they received seats at
multiple colleges. It is easy to see that this procedure terminates in finite iterations. |Balin-
ski and Sonmez| (1999) refers to the resulting direct mechanism as the multi-category serial
dictatorship (MCSD).

At first glance, this mechanism appears fairly compelling. But, a close inspection re-
veals an equivalence, which in turn raises a red flag. Loosely speaking, MCSD is equiv-
alent to (i) interpreting each ranking of students as the uniform preference relation of
colleges which are mapped to this ranking, and (ii) selecting the college-optimal stable
matching of the induced two-sided matching problem. For any researcher who is familiar
with the seminal work in Gale and Shapley| (1962), this equivalence immediately invites
the following question: Why would authorities use a procedure that generates an out-
come equivalent to the college-optimal stable matching in an environment where colleges
are not agents whose welfare matter, but rather public goods to be fairly rationed? This
line of reasoning also comes with an alternative mechanism as a replacement: Construct
the same “sister” two-sided matching market, but instead select its student-optimal stable
matching. Abdulkadiroglu and Sonmez| (2003) refers to the resulting direct mechanism as
the Gale-Shapley student optimal stable mechanism (SOSM)@

20Balinski and Sonmez| (1999) refers to the same mechanism as the Gale-Shapley student-optimal mechanism.
Since then, most papers in the literature refers to this mechanism as the Deferred Acceptance mechanism. I
am personally not a big fan of this latter terminology, since the student-proposing deferred acceptance algorithm
is only a specific procedure—-one of many-which generates the outcome of this mechanism.
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3.1.3 Theoretical Dominance of the Student-Optimal Stable Mechanism

In a system where the desideratum of no justified envy is indispensible, SOSM has clear
advantages over not only MCSD, but also over any other direct mechanism. For a starter,
it Pareto dominates any other direct mechanism that satisfies no justified envy (Gale and
Shapley, 1962; Balinski and Sonmez, 1999)@ Moreover, its welfare advantage over MCSD
is only one of the reasons why SOSM is better suited for the job. In order to describe two

others, we next formulate four desiderata for this resource allocation problem.

Definition 2. An outcome satisfies individual rationality, if no student is assigned a seat at an
unacceptable school.

Definition 3. An outcome satisfies non-wastefulness, if no school s is left with an idle seat,
unless all students prefer their assignments to a seat at school s.

In addition to no justified envy, SOSM and MCSD both satisfy these two basic desider-
ata. They differ, however, in the following two:

Definition 4. A direct mechanism satisfies strategy-proofness, if no student can ever receive a
strictly preferred assignment by misrepresenting her preferences.

Definition 5. A direct mechanism respects priority improvements, if no student ever receives
a strictly less preferred assignment due to an increase in one or more of her rankings at a school

while the relative ranking of everyone else remains constant.

MCSD is neither strategy-proof , nor does it respect priority improvements. Thus, not only
a student can benefit from misreporting her preferences under MCSD, but also she can
even be penalized under this mechanism due to an increased performance in the stan-
dardized test. In contrast, not only SOSM is the only direct mechanism that satisfies no
justified envy, individual rationality, non-wastefulness, and strategy-proofness (Alcalde and
Barbera, 1994), but it is also the only direct mechanism that satisfies no justified envy, indi-
vidual rationality, non-wastefulness, and respects priority improvements (Balinski and Sonmez,
1999).

3.1.4 Failed Policy Attempt in Turkey and Lessons Learned

As a fresh Ph.D., I was exhilarated upon these discoveries. My model was exact, and, in

my mind at least, the superiority of my proposed mechanism over the mechanism in place

2Importantly, unlike when there is a single uniform ranking of students at all schools, no justified envy
and Pareto efficiency are incompatible in general. Therefore, SOSM is not Pareto efficient unless the problem
has additional structure which ensures this property.
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was clear cut. I had something of value to offer to my homeland. Surely authorities would
welcome my discovery and correct their flawed mechanism, or so I thought. After several
correspondences via mail and a meeting with the head of the centralized clearinghouse
OSYM@I received a formal letter from Ankara that kindly turned down my proposal@

The letter indicated that the leadership at OSYM found academic value in Balinski and
Sénmez (1999)@ They acknowledged that there can be multiple solutions that respects
the cut-off score condition@ MCSD gives one of them, whereas SOSM gives another, and
there can also be other ones. They also indicated that, while in theory the two mecha-
nisms could generate very different outcomes, they saw this as a very low probability
event. They further indicated that, with 1997 data (which includes more than a million
students and thousands of colleges) the two mechanisms generated the same outcome.
They concluded that, in light of their findings, there is no reason to reform their mecha-
nism.

I learned several valuable lessons from this experience. Leadership at OSYM spent
valuable time and resources to explore the merits of my policy proposal. While I failed in
my ultimate objective of making policy impact with my research, my proposal received
serious consideration. Their diligence gave me the hope that, perhaps, next time I might
succeed. Given their emphasis on solutions that respect cut-off scores, I was correct in my
hypothesis that, at least in the Turkish context no justified envy was the most important
desideratum. On the other hand, the authorities did not even comment about the lack of
strategy-proofness, respect for priority improvements, or even the potential Pareto inferiority of
their mechanism. They clearly understood that the two mechanisms can generate differ-
ent outcomes, but since their simulation of SOSM with their most recent data for the 1997
placement generated the exact same outcome as the actual match, they concluded that
the failures I identified must correspond to low probability events.

My two main lessons from this experience were the following:

1. No matter how accurate my model and clean my analysis might be, my theoret-
ical analysis alone will likely not cut it for my policy ambitions, and that I need
to present more concrete value to the stakeholders in order to be able to influence

policy.

2. How good the mechanism I advocate is unlikely to be very important for the au-

220SYM is the acronym for Ogrenci Secme ve Yerlestirme Merkezi, which translates to English as Stu-
dent Selection and Placement Center.

23Gee Figure|l|for a copy of the letter.

24My policy efforts proceeded the submission of my paper for scholarly publication.

2In Lemma 1, Balinski and Sonmez| (1999) shows the equivalence between the no justified envy axiom
and the existence of a list of supporting cut-off scores.
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thorities, unless I also show that their current mechanism is really bad.

Seven years later, these two lessons guided my interactions with the authorities at Boston
Public Schools.

3.2 Initial Research on School Choice

Shortly after Balinski and Sonmez| (1999) was published, I realized that students were
assigned seats at schools annually via similar centralized clearinghouses in the US as
well, not for college admissions, but for K-12 admissions at several major school districts.
This mode of centralized assignment of (typically public) school seats to students was
advocated as an alternative to neighborhood assignment, and it was called school choice.

At first, the school choice problem appeared completely isomorphic to the student
placement problem formulated and analyzed in Balinski and Sonmez (1999), except,
rather than performance at standardized tests, typically other exogenous criteria were
used to determine student priorities at schools. If that was the case, perhaps there was no
room for additional formal analysis. After all, the problem was already solved in Balinski
and Sonmez (1999) with SOSM as its unambiguous winner.

However, after examining the field implementation at several school districts, I ar-
rived to the conclusion that school choice was a bit different than Turkey’s student place-
ment. More precisely, school choice offered more flexibility in its potential solutions, and
in particular, it wasn’t as clear as in Turkey that no justified envy was indispensable as a
desideratum. I arrived to this conclusion because of two reasons.

The first reason was the broad structure of the criteria used to construct priority rank-
ings of students at schools at various school districts. Unlike Turkey, reliance on standard-
ized tests in order to priority rank students at schools was a rare occurrence in the US. In
contrast, factors such as proximity of the home address to the school or the presence of a
sibling already attending a school were among the more common practices in construct-
ing priority rankings of students. When no justified envy is indispensable for a mechanism,
it enforces full compliance to these priority rankings. In Turkey students would spend as
much time preparing for national standardized tests as they would do at their schools
for their education. Thus, it made sense to enforce full compliance to results of these na-
tionwide tests in placement of students to competitive schools. But full compliance for a
priority order at a school that is granted due to a home address or even a lucky lottery
draw in some cases must have been less essential. The second reason was more direct.
Of all student assignment mechanisms in the US we documented at more than a dozen
school districts, there wasn’t a single one that satisfied no justified envy. Presumably, if
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no school district bothered to design a system which abides by this desideratum, it must
have been potentially dispensable.

Based on this discovery, I decided to explore the formal implications of relaxing the
no justified envy axiom. In my mind, the main difference between school choice and stu-
dent placement in Turkish colleges was the possible dispensability of the no justified envy
for the former. The flexibility to drop or relax this axiom was valuable for me due to
the incompatibility between no justified envy and Pareto efficiency that was established in
Balinski and Sonmez| (1999). Naturally, my next objective was the design of a Pareto ef-
ficient mechanism without sacrificing any other plausible property of the SOSM such as
strategy-proofness or respect for priority improvements@

3.2.1 A Pareto Efficient Alternative to SOSM: Top Trading Cycles Mechanism

In order to address a shortcoming of a mechanism, often it is helpful to understand its
source. The incompatibility between no justified envy and Pareto efficiency is due to follow-
ing types of situations: There can be a student i whose priority at a school s is not high
enough to secure a seat at school s, and yet it is high enough to “block” a Pareto improv-
ing trade between a student j who has sufficiently high priority at school s and student k
who has sufficiently high priority at school ¢. If student j prefers school ¢ to school s and
student k prefers school s to school t, due to no justified envy they are unable to engage in
a Pareto improving trade whenever student i has higher priority at school s than student
k@ Thus, the cost of enforcing no justified envy is the loss of these types of Pareto improv-
ing trades between priorities. While trading priorities that are earned via standardized
tests may be implausible, why wouldn’t authorities allow for such trades in an applica-
tion where school priorities are determined by factors such as proximity of the school to
home? This idea immediately provided a natural connection between school choice and
the house allocation with existing tenants model (Abdulkadiroglu and Sonmez, 1999) that
unifies the housing markets model (Shapley and Scarf, |1974) and the house allocation model
(Hylland and Zeckhauser, |1979).

In both Shapley and Scarf (1974) and Hylland and Zeckhauser|(1979), a number of in-
divisible objects, say houses, are allocated to a number of individuals with unit demands.
The difference between the two models is that, Shapley and Scarf| (1974) is a private-
ownership economy where each individual owns a single house, whereas Hylland and

Zeckhauser| (1979) is a collective-ownership economy. The main solution concept for

26For school choice, Pareto efficiency already implies individual rationality and non-wastefulness.
27This observation is also the basis of efficiency-adjusted deferred acceptance mechanism (EADAM) in Kesten
(2010), along with related ideas in |[Ehlers and Morrill (2019) and Reny| (2022).
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housing markets is the core, a single-valued mechanism whose outcome can be obtained
with Gale’s top trading cycles algorithm, famously discovered by David Gale during an
early presentation of the paper by Herbert Scarf (Scarf, 2009). The main solution concept
for house allocation is SSD where houses are allocated one-at-a-time for a given priority
order. We extend these two models in Abdulkadiroglu and Sonmez| (1999), and formulate
a generalized top trading cycles (TTC) mechanism which reduces to core for the special case
of housing markets and to SSD for the special case of house allocation. This version of
TTC allows individuals to trade their priorities over collective-ownership houses (called
vacant houses) with their private houses (called occupied houses). Since priority order
for each collective-ownership house is identical in |Abdulkadiroglu and Sonmez (1999),
there is no use for a trade of priorities between two individuals. In school choice, in con-
trast, priorities are no longer identical at all schools. Thus, we simply adopted the TTC
mechanism developed in |Abdulkadiroglu and Sonmez (1999) by dropping the private-
ownership objects, and introducing heterogeneity for priority orders of schools. The re-
sulting (school choice version of) the Top Trading Cycles (TTC) mechanism simply trades
priorities of students whenever they lead to Pareto improvement. In/Abdulkadiroglu and
Sonmez| (2003), we proposed TTC as an alternative to SOSM for environments where full
enforcement of priorities can be dispensed with.

As a mechanism for school choice, TTC is similar to SOSM in that, it also satisfies in-
dividual rationality, non-wastefulness, strategy-proofness and respect for priority improvements.
On the other hand, TTC differs from SOSM by satisfying Pareto efficiency, albeit at the cost
of losing no justified envy. By Balinski and Sonmez|(1999), SOSM is the clear winner in ap-
plications where no justified envy is indispensable. In Abdulkadiroglu and Sonmez (2003),
we formulated TTC as a main alternative for applications where no justified envy is merely
a secondary desideratum. Since we could not even find a single school district at the time
which used a mechanism that satisfies no justified envy, we saw TTC as a strong contender
against SOSM for school choice in the US.

3.2.2 Boston Mechanism

One of the biggest lessons from my experience with the Turkish authorities was the fol-
lowing: Availability of a good mechanism, even if it is theoretically perfect, is still not
sufficient by itself to convince policymakers to engage in a costly reform. One also has
to establish that the mechanism they use is clearly inferior to the proposed alternatives
based on criteria that matters for the stakeholders. In my earlier interactions with the
Turkish authorities, I simply failed to establish sufficient value for a reform that replaces
MCSD with SOSM. At least with the 1997 data, the outcome of MCSD was the same as
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the outcome of SOSM. In theory, this equivalence could have been an artifact of potential
preference manipulation by the students, but there was no apparent reason (such as field
evidence) to believe that this could be the case. Maybe, I thought, MCSD wasn't too bad
after all... So, I turned my attention to finding real-life mechanisms that are more visibly
flawed according to criteria which are likely to be important for the stakeholders.

Of all mechanisms we documented in |Abdulkadiroglu and Sonmez (2003) at more
than a dozen major school districts in the US, one that stood out was the mechanism
that was used for allocation of K-12 public school seats at Boston Public Schools (BPS).
Indeed, of all mechanisms we documented at the time, this mechanism was the only one
that was implemented in more than one school district. After learning about the history
of this mechanism, we arrived to the conclusion that Boston may likely be the first school
district that adopted this mechanism. As such, we named it as the Boston mechanism@

In terms of its mechanics, the Boston mechanism is one of the simplest direct mecha-
nisms one can imagine for school choice. Under this procedure the outcome of the mech-
anism is determined in several steps, first by assigning seats at the first-choice schools of
students, next by assigning students unmatched from the first step seats at their second-
choice schools, and so on. At every step of the procedure, any given school admits
the highest priority students in consideration until all its seats are awarded. Informally
speaking, the mechanism first handles the first choices, then the second choices, etc., lit-
erally in the most obvious way.

To its advantage, if we take the submitted student preferences at face value, then the
outcome of the Boston mechanism is Pareto efficient. After all, in a very direct way this
mechanism makes it a higher priority to accommodate first choices of students compared
to their their second choices, and it similarly makes it a higher priority to accommodate
any given ranked choices of students compared to their choices that are ranked lower in
their submitted student preferences. But exactly because of the same mechanics, on the
other hand, it also harbors strong incentives for students to manipulate their preferences.
Since the Boston mechanism makes it such a high priority to assign seats at any school to
those students who rank them first in their submitted preferences, it is really not a good
idea for students to waste their first choices with schools they are unlikely to afford due to
their low priorities at their target schools. We soon discovered that we were not the first
ones to make this observation. There were several news stories guiding parents on this

tricky aspect of the Boston mechanism. For example, the following quote is from [Tobin
(2003) 7]

28These days the Boston mechanism is also called the immediate acceptance mechanism.
2For similar statements from school districts that use the Boston mechanism, see [Ergin and Sonmez
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“Make a realistic, informed selection on the school you list as your first
choice. It’s the cleanest shot you will get at a school, but if you aim too
high you might miss. Here’s why: If the random computer selection re-
jects your first choice, your chances of getting your second choice school
are greatly diminished. That’s because you then fall in line behind ev-
eryone who wanted your second choice school as their first choice. You
can fall even farther back in line as you get bumped down to your third,
fourth and fifth choices.”

These discoveries convinced me that school districts which use the Boston mecha-
nism may be more receptive to our reform ideas than the Turkish authorities. But before
making my move, this time I decided to build a much stronger case against the Boston
mechanism than I was able to make against the MCSD. In particular, I decided to explore
to what extent the vulnerability of the Boston mechanism to strategic manipulation affects
its efficiency.

Since the Boston mechanism is not strategy-proof, its efficiency analysis is not a
straightforward exercise. In a laboratory experiment Chen and Sonmez (2006), we ex-
amined both the efficiency and to what extent students are engaged in strategic behavior
for the Boston mechanism and its competitors SOSM and TTC. Our experimental analy-
sis revealed that, while the Boston mechanism is Pareto efficient in the absence of strategic
manipulation, in our designed environment it has lower efficiency than both SOSM and
TTC. Indeed, in our experiment SOSM outperformed not only the Boston mechanism, but
also TTC@ In order to further support the experimental evidence in Chen and Sénmez
(2006), in [Ergin and Sonmez (2006) we also showed that SOSM outperforms the Boston
mechanism in terms of efficiency with a complete information equilibrium analysis of the

latter mechanism.

(2006) for additional news stories, |Abdulkadiroglu and Sonmez (2003) for a statement from the education
literature, and [Pathak and Sonmez|(2008) for meeting minutes of a parents group.

30While SOSM and TTC are both strategy-proof, in our experiment the subjects were not given this im-
portant information. As a result, many of them engaged in strategic behavior under these mechanisms
and reduced their efficiency, but more so for TTC than SOSM. In real-life implementation, it is in the best
interest of a school district to educate participants on the strategy-proofness of these mechanisms. Indeed,
the fact that a school district can suggest students to be truthful without taking any risk is one of the most
important benefits of adopting a strategy-proof mechanism. Hence, by not educating the subjects on the
strategy-proofness of SOSM and TTC, in our experimental setup we analyzed these mechanisms in an envi-
ronment that is unfavorable for them. Despite this treatment, both mechanisms outperformed the Boston
mechanism, thus increasing our confidence that they are likely to be more efficient than the Boston mech-
anism in real-life implementation. There is, however, disagreement on this point in some of the follow up
literature. For example, using approaches from mechanism design, Abdulkadiroglu et al. (2011) argue that
the Boston mechanism can be more efficient than SOSM in some environments.
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3.3 Policy Impact at Boston Public Schools

With the main analysis in Balinski and Sonmez (1999), |Abdulkadiroglu and Sonmez
(2003), the supporting analysis in (Chen and Sonmez (2006), Ergin and Sonmez (2006),
and anecdotal evidence of strategic behavior, we were ready to make our move against
the Boston mechanism. However, it was one additional development that provided us
with the impetus to approach the leadership at BPS for a potential reform of their student

assignment mechanism.

3.3.1 Boston Globe Story on Abdulkadiroglu and Sonmez (2003)

A few weeks after Abdulkadiroglu and Sonmez (2003) was published, a reporter named
Gareth Cook interviewed us about our analysis of the Boston mechanism and its alterna-
tives. The resulting story in the Boston Globe provided us with the perfect opportunity to
approach the leadership at BPS (Cook, 2003).

In preparing his story on |Abdulkadiroglu and Sénmez (2003), Gareth Cook commu-
nicated not only with parents who were frustrated with the Boston mechanism, but also
with the officials at BPS and Boston School Committee. The following quotes are from
this story:

“Officials with the Boston public schools and the Boston School Com-
mittee readily acknowledge that parents are frustrated with the current
system, and officials said at a School Committee meeting this week that
they would make changing the system a priority. [...]

“For every parent who feels frustrated about a policy, there is always a
parent who will feel frustrated about an alternative,” said Christopher
M. Horan, chief of staff for the Boston public schools. Horan said he
was intrigued by the economists” work and considered their suggestion

a serious alternative. [...]

Of course, no new system can create more seats at the most sought-after
schools. But all parents interviewed by the Globe said that it would be a
huge relief simply to write a truthful answer to the question: What school

do you want?

“A lot of the alienation some parents have toward the choice system is
solely attributable to the alienation of not making your first choice your
first choice,” said Neil Sullivan, the father of four children who have at-

tended Boston public schools.”
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3.3.2 Collaboration with Officials at Boston Public Schools

Not only did the Boston Globe story gave a very significant boost for our policy efforts at
BPS, but it also reinforced my belief that I was on the right track on my broader strategy
to influence policy. The vulnerability of the Boston mechanism to strategic manipulability
was indeed a big burden for the families. Thus, the value of our proposed mechanisms
in SOSM and TTC also became more visible with this story. With this important break-
through, it became apparent that this was the right time to communicate with officials at
BPS. In an e-mail message that included the Boston Globe story along with the four pa-
pers Balinski and Sonmez| (1999), Abdulkadiroglu and Sonmez|(2003), Chen and Sonmez
(2006) and Ergin and Sonmez| (2006), I expressed to Superintendent Tom Payzant our de-
sire to collaborate with their office for a potential reform of their school choice mechanism.

After receiving a reply to my e-mail message from Valerie Edwards, then Strategic
Planning Manager at BPS, I had a phone discussion with her explaining our ideas and
underlying motives. The officials at BPS initially seemed to be upset about the mayhem
that was caused with the Boston Globe story, and indicated that they have no funding for
me for these interactions. I tried to convince her that our driving force was a combination
of scholarly and public service oriented pursuits, and that all our efforts are meant to be
on a pro bono basis. My assurances facilitated an invitation to BPS to present the details of
our policy proposal, and its expected benefits to the city. Following the phone discussion,
I invited my co-author Atila Abdulkadiroglu and Alvin Roth to the meeting I secured
with officials at BPS. In October 2003, I gave a presentation on the merits of the potential
reform we propose. Roth joined this meeting with Parag Pathak, who was then a first
year graduate student at Harvard University under his guidance.

During my presentation, it became clear that, more so than anything else, it was the
strategy-proofness of SOSM and TTC that secured this meeting. Given the more clear com-
parison between SOSM and the Boston mechanism due to Ergin and Sonmez (2006), in
this meeting I focused mostly on SOSM as a plausible alternative for BPS. The group at
BPS, however, were very well-prepared for the papers I had sent, and in the meeting they
also inquired about our thoughts on TTC. By the end of this meeting, they were convinced
that the Boston mechanism does not serve the city well, and it likely alters the submitted
preferences. Since the city was using the preference information also to assess the pop-
ularity of its schools, a disconnect between submitted and true preferences were also of
concern for the officials at BPS. They were also convinced that adoption of a strategy-proof
mechanism will increase both the transparency of the system and parental satisfaction.

At the end of the meeting, officials at BPS decided to form a Student Assignment Task
Force to evaluate the city’s assignment process including our proposed reform. The task
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force was formed in December 2003, and submitted its report and recommendations in
September 2004 (Landsmark et al., 2004).

In order to support our proposed reform, officials at BPS also provided us with student
preference data from earlier years under the Boston mechanism, and requested an empir-
ical analysis of the extent of strategic behavior. This analysis, reported in Abdulkadiroglu
et al. (2006), corroborated the presence of strategic behavior under the Boston mechanism,
and used by the city to support the reform. While the task force recommended adoption
of the TTC rather than SOSM, the city at the end decided to adopt SOSM.

3.3.3 2005 School Choice Reform at BPS

In their May 2005 School Committee meeting open to the public, officials at BPS explained
their recommendation to discard the Boston mechanism as follows]]
¢ The current process forces families to STRATEGIZE.
e Strategizing is imperfect because families don’t know:
— what their random number will be.
— what schools other families are choosing.
— how many others they’re competing with.
¢ Assignment becomes a high-stakes gamble for families.
¢ Undermines families’ trust in the BPS system.
¢ Families should not have to sacrifice their true preferences.
¢ Families should be able to be forthright about their choices.
* The system, not families, should compensate for mismatches be-

tween preferences and priorities.

Thus, the vulnerability of the Boston mechanism to strategic manipulation and the
broader implications of this vulnerability dominated the decision to discard this mech-

anism. The key role strategy-proofness played in their recommendation was further em-
phasized as follows@

¢ The current BPS assignment algorithm makes it risky for parents to
rank an over-demanded school first, unless they have a high priority
at that school.

31 This itemization is directly taken from page 14 of an official 2005 BPS presentation to Boston School
Committee (BPS Strategic Planning Team) 2005).

32This itemization is directly taken from page 36 of an official 2005 BPS presentation to Boston School
Committee (BPS Strategic Planning Team) 2005).
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¢ A Strategy-Proof Algorithm:

- Removes the risk from ranking schools in order of true prefer-

ence.
— Eliminates the need for strategizing.

- Adds “transparency” and clarity to the assignment process, by
allowing for clear and straight forward advice to parents regard-

ing how to rank schools.

- “Levels the playing field” by diminishing the harm done to par-
ents who do not strategize or do not strategize well.

Officials at BPS recommended the adoption of a strategy-proof mechanism for several rea-
sons, including the transparency gained with the ability to offer straight-forward advice
to parents, as well as its role to level the playing field for underprivileged parents who
may not be able to strategize well. This last point was later formalized in Pathak and
Sonmez| (2008).

The appeal of adopting a strategy-proof mechanism made SOSM and TTC as natural
replacements for the Boston mechanism. The officials at BPS explained their recommen-
dation of SOSM as follows{|

¢ The Gale-Shapley Deferred Acceptance Algorithm will best serve
Boston families, as a centralized procedure by which seats are as-
signed to students based on both student preferences and their sib-

ling, walk zone and random number priorities.

¢ Students will receive their highest choice among their school choices
for which they have high enough priority to be assigned. The fi-
nal assignment has the property that a student is not assigned to a
school that he would prefer only if every student who is assigned to
that school has a higher priority at that school.

* Regardless of what other students do, this assignment procedure al-
lows all students to rank schools in their true order of preference,
without risk that this will give them a worse assignment than they
might otherwise get.

Thus, the desiderata no justified envy and strategy-proofness were the main reasons for the
BPS recommendation for SOSM.

33This itemization is directly taken from page 37 of an official 2005 BPS presentation to Boston School
Committee (BPS Strategic Planning Team) 2005).
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Finally, officials at BPS explained their hesitation to recommend TTC, despite its
strategy-proofness and Pareto efficiency, as follows@

¢ The Top Trading Cycles Algorithm allows students to trade their pri-
ority for a seat at a school with another student. This trading shifts
the emphasis onto the priorities and away from the goals BPS is try-

ing to achieve by granting these priorities in the first place.

¢ This trading of priorities could lead families to believe they can still
benefit from strategizing, as they may be encouraged to rank schools
to which they have priority, even if they would not have put it on the
form if the opportunity for trading did not exist.

* The behind the scenes mechanized trading makes the student as-

signment process less transparent.

Even when priorities were not earned by standardized exams, officials at BPS were not
comfortable with the idea of trading of priorities. Thus, the failure to satisfy no justified
envy was seen as a handicap for this mechanism. In addition, officials were worried that,
while TTC is strategy-proof, this feature may not be clear to families, and lead them to
engage in strategic behavior. The officials were also worried that the mechanics of TTC
were less transparent than the mechanics of SOSM which can be supported by cut-off
scores.

In June 2005 the Boston School Committee voted to replace the Boston mechanism
with SOSM. The city adopted SOSM starting the next school year, and has been using this
mechanism for allocation of K-12 public school seats since then. The strong role various
axioms played in both the successful policy efforts in Boston and the earlier unsuccess-
ful ones in Turkey played an instrumental role in the initial development of minimalist

market design .

3.4 External Validity for Minimalist Market Design: School Choice Re-

forms in England and Chicago

Following the reform at BPS, and two subsequent reforms in Chicago and England which

had strong parallels, we made the following point in Pathak and Sonmez (2013a):

“The Boston episode challenges a paradigm in traditional mechanism de-

sign that treats incentive compatibility only as a constraint and not as a

34This itemization is directly taken from page 38 of an official 2005 BPS presentation to Boston School
Committee (BPS Strategic Planning Team) 2005).
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direct design objective, at least for the specific context of school choice.
Given economists” advocacy efforts, one might think that this incident
is isolated, and the Boston events do not adequately represent the de-
sirability of nonconsequentialist objectives as design goals. To demon-
strate otherwise, we provide further, and perhaps more striking, evidence
that excessive vulnerability to “gaming” is considered highly undesir-
able in the context of school choice. Officials in England and Chicago
have taken drastic measures to attempt to reduce it, and remarkably the

Boston mechanism plays a central role in both incidents.”

A signature feature of minimalist market design is that it is driven more by axioms
than the mechanisms. At least, not by the good mechanisms design economists advocate
for. It starts with an identification of which desiderata really matters for various stake-
holders, and then proceeds with identification of various failures of the existing mech-
anisms based on these desiderata. The axiom-driven approach is a result of my thesis
that stakeholders may potentially pay attention to alternative good mechanisms only if
this stage in the advocacy process is already reached. I refer to this stage in a potential
redesign as the initial stage of the reform path. In Boston, the officials explored alternatives
to the Boston mechanism only after discovering its vulnerability to preference manipula-
tion. This discovery was the initial stage of the reform path. Subsequently, officials selected
a mechanism that escapes this failure, i.e., a strategy-proof mechanism. This was the sec-
ond stage of the reform path. In my view, this two-stage reform path followed under the
minimalist approach imitates the natural evolution of mechanisms.

Building on our analysis in Pathak and Sonmez (2013a), I will next discuss two subse-
quent reforms that followed the exact same reform path, although, in these cases, without
any involvement of design economists. Due to this strong parallel, these two reforms pro-
vide external validity for my assertion that the minimalist approach “imitates” the natural

evolution of mechanisms.

3.4.1 2007 Ban of the Boston Mechanism in England

In England, the nationwide 2003 School Admissions Code mandated that local authori-
ties, an operating body similar to a US school district, should coordinate student admis-
sions through a centralized mechanism. With the 2003 code, two classes of mechanisms
were recommended. The first of these two classes was the SOSM and its “capped” ver-
sions where the maximum number of schools that can be ranked in student preferences

are limited at a fixed number. The second one was a generalization of the Boston mecha-
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nism called a first preference first system and its capped versions. Four years later, however,
all versions of the first preference first systems including the Boston mechanism were
banned throughout England with the 2007 School Admissions Code. As a result, all local
authorities in England was using variants of SOSM by 2007.

The official justification for the ban of the first preference first system in England was
parallel to the justification given by the BPS officials two years earlier for their recom-
mendation to discard the Boston mechanism. According to the officials at England’s De-
partment for Education and Skills, “the ‘first preference first’ criterion made the system
unnecessarily complex to parents” (School Code 2007, Foreword, p. 7). Moreover, Educa-
tion Secretary Alan Johnson remarked that the first preference first system “forces many
parents to play an ‘admissions game’ with their children’s future.”

Thus, just as in the 2005 school choice reform at BPS, the vulnerability of a mechanism
to strategic manipulability and related concerns has lead to its demise in England as well.
For our purposes, what is most important here is the underlying reform path of the 2007
school choice reform in England. More so than its own virtues, SOSM and its variants
emerged as the primary mechanism in England because of a number of related and im-
portant failures of its main competitor based on desiderata that were important enough
to change the School Admissions Code in England.

3.4.2 2009 School Choice Reform at Chicago Public Schools

A similar reform to those in BPS and England also took place in Chicago in 2009, although
in a more abrupt way. The district abandoned a capped version of the Boston mecha-
nism used for allocation of seats at selective high schools in the middle of the allocation
process in 2009. A few months after the preferences were submitted under the capped
Boston mechanism, but before the placements were announced, officials at Chicago Pub-
lic Schools (CPS) asked the students to resubmit their preferences under a capped version
of SOSM. This incidence was reported in a Chicago Sun-Times story as follows (Rossi,
2009):

“Poring over data about eighth-graders who applied to the city’s elite
college preps, Chicago Public Schools officials discovered an alarming

pattern.

High-scoring kids were being rejected simply because of the order in
which they listed their college prep preferences.

“T couldn’t believe it,” schools CEO Ron Huberman said. “It’s terrible.”
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CPS officials said Wednesday they have decided to let any eighth-grader
who applied to a college prep for fall 2010 admission re-rank their pref-
erences to better conform with a new selection system.”

In addition to the manipulability of the capped version of the Boston mechanism, its fail-
ure of no justified envy was also a major concern in Chicago. Thus, in a redesign where the
reform path parallels those in Boston and England, the failure of the Boston mechanism
to satisfy two desiderata that was deemed critical for the system led to its demise in yet
another major school district, along with the adoption of a variant of SOSM. Remarkably,
these failures must have been so unacceptable that, the officials could not even wait for
the next academic year to correct their mechanism.

3.5 Contrast with 2003 School Choice Reform at New York City

Along with the 2005 school choice reform in Boston, two other successful applications of
matching market design in mid 2000s were (i) a “similar” school choice reform in New
York City (Abdulkadiroglu et al., 2005b) and (ii) the establishment of centralized kidney
exchange clearinghouses in the U.S. (Roth et al., 2005a). Naturally, the success of these
applications, and especially the school choice reforms at New York City and Boston, were
attributed to similar reasons. First focusing on the New York City school reform in this
section and later on the social acceptance of organized organized kidney exchange in
many countries in Section I will argue otherwise. In my opinion, both the reasons
for and also the manner in which they happened are fundamentally different in all three
market design applications.

The key differences between these three applications are related to the classification of
market design applications discussed in Section Unfortunately, the lack of differenti-
ation between the driving forces of these reforms in subsequent literature led to an over
emphasis on the importance of various technicalities at the expense of broader lessons of-
fered by them. Adoption of a design methodology guided by this classification may assist
the efforts of an aspiring design economist who aims to influence policy via research.

In 2002, New York City Department of Education (NYCDOE) faced the following three
issues with the assignment of rising high school students to more than 500 programs
(Abdulkadiroglu et al., 2005b):

1. Of nearly 100,000 students, approximately 30% had been assigned to a school that

was not included in their submitted preference lists.
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2. The system was vulnerable to strategic preference manipulation by the students in

a way that is similar to the Boston mechanism.

3. A number of schools were able to conceal capacity from the central administration,

and preserve seats for allocation outside the system.

Based on these failures, the NYC DOE Director of Strategic Planning contacted the
eminent market designer Alvin Roth in May 2003, and inquired whether the matching
process that was used for the US Medical match could be appropriately adopted for de-
signing a new high-school matching process. Just as the SOSM, the Roth and Peranson
heuristics (Roth and Peranson, [1999) that is used for the US Medical match is also based
on Gale and Shapley’s celebrated individual-proposing deferred acceptance algorithm.
Therefore, by the time a team of market designers were involved in the re-design of the
high school assignment process in New York City, the need for a reform was already es-
tablished, and the authorities were in search of expert opinion to fix their broken system.
Consequently, a leading expert in matching market design was “commissioned” for a re-
design of the system. Moreover, the authorities were already leaning towards adopting a
version of the SOSM.

Since the 2003 New York City high school assignment reform is an example of (what
I refer to as) commissioned market design, the lessons it offers are very different from
those under the 2005 BPS school choice reform. Indeed, with the exception of the final
tinkering phase, all other steps of the institution redesign process I outlined in Section[2.2]
is automatically bypassed under this reform. Apart from the practical value it generated
for the students at New York City, the main contribution of this reform to the market
design literature is twofold: First, it increased the visibility of school choice as a successful
application of the field in earlier phases of market design. Second, it fostered a rich follow
up empirical school choice literature through papers such as|Abdulkadiroglu et al. (2014)
and Abdulkadiroglu et al. (2017).

4 Kidney Exchange

One of the most unexpected applications of market design which contributed to visibility
and success of the field is kidney exchange. Within a few years after the formulation
of the theoretical framework for organized kidney exchange in Roth et al. (2004, 2005b),
2007) and Roth et al.| (2006), our efforts transformed living donor kidney donation in
many countries (Purtill, 2018), and started saving hundreds of lives every year (Rose,
2019). When our co-author Alvin Roth shared the Sveriges Riksbank Prize in Economic
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Sciences in Memory of Alfred Nobel in 2012 with Lloyd Shapley, kidney exchange was
the most prominent theme in the award ceremony speech of Torsten Persson as a member
of the prize committeeﬂ

How did three economists manage to develop the tools for and helped to establish the
infrastructure which regularly touches so many lives? I will next argue that, some of the

key ideas in minimalist market design played a big role in this impact.

4.1 Paired Kidney Exchange and List Exchange

Utku Unver and [ were faculty members at Kog University in Istanbul in early 2000s. Utku
spent the academic year 2002-2003 at Harvard University, visiting Alvin Roth. During his
visit, Roth mentioned that the house allocation with existing tenants model (Abdulkadiroglu
and Sonmez, 1999) has a direct application called “kidney exchange” in healthcare. Our
first joint paper Sénmez and Unver| (2005) happened to be on that very model.

Naturally, the connection of our work to an application in healthcare made us very
excited. Subsequently, we learned that kidney exchange refers to two types of arrange-
ments called paired kidney exchange and list exchange. Both arrangements involve kidney
patients and their willing living donors. But typically due to immunological incompati-
bilities, either blood-type incompatibility or tissue-type incompatibility, a transplant from
a donor and her paired patient is either infeasible or less than ideal. Both types of kidney
exchanges were developed by doctors to bypass this barrier to living donation.

A paired kidney exchange involves an exchange of donors between two kidney patients,
each of whom is incompatible with her own donor, but compatible with the other pa-
tient’s donor. Hence, it is essentially an in-kind gift exchange between two patient-donor
pairs to overcome biological incompatibility. This concept was originally proposed by a
transplant surgeon in |[Rapaport (1986), and it has been practiced in South Korea starting
with early 1990s (Park et al., [1999). The idea gained traction in the US in early 2000s,
after it was declared to be ethically acceptable by the Live Organ Donor Consensus Group
(Abecassis et al., 2000). A handful of paired kidney exchanges were carried out in the
US prior to our involvement in 2004. The biggest challenge was, there was no organized
system or even a database to facilitate these exchanges. In early 2000s, existing routines
to discover paired kidney exchanges were restricted to rudimentary practices such as
discoveries in places like dialysis rooms during discussions between patients and their

donors.

35 Award ceremony speech by Torsten Persson is available in https://www.nobelprize.org/prizes/
economic-sciences/2012/ceremony-speech/,
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A list exchange (also called an indirect exchange) is introduced in Ross and Woodle
(2000), and involves an exchange of a kidney from an incompatible living donor of a
patient and a kidney from the deceased-donor list. The patient receives priority in the
deceased-donor queue if her incompatible donor instead donates a kidney to the queue.
Since it only involves a single patient-donor pair, compared to paired kidney exchange,
a major appeal of list exchange is its organizational simplicity. However, one major ethi-
cal concern pointed out by Ross and Woodle| (2000) was the likely detrimental impact of
this practice on blood-type O patients whose options are restricted to a kidney from the
deceased-donor queue. Patient-donor pairs that have a blood-type O patient are much
more likely to volunteer for a list exchange than pairs with a blood type O donor@ This
is especially worrisome in the US, because blood type O is disproportionately more com-

mon among some minority groups.

4.2 Relation to Abdulkadiroglu and Sonmez (1999)

Upon learning about this very exciting potential application in healthcare, Utku and I
expressed to Roth our interest in pursuing a joint research project with him on kidney
exchange. Roth initially declined our invitation due to two reasons. The first reason was,
he did not believe economists could write this paper by themselves, without an expert
in transplantation. The second reason was, he thought kidney exchange was a direct
application of the house allocation with existing tenants model, and therefore he thought,
there wasn’t much formal analysis left to carry out.

His reservations were perfectly valid. The parallel with Abdulkadiroglu and Sonmez
(1999), discussed in Section [3.2.1} is based on the following observations. From a model-

ing perspective, in the context of kidney exchange,

¢ patients with incompatible (or less than ideal) living donors play a similar role to
existing tenants who desire to receive more-preferred houses than the houses they

currently occupy,
* living donors of patients play a similar role to occupied houses by existing tenants,

* patients in deceased-donor lists who have no living donors play a similar role to

newcomers who do not currently occupy any house, and

36There are four blood types A, B, O, and AB. In the absence of other complications, a blood-type O
kidney can be transplanted to any patient, a blood-type A kidney can be transplanted to patients who have
blood types A or AB, a blood-type B kidney can be transplanted to patients who have blood types B or AB,
and a blood-type AB kidney can be transplanted only to a patients who have blood type AB.
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* deceased-donor kidneys or living-donor kidneys from non-directed donors play a

similar role to vacant houses’]

Despite this strong parallel between kidney exchange and |Abdulkadiroglu and
Sonmez| (1999), Utku and I believed that there was high value to pursue this project. In
our view, kidney exchange was a perfect example of a “Goldilocks” problem. One reason
for our optimism was the ethical concerns due to list exchanges, and the possibility of
modifying the variant of the TTC mechanism in |Abdulkadiroglu and Sonmez (1999) to
address these concerns. Another reason was the value of simulating the number of trans-
plants which could be obtained through an organized system. Finally, after absorbing
a few dozen papers on kidney exchange and kidney transplantation, we were confident
that this project could be pursued by economists alone. We shared our thoughts with
Roth, and suggested that, perhaps he could decide whether he would like to join us in
this project after seeing its first draft.

Roth gave us his blessing to go ahead if we were so determined. Utku and I did some
additional reading on the topic, and started working on formal and computational as-
pects of the model. Ignoring the presence of a baseline model in |/Abdulkadiroglu and
Sonmez| (1999) for a moment, in terms of the fit between the actual application and its
formulation in theoretical research, kidney exchange was a far more challenging applica-
tion of institution design than school choice. Not only did kidney exchange involve far
more details and considerations from more distant fields (eg. transplantation, immunol-
ogy, and medical ethics), there was often no consensus in many aspects of the problem
in their respective literatures@ Therefore, from the beginning, it was apparent that there
was no single best model for kidney exchange.

4.3 First Kidney Exchange Model in Roth, S6nmez and Unver (2004)

In contrast to our objectives in school choice where we advocated for a few very refined
policy recommendations, our focus in kidney exchange at this stage was merely provid-

ing intuition on the virtues of,

1. setting up a database for patient-donor pairs, and

2. organizing kidney exchanges through a systematic mechanism.

%In Roth et al.[(2004), the analog with vacant houses was only given for deceased-donor kidneys. The
same analogy was later introduced for non-directed donor kidneys in [Roth et al.| (2006), which also intro-
duced and advocated for non-simultaneous donor chains initiated by non-directed (a.k.a. good samaritan)
donors.

38For example, as thoroughly discussed in Roth et al|(2004), the literature was unclear on whether a
reduction in HLA mismatch between the patient and donor would increase graft survival or not.
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Our efforts paid off, and after inspecting the first draft, Roth decided to join our
project. Shortly after, we circulated our study in September 2003, and published a shorter
version in Roth et al|(2004). Adopting Abdulkadiroglu and Sonmez (1999) to kidney
exchange, and building on earlier innovations of doctors (i.e., paired kidney exchange
and list exchange), our main contribution in [Roth et al.| (2004) can be summarized as
follows: The number of transplants from kidney exchanges can be increased by several
orders of magnitude, while avoiding any harm to the pool of blood type O patients on
deceased-donor list at the same time@ That is, we could improve upon both of the main
desiderata emphasized in earlier kidney exchange literature in transplantation, by di-
rectly using enhanced versions of innovations in this literature, and merely by organizing
kidney exchanges more efficiently. Therefore, Roth et al.|(2004) can be seen as an exercise
in minimalist market design, albeit the role of axiomatic methodology in its analysis is
not as prominent as in school choice presented in Section

The main root cause of the shortcomings of existing kidney exchange programs were
(1) the absence of a database which contained living donor information, and (2) the lack
of a systematic mechanism to organize these exchanges. A secondary root cause of these
shortcomings was the restriction of both types of kidney exchanges to their simplest forms
that only involve the smallest possible number of patient-donor pairs. For paired kidney
exchange this number is two, and for list exchange it is one. We showed that, the effec-
tiveness of a kidney exchange program could be increased considerably by allowing for
3-way or larger direct exchanges, or adopting larger donor “chains” initiated by volun-
teers of list exchanges. By addressing these shortcomings using their own innovations,
in [Roth et al.|(2004) we presented to members of the transplantation community both a
methodology and a class of mechanisms which together offer significant improvements
on both desiderata discussed in the literature.

% According to UNOS database, during the period 2001-2004, 63 transplants were performed in the US
through pairwise kidney exchanges. In the same period, the number of living-donor kidney transplants
was 25,404 and the number of deceased-donor kidney transplants was 34,801 in the country. Therefore
0.25% of living donor kidney transplants and 0.1% of all kidney transplants were obtained through paired
kidney exchanges in the US in period 2001-2004. These numbers increased orders of magnitude after the
introduction of organized kidney exchange. In period 2019-2022, 4019 living-donor kidney transplants were
due to kidney exchanges in the US. In the same period, the number of all living-donor kidney transplants
was 23,935 and the number of deceased-donor kidney transplants was 72,451 in the country. Therefore, even
though the number of living-donor kidney transplants decreased in the US (likely) due to a considerable
increase in the number of deceased-donor transplants, the number of living-donor transplants from kidney
exchanges increased by a factor of 64. As a result, in period 2019-2022, 16.79% of living-donor kidney
transplants and 4.2% of all kidney transplants were obtained through kidney exchanges in the US. Data
available at https://optn.transplant.hrsa.gov/data/view-data-reports/national-data/.
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4.4 Second Model in Roth, S6nmez and Unver (2005b) and Establish-

ment of New England Program for Kidney Exchange

New England was the first region in the US which embraced kidney exchanges. Ap-
proved by the United Network for Organ Sharing (UNOS) Board of Trustees in the Fall
2000, a kidney exchange program was established in New England (UNOS region 1) in
February 2001 (Delmonico et al., 2004)@ In addition to uncontroversial paired kidney
exchanges, list exchanges were also arranged by the program despite the ethical con-
cerns. Inclusion of the more controversial form of kidney exchange in the program was
defended in Delmonico et al.| (2004) by the following familiar principle:

“This exchange program has a clear utilitarian goal: to have more recip-
ients undergo successful transplantation by expanding the pool of com-

patible live donors.”

Indicative of the concerns of this decision, however, much of the discussion in|(Delmonico
et al.| (2004) involves the precautions taken in the region to mitigate the adverse impact of
the program on blood type O patients on the deceased-donor waiting list.

At this early phase, the program did not collect data on willing living donors of its
kidney patients. As a result, from 2001 to 2004, only 5 paired kidney exchanges were ar-
ranged by the program Roth et al. (2005b)@ Since it only involves a single patient-donor
pair, arranging a list exchange can be expected to be a lot easier. However, a prerequisite
for eligibility for list exchange was to assure that no paired kidney exchange is feasible
between the patient and any other patient registered in all 14 transplant centers in New

England. According to Delmonico et al. (2004),

“The duration that the RTOC [Renal Transplant Oversight Committee]
will wait for a live donor exchange pair to come forward from another

center has not been regulated, although the general practice has been to

40UNOS is the non-profit that oversees organ transplants under contract with the US federal govern-
ment.

41 According to UNOS database, during the period 2001-2004, 10 transplants were performed in New
England through 5 pairwise kidney exchanges. In the same period, the number of living-donor kidney
transplants was 1364 and the number of deceased-donor kidney transplants was 1443 in New England.
Therefore 0.73% of living donor kidney transplants and 0.36% of all kidney transplants were obtained
through paired kidney exchanges in New England in period 2001-2004. These numbers increased by an
order of magnitude after the introduction of organized kidney exchange. In period 2019-2022, 197 trans-
plants were performed in New England through kidney exchanges. In the same period, the number
of living-donor kidney transplants was 1199 and the number of deceased-donor kidney transplants was
2381 in New England. Therefore 16.43% of living-donor kidney transplants and 5.4% of all kidney trans-
plants were obtained through kidney exchanges in New England in period 2019-2022. Data available at
https://optn.transplant.hrsa.gov/data/view-data-reports/regional-data/.
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ask such pairs to wait a minimum of one month, in order to avoid flood-
ing the system with ‘unnecessary’ list exchanges. If no such pair is iden-
tified, the center can proceed with the live donor list exchange process.”

As a result, arranging list exchanges also involved operational challenges in New Eng-
land. Nevertheless, 17 of these exchanges were carried out in New England between
February 2001 and December 2003.

Shortly after the circulation of our paper in September 2003, Roth secured a meeting
with Dr. Francis Delmonico, the Chief Medical Officer at New England Organ Bank. Out
of sheer luck, this meeting was arranged at a time when members of New England trans-
plantation community were open minded about ideas that could improve their relatively
new kidney exchange program. Naturally, members of the transplantation community
had a lot less experience with organizing a system of exchanges than ethical and medical
aspects of the resulting transplants.

During the meeting, Delmonico was intrigued by our simulations, but he expressed
a few reservations about our model. His first reservation was easy to address. Given
the potential number of transplants offered by an organized system, Delmonico did not
think there was any need to include the more controversial list exchanges to the system.
His second and third reservations, however, were more substantial, and they required
additional analysis. Delmonico indicated that, since all procedures in a kidney exchange
must be performed simultaneously by the consensus statement of transplantation com-
munity in|Abecassis et al.| (2000), at that point in time they could only consider two-way
exchanges. In addition, he did not like the notion of patients having preferences over
compatible kidneys. According to Delmonico, the only relevant information on patient
preferences should have been whether a kidney is compatible with the patient or not.

The adjustments needed in our original model to accommodate Delmonico’s reserva-
tions were fairly straightforward. However, at the time, we were not familiar with the
formal techniques that would be needed to analyze this new model. This could have
posed a very serious problem had abstract theory not come to our rescue! Fortunately,
just a few months earlier, economists Anna Bogomolnaia and Hervé Moulin published a
paper on a closely related theoretical model, although under an assumption which pre-
cluded its adoption to kidney exchange (Bogomolnaia and Moulin, 2004). If only we
could provide an analysis for the more general version of the model we needed, we could
then address Delmonico’s reservations. Building on foundational work of |Gallai| (1963,
1964) and Edmonds| (1965, [1971) in discrete optimization, this is exactly what we did in
Roth et al.|(2005b).

The progress we made in our second paper on kidney exchange was well-received by
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the members of New England’s transplantation community, and it formed the basis of
the New England Program for Kidney Exchange (NEPKE) founded by our team of three
design economists along with doctors Francis Delmonico and Susan Saidman (Roth et
al., 2005a). Approved by the Renal Transplant Oversight Committee of New England in
September 2004, NEPKE became the first organized kidney exchange system in the world
which utilized formal techniques from market design and optimization.

4.5 Tinkering Phase: Three-Way Exchanges and NDD-Initiated Chains

In order to operationalize NEPKE, it was necessary to set up a web-based data entry
system which enables each transplant center to enter their own patient and donor infor-
mation to the system. This process and settling the bureaucratic requirements for NEPKE
took about a year. During that period, Utku coded the software for NEPKE using a pri-
ority matching algorithm we formulated in Roth et al. (2005b)@ Even though Delmonico
initially indicated that they could only carry out two-way kidney exchanges in New Eng-
land, for our research purposes, Utku also coded priority matching algorithms that al-
lowed for larger size kidney exchanges.

After NEPKE became operational in 2006, for a few years, New England kidney ex-
changes were determined by Utku'’s software. Every few months, our team would receive
anonymized patient-donor data from NEPKE, and we would run his software to derive
any new kidney exchanges. This was a very exiting period for us. We were literally sav-
ing lives with our ideas. Hence, as soon as anonymized data arrives from NEPKE, Utku
and I would immediately inspect it to guess how many transplants the software would
determine.

In one of these episodes, the number of transplants obtained by the software turned
up one transplant more than we thought it was even feasible when three-way exchanges
are allowed in the system. This observation was a big surprise. At the time, our intu-
ition for maximal-size kidney exchange was due to |[Roth et al.| (2005b), admittedly in a
model which only allowed for two-way exchanges. To offset this caveat, we would then
use some of the technical details in our proofs to estimate the maximum number of trans-
plants if larger-size exchanges are also allowed. This unexpected discovery revealed that
our intuition was apparently incomplete.

Subsequently, we carried out a careful analysis of the impact of allowing for larger-
size kidney exchanges on the number of transplants. Based on this analysis, when we

“2When only two-way exchanges are feasible, a priority matching also maximizes the number of patients
who receives a transplant (Roth et al., 2005b).
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discovered that, due to a formal structure induced by blood types of patients and their

donors,

1. in a large patient-donor pool the maximum number of transplants can be attained

if three-way and four-way kidney exchanges are allowed, and
2. much of these gains over two-way exchanges are due to three-way exchangesﬁ

Given these results, we were able to convince our partners in New England to allow for
three-way kidney exchanges in the system, and published our findings in |Saidman et al.
(2006) and [Roth et al. (2007) ]

Our collaboration with Drs. Delmonico and Saidman also resulted in another impor-
tant discovery. Prior to this collaboration, altruistic donors were not a major source of
livings donor kidneys in the US. Indeed, according to UNOS database, only 8 such trans-
plants were conducted in the US before 2000 However, this number was increasing in
early 2000s, and it offered a possibility to start donor chains with an altruistic non-directed
(NDD) donor, rather than a patient-donor pair who volunteers for list exchange. More-
over, since they do not interfere with the deceased-donor waiting lists, these NDD-chains
were not subject to the same type of ethical concerns which hindered utilization of list
exchanges in NEPKE.

NDD chains also offered another possibility. In their consensus statement , Abecassis
et al. (2000) urged all procedures in kidney exchange to be performed simultaneously,
mainly to avoid a situation where the donor of a pair donates a kidney as part of a donor
exchange, but her intended patient cannot receive a transplant later on, because the other
donor backs out or becomes unavailable. However, this was much less of a concern with
an NDD chain which starts with an altruistic donation. Since all patients receive a trans-
plant before their paired-donor donates it to the next patient in the chain, the worst that
could happen is the chain remaining shorter than it could be. Because of these observa-
tions, we formulated non-simultaneous NDD chains in Roth et al.| (2006). While this idea
was never practiced by NEPKE, it was later embraced by another kidney exchange pro-
gram, Alliance for Paired Donation (APD) launched in 2006 in midwest Due to its logisti-

#3For small pools with 25 patient-donor pairs, the gain was approximately a 30% additional transplants
from kidney exchanges. In large pools with 100 patient-donor pairs, this increase reduced to 20% or so
additional transplants from kidney exchanges.

“With three-way exchanges allowed in our system, a priority matching no longer guaranteed maxi-
mizing the number transplants in the system. Consequently, we adopted an alternative algorithm which
maximized the number of transplants a la Roth et al.| (2007).

#Data available at https://optn.transplant.hrsa.gov/data/view-data-reports/national-data/.

46Starting with 2006, our team also established a partnership with APD. Based on [Roth et al./(2007) and
Roth et al.| (2006), from its inception APD included three-way and four-way exchanges in their allocation
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cal advantages, the role of non-simultaneous NDD chains in kidney exchange programs
considerably increased over time (Agarwal et al.,2019).

4.6 Contrast with 2005 School Choice Reform in Boston

Kidney exchange illustrates that the minimalist approach is also valuable as a method-
ology that provides intuition, in complex environments where a realistic model may be
unattainable. The success of our efforts in kidney exchange, however, must be evaluated
with a number of peculiarities of the application. Two factors, in particular, greatly af-
fected the success of our efforts in kidney exchange. The first one is, the primary desider-
atum for economists—increasing the number of transplants—was also a first order desider-
atum for medical doctors. But perhaps more importantly, we were not trying to replace
an elaborate institution with a new one. On the contrary, we were offering a range of tech-
niques that have potential to increase the value of earlier innovations in transplantation
literature, most notably paired kidney exchange and list exchange, orders of magnitude.

Since we were not critical of an existing institution, we did not risk anything more
than wasting valuable time of medical professionals. In my view, this is one of the main
reasons why our initial model and analysis in Roth et al. (2004)-despite its deviations
from the vision of officials in New England Organ Bank-were not dismissed by Dr. Del-
monico. Instead, he was pleasantly surprised that economists have something useful to
offer, and they suggested us we modify certain aspects of our model to better fit his vision
and constraints on kidney exchange. This guidance resulted in Roth et al. (2005b), which
proved to be far more useful for medical doctors than Roth et al.| (2004), and along with
a number of follow up papers in Saidman et al.|(2006), Roth et al.| (2006) and Roth et al.
(2007), it served as a blueprint for many kidney exchange clearinghouses worldwide to

come.

5 US Army’s Branching Process

Since many elements of minimalist market design imitates the natural evolution of real-
life institutions, my earlier efforts in school choice that shaped this approach were largely
a result of my instincts. The same is also the case for our joint efforts in kidney exchange.

At that early stage in my academic career, I was not consciously following any given

mechanism, and included non-simultaneous NDD chains shortlyuafter. Just as NEPKE's software, the soft-
ware used by APD from 2006 to 2008 was also coded by Utku Unver. See |Anderson et al.|(2015) for the
details of our subsequent partnership with APD.
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framework. Only after observing the similarities between the engineered school choice
reform in Boston and the subsequents natural reforms in England and Chicago, it be-
came clear that the methodology that emerged from my integrated research and policy
efforts over the years may be the basis of a promising institution design framework more
broadly. Consequently, starting with the branching process of cadets to Army branches
in the US in early 2010s, I religiously followed the minimalist approach in several subse-
quent applications of market design. US Army’s branching process of cadets to military
specializations is the first of these applications.

Together with Lieutenant Colonel Kyle Greenberg and Parag Pathak, in Fall 2020, I
guided a reform of the US Army’s branching processes at United States Military Academy
(USMA) and Reserve Officer Training Corps (ROTC), which took effect with Class of 2021
in both institutions. In Greenberg et al.|(2023), we present the first direct application—and
subsequent proof of concept—of the minimalist market design paradigm as a whole. The
focus in Greenberg et al.| (2023) is largely on this final and successful phase of a decade-
long efforts on research and policy on this application. In the rest of this section, in con-
trast, I largely focus on initial phases of my efforts with (then) Major Tobias Switzer which

sow the seeds for this policy impact.

5.1 My Introduction to US Army’s Branching Process

In May 2011, I received an unusual e-mail from Major Tobias Switzer, a young US Air
Force officer who sought my feedback on his master’s thesis (Switzer, 2011) from the
Catholic University of Chile Following the basic structure of Balinski and Sénmez
(1999) and adopting the no justified envy axiom to his framework, Switzer| (2011) stud-
ies the branching process of cadets to military specialties at the United States Military
Academy (USMA)Upon reading his thesis, I observed that the problem he studied was
fascinating and his critique of the mechanism used at West Point (henceforth the USMA-
2006 mechanism) was valid. However, one aspect of the thesis I questioned was the prac-
tical viability of the alternative mechanism proposed in Switzer| (2011). This was a time
when I just learned about the school choice reforms at Chicago and England, and system-
atically started looking at potential applications of institution redesign with a minimalist
mindset. As a result of this mindset, my skepticism of Tobias’s alternative mechanism
was rooted in its deviation from the minimalist approach.

The starting point of Switzer| (2011) is consistent with the minimalist approach:

47 As of this writing, Tobias Switzer is a Colonel at the U.S. Air Force.
48Following the terminology introduced in|Balinski and Sonmez (1999), Switzer| (2011) also refers to the
no justified envy axiom as fairness.
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Switzer| (2011) starts the analysis by identifying a number of key policy objectives for the
Army, and establishes that the USMA-2006 mechanism fails some. However, deviating
from the minimalist approach, in design of an alternative mechanism Switzer (2011) alters
a policy parameter which has nothing to do with the failure of the USMA-2006 mecha-
nism. From a pure academic perspective, there is nothing wrong with this methodology.
Indeed, these types of choices are carried out in other institution design paradigms on a
regular basis. From my perspective, however, this choice was a major barrier against the
policy relevance of his proposal. Therefore, interpreting the proposed mechanism as one

that interferes with an Army policy choice, I made the following point in my e-mail reply:

“If I were to design a mechanism to correct the deficiency, I would have
suggested exactly what you did in terms of the cadet preferences, but I
would have kept the 2 types of positions separate. For the first type of
positions the priority would be based on cadet merit ranking and for the
second type of position the priority would be adjusted based on whether
the cadet is willing to pay the additional price or not. I think this proposal
would have been “close” to the current algorithm and it would have still
handled the deficiencies that you pointed out. In a way, I felt you ad-

justed the mechanism a little too much.”

Subsequently, I learned from Tobias that his proposal was indeed not pursued by the
relevant Army offices. The failures of the USMA-2006 mechanism observed in Switzer
(2011) along with my alternative proposal, the Cadet-Optimal Stable Mechanism (COSM),
resulted in a collaboration between us which materialized in Sonmez and Switzer| (2013).

5.2 History of Branching Process and the BRADSO Incentive Program

Tobias’s research strategy in following the basic structure of Balinski and Sonmez| (1999)
in his thesis made sense, because, there are many similarities between the US Army’s
branching process and the Turkish student placement problem earlier discussed in Sec-
tion Army’s branching process involves assigning USMA cadets to branches in their
senior year. Branching among the 17 Army career specialties (such as Aviation, Infantry,
Military Intelligence, etc.) plays an important role in a cadet’s career progression. Each
fall the Army announces the number of positions available to USMA cadets at each
branch. Prior to 2006, the allocation of these positions was implemented with a simple
serial dictatorship that is induced by a cadet performance ranking called the Order of Merit
List (OML). Let’s refer to this mechanism as SSD-OML. Under SSD-OML, cadets submit

their preference rankings over branches, and the highest OML-ranked cadet receives her
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tirst choice branch, the next highest OML-ranked cadet receives her top choice branch
among the remaining positions, and so on. Therefore, cadet claims over positions at
Army branches simply depended on their performance rankings prior to 2006, a prac-
tice that makes sense given the importance of hierarchy in the Army. Moreover, due to
the importance of trust both among cadets themselves and also between cadets and the
USMA leadership, another key advantage of this mechanism was in its strategy-proofness.
Naturally, a system which allows cadets to be out gamed by other cadets or the system
would not be helpful to foster trust among its participants.

In response to historically low retention rates among junior officers, starting with
the Class of 2006, the Army introduced a second avenue for cadets to receive access to
branches of their choices. The idea was giving cadets elevated priority for a fraction of
positions at any branch of their choices if they would commit for a three years of Ac-
tive Duty Service Obligation (ADSO) in addition to the default five years. This incentive
scheme is known as the Branch-of-Choice (Active Duty Service Obligation) (BRADSO) pro-
gram. Since many senior officers in the Army were against interfering with a system that
purely allocates positions based on performance ratings, this mode of access to branches
was limited to 25% of the positions at each branchﬁ Priority for the remaining 75% of
the positions at each branch continued to be based on the OML.

Naturally, adoption of the BRADSO program required the Army to modify its branch-
ing mechanism. Essentially, the idea was extending their original mechanism SSD-OML
which basically allocates all positions with a single performance ranking in a way that can
accomodate two criteria. Army’s modification was simple. Under the USMA-2006 mech-
anism, in addition to their preferences over branches, cadets were also asked to select a
set of branches for which they would like to invoke the BRADSO program to receive pref-
erential access to the last 25% of the positions. Given the submitted strategies of cadets,
a procedure similar to SSD-OML was used to allocate the positions, except, once the ini-
tial 75% of the positions were assigned at any given branch, the second criteria kicked in

to allocate its remaining positions. A cadet who received a position at a given branch,

#See, for example the following quote from Appendix E of Colarusso et al.|(2010):

“The branch and post incentives also raised concerns. Devoted supporters of the ROTC
and West Point Order of Merit (OML) system for allocating branches and posts objected
that low OML cadets could “buy” their branch or post of choice ahead of higher OML
cadets. Since branch and post assignments represent a zero sum game, the ability of
cadets with a lower OML ranking to displace those above them was viewed by some
as unfair or as undermining the OML system. However, rather than undermining the
legacy system or creating inequities, the branch and post incentives program makes
willingness to serve a measure of merit in branching and posting, thus providing tax-
payers a fair return on their officer accessions investment.”
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say Infantry, was then charged the additional three years of ADSO only if (i) he received
one of the last 25% of Infantry positions and (ii) he volunteered for the Infantry BRADSO
incentive.

As natural as this modification sounds, it has a number of failures that were discov-
ered in Switzer| (2011). Most notably, a cadet could receive a less-preferred outcome than
some of her peers despite having a higher OML ranking, merely because she volunteered
for the BRADSO incentive for her assigned branch. Formally, the USMA-2006 mechanism

fails to satisfy the following natural extension of the no justified envy axiom.

Definition 6 (Switzer (2011); Sonmez and Switzer| (2013)). mAn assignment of branches to
cadets along with their “prices” (i.e., ADSO charges) satisfies no justified envy, if, there is no

branch b and two distinct cadets ¢, d such that,
1. cadet d is assigned a position at branch b at some price t,
2. cadet c strictly prefers branch-price pair (b, t) to her own assignment, and
3. cadet ¢ has a higher OML ranking than cadet d.

The failure of no justified envy under the USMA-2006 mechanism essentially indicates
a failure of integrating two allocation criteria harmoniously in designing an allocation
mechanism. Exactly because of the same failure, the USMA-2006 mechanism also harbors
incentives to game the system, either by misreporting branch preferences or by hiding
willingness for the BRADSO incentives.

The root cause of both failures of the USMA-2006 mechanism is twofold. First, the
strategy space of this mechanism is not sufficiently rich to properly represent cadet pref-
erences. For example, if a cadet volunteers for the BRADSO incentive for her first choice
branch, it still remains unclear whether she prefers her first choice branch at increased
price to her second choice branch at its cheaper base price. Despite this ambiguity, by
considering each cadet for all positions at her first choice before considering her for the
base-price positions at her second choice, the USMA-2006 mechanism de facto operates
as if a cadet who volunteers for the BRADSO incentive for her first choice branch always
prefers an increased-price position at her first choice to the base-price position at her sec-
ond choice. Fortunately, addressing this issue is relatively straightforward with a simple
adjustment of the strategy space of the mechanism. Rather than asking cadets to submit
their preferences over branches along the set of branches for which they volunteer for
the BRADSO incentive, asking them to submit their preferences over branch-price pairs

S0Following the terminology in [Balinski and Sonmez (1999), this axiom is also referred to as fairness in
Switzer| (2011) and Sonmez and Switzer| (2013).
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would fix this issue. The second source of the failures is more subtle. A cadet who vol-
unteers for the BRADSO incentive for a branch pays the increased price whenever she
receives one of the last 25% of its positions, even if she would still receive this position at
the base price without volunteering for the BRADSO incentive. From a technical perspec-
tive, addressing this second issue is more challenging, unless the problem is simplified.

5.3 Alternative Mechanism by Switzer (2011)

In order to address the first source of issues under the USMA-2006 mechanism, Switzer
(2011) amends the strategy space of cadets as we discussed above. That is, cadets sub-
mit their preferences over branch-price pairs under Tobias’s proposed mechanism. The
second source of issues, however, is more complicated as we indicated. Switzer (2011)
addresses this challenge as follows: For each branch, he defines a priority ranking of
cadet-price pairs where

1. any pair with the increased price has higher priority than any other pair with the
base price, regardless of the cadets in these pairs, and otherwise

2. the relative ranking between two pairs with the same price is determined by the
OML.

Observe that, under Tobias’s priority structure all units at a given branch use the exact
same criteria for allocation where the price is always the primary consideration Thus,
the simplification Switzer| (2011) uses to manage the second source of the failures is aggre-
gating the two criteria of the Army into a single priority ranking of cadet-price pairs. As
its outcome function, Tobias’s mechanism then relies on a procedure that is reminiscent
of SSD, except, cadets make their applications to branches together with their intended
prices and branches use the adjusted priorities over cadet-price pairs to evaluate these
applications. Since a cadet can make two applications for any given branch, one at the
base price and another at the increased price, Tobias’s procedure allows branches reject
a cadet who was earlier tentatively admitted with a base price, due to subsequent appli-
cations with the increased price, thereby introducing an iterative structure similar to the
McVitie and Wilson| (1970) version of the celebrated deferred acceptance algorithm (Gale
and Shapley, |1962).

It is easy to see that Tobias’s procedure terminates in finite steps, and the resulting

mechanism satisfies no justified envy and strategy-proofness, thus addressing the failures of

S1This particular design choice by Tobias was the basis of my skepticism for the viability of this mech-
anism for the Army. After all, for the reasons discussed in footnote @9} Army provided the volunteers of
BRADSO incentives with elevated priority only in a fraction of the positions.
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the USMA-2006 mechanism. From a research perspective this is a well-executed thesis.
From a policy perspective, however, Tobias’s proposal strongly interferes with some po-
tentially delicate balances. While at the time I did not know why the Army restricted the
use of the BRADSO incentives to a fraction of the positions, I knew that this policy deci-
sion was unlikely to be arbitrary. Whereas the USMA-2006 mechanism uses two criteria to
allocate the positions, Tobias’s proposed mechanism reduces them into a single aggregate
criterion. That is why I thought this aspect of the mechanism is likely a “deal-breaker,”
and decided to refine Tobias’s mechanism in a way that uses both criteria in exactly the

same way the Army used.

5.4 Relation to Matching with Contracts and Cadet Optimal Stable

Mechanism

One question in my mind was the following: Why did Tobias not use the Army’s dual-
criteria priority structure in his proposed mechanism? After all, the remaining elements
of his mechanism could still be used with this modification, but this mechanism would
be much closer to the USMA-2006 mechanism. Then, I made the following observation
which puts his choice into perspective. The version of the mechanism with the Army’s
dual-criteria priority structure is much harder to analyze than the version with a single
criterion. Indeed, Switzer| (2011) is a special case of the celebrated matching with contracts
model (Hatfield and Milgrom, 2005) where the choice rules for branches that capture
Tobias’s aggregated priority structure satisfy the following well-known condition:

Definition 7. Consider a choice rule C(.) which selects a feasible set of cadet-price pairs from
any set of available cadet-price pairs. Then, choice rule C(.) satisfies the substitutes condition, if,
whenever a cadet-price pair gets selected among a set of pairs, it still gets selected from a set-wise
smaller set due to removal of some other pairs.

Moreover, the outcome function of Tobias’s proposed mechanism reduces to the cumu-
lative offer process by |Hatfield and Milgrom|(2005). Throughout their analysis,|[Hatfield and
Milgrom! (2005) assume that the substitutes condition along with another one called inde-
pendence of rejected contracts (IRC) are satisfied by choice rules of all institutions@ Since
the choice rule at each branch satisfies both conditions under Tobias’s priority structure,
Theorem 4 in Hatfield and Milgrom (2005) immediately implies that the axiom no justi-
fied envy is satisfied by Tobias’s mechanism. Furthermore, since the choice rule at each

52The assumption of the IRC condition is implicit in |[Hatfield and Milgrom| (2005). See |Aygiin and
Sonmez| (2013) for details.
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branch also satisfies another condition called the law of aggregate demand (LAD) under To-
bias’s priority structure, by Theorem 11 in Hattfield and Milgrom)| (2005) his mechanism
also satisfies strategy-proofness.

Under the Army’s dual-criteria priority structure, however, the resulting branch
choice rules no longer satisfy the substitutes condition. The reason is the following: Con-
sider a set of cadet-price pairs that includes both the base-price and the increased-price
pairs for a given cadet c. A branch could select the increased-price option for the cadet and
thus reject the base-price option from this set of pairs, and yet make the reverse selection
rejecting the increased-price option from a set-wise smaller set with less competition. The
tailure of the substitutes condition is the main technical challenge for analyzing Tobias’s
proposed mechanism with the Army’s original priority structure. However, the Army’s

dual-criteria priority structure satisfies the following weaker substitutes condition:

Definition 8. Consider a choice rule C(.) which selects a feasible set of cadet-price pairs from
any set of available cadet-price pairs. Then, choice rule C(.) satisfies the unilateral substitutes
condition, if, whenever a cadet-price pair (c, t) gets selected among a set of pairs where (c, t) is the
only pair that involves cadet c, the pair (c,t) still gets selected from a set-wise smaller set due to

removal of some other pairs.

Thanks to a very important generalization of Hatfield and Milgrom| (2005) by Hat-
tield and Kojima (2010), the cumulative offer mechanism still satisfies no justified envy and
strategy-proofness, provided that choice rules satisfy the unilateral substitutes condition
along with IRC and LAD. Importantly, the branch choice rules induced by the Army’s
dual-criteria priority structure satisfy all three technical conditions (Sonmez and Switzer,
2013). Hence, the cumulative offer mechanism implemented under the Army’s dual-
criteria priority structure is well-defined and well behaved! Thus, a modest change in the
strategy space of the mechanism along with the natural adaptation of its outcome func-
tion recovers all failures of the USMA-2006 mechanism. This mechanism is referred to as
the cadet-optimal stable mechanism (COSM) in|Sonmez and Switzer (2013)), and proposed to
the Army as a minimalist amendment of the USMA-2006 mechanism.

5.5 Failure of Efforts to Reform the USMA-2006 Mechanism

Despite several attempts with related officials, for many years our efforts to collaborate
with the Army for a re-design of their branching mechanism did not succeed. In that
period, my long time collaborator Parag Pathak started teaching my research on Army
branching in his graduate Market Design at MIT, and independently advocated it to
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USMA officials. Several years later, in 2019, I finally learned why the Army initially did
not pursue a potential reform of the USMA-2006 mechanism.

As we discussed in Section the first root cause of the failures of the USMA-2006
mechanism is the following: Its strategy space is not sufficiently rich to capture all details
of cadet preferences over branch-price pairs. But, exactly because of the same reason,
any failure of the no justified envy axiom rooted in this first issue was also “invisible” for
the Army. When a cadet receives his first choice branch at the increased price, but instead
prefers his second choice at the base price, this information was simply unavailable under
the strategy space of the USMA-2006 mechanism. In contrast, the second root cause of
the failures of the USMA-2006 mechanism has more tangible implications. Recall that
the second issue was due to some cadets needlessly paying the increased price under the
USMA-2006 mechanism for their assigned branch even though they would have received
the same branch at its base cost had they not volunteered for its BRADSO incentives.
This issue was more “visible,” because cadets who are adversely affected by this anomaly
could observe that there are lower OML-ranked cadets who receive the same branch at
its base cost. Despite this challenge, however, it could be simply managed by a manual
adjustment of the outcome by foregoing the additional ADSO charge by any affected
cadet.

Therefore, any anomalous outcome under the USMA-2006 mechanism was either in-
visible due to its strategy space, or it could be corrected with a simple manual adjustment.
With cadet preference analysis we carried out several years later, it also became clear that
the scale of these types of failures affected about 2% of the cadets on average under the
USMA-2006 mechanism (Greenberg et al., 2023). Just as the benefits from replacing MCSD
mechanism with SOSM for Turkish colleges admissions were not sufficiently large to jus-
tify a costly reform for the officials many years earlier, the benefits from replacing the
USMA-2006 mechanism with COSM were not sufficiently large to justify a costly reform
of the US Army’s branching system.

5.6 Talent-Based Branching Program and the Redesign of US Army’s
Branching System

It would take several years and Army’s integration of a second program with its branch-
ing system to convince the Army officials that COSM is indeed the mechanism that serves
its policy objectives the best.

In 2012, the Army introduced a Talent-Based Branching (TBB) program which intro-
duced heterogeneity into branch priorities. Under the TBB program, branches rate cadets
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into one of three tiers, high, medium, and low. Until 2019, these ratings remained a pilot
initiative. For the Class of 2020, the Army decided to integrate them into the branching
process, constructing priorities at each branch first by the tier and then by the OML within
the tier. In order to avoid undermining the TBB program with BRADSO incentives, cadets
who volunteered for the BRADSO incentives at a branch only received higher priority
within their own tier for the branch. Since USMA-2006 mechanism was not equipped to
accommodate these changes, a new mechanism was designed and implemented for the
Class of 2020. We refer to this mechanism which only survived one year as the USMA-
2020 mechanism.

Under the new mechanism the Army maintained the same strategy space as in pre-
vious years. Using an adjusted priority order of cadets that takes both TBB ratings and
increased-price willingness into consideration, the new mechanism used the individual-
proposing deferred acceptance algorithm (Gale and Shapley, (1962) to determine the
branch assignments. As for the ADSO charges, following the reverse-priority order of
cadets at any given branch and subject to a cap of 25% of the positions, cadets who volun-
teer for the BRADSO incentives are charged the increased price, and the rest of the cadets
are charged the base price.

In addition to inheriting the same root causes of the failures of the USMA-2006 mech-
anism, the USMA-2020 mechanism was also plagued by a third one: Even though the
number of positions allocated via the BRADSO program was kept at 25% of the total
capacity at each branch, cadets received elevated priority for all its positions upon vol-
unteering for BRADSO incentives. While this design choice made it possible to accom-
modate the heterogeneity in branch priorities by using the vanilla version of the deferred
acceptance algorithmﬂ it also resulted in a more problematic version of no justified envy
failures that could not be manually corrected. To make the matter worse, the same issue
also introduced a second type of incentive compatibility failure. Not only volunteering
for BRADSO incentives could still hurt cadets just as in the USMA-2006 mechanism, it
could also profit them under the USMA-2020 mechanism due to receiving elevated prior-
ity at a branch without paying the increased price. The end result was a mechanism that

is highly complex to participate in, and one with more widespread and costly failures.

3Indeed, the following quote from the U.S. Army News story O’Connor|(2019) suggests that, the design
of USMA-2020 mechanism was inspired by the NRMP’s medical match:

“The cadets’ branch rankings and the branches’ cadet preferences will then determine a
cadets’ branch using a modified version of the National Resident Matching Program’s
algorithm, which won a Nobel Prize for Economics in 2012 and pairs medical school
graduates with residency programs.”
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Before a formal analysis was carried out by our team, the USMA leadership already
recognized these issues with the USMA-2020 mechanism. A major concern emerged as an
erosion of cadets’ trust in the Army’s branching process due to a visible lack of incentive
compatibility especially for over-demanded branches such as Military Intelligence, and
tailures of no justified envy especially when they are not manually corrected ex-post. To
mitigate these concerns, the USMA leadership decided to execute a dry run of the USMA-
2020 mechanism to inform cadets of the potential cutoffs for each branch.

As emphasized in the following quote from a September 2019 U.S. Army news article
O’Connor| (2019), the goal of the dry run was to improve transparency and help cadets to

optimize their submitted strategies:

“We're going to tell all the cadets, we're going to show all of them, here’s
when the branch would have went out, here’s the bucket you're in, here’s
the branch you would have received if this were for real. You have six
days to go ahead and redo your preferences and look at if you want to
BRADSO or not.” Sunsdahl said. “I think it’s good to be transparent. I
just don’t know what 21-year-olds will do with that information.”

The same quote, however, also indicates that USMA leadership recognized the challenges
in cadets optimizing their strategies under the USMA-2020 mechanism. Given the chal-
lenges of the new mechanism, at this stage, the Army established a collaboration with our
group for a redesign of their branching mechanism, with Lieutenant Colonel Kyle Green-
berg leading the reform efforts at USMA. Whereas the USMA-2006 mechanism was not
bad enough to justify a costly reform of the Army’s branching system, the USMA-2020
mechanism was.

Starting with the Class of 2021, our collaboration with the Army resulted in the adop-
tion of COSM at USMA with Army’s dual-criteria priority structure (Greenberg et al.,
2023). Pleased with the new mechanism, the Army also decided to adopt it for the Re-
serve Officer Training Corps (ROTC), the second main program the US Army relies on to
recruit and train its officers@ Systematically following all its elements since its inception
in 2011, our joint research and policy efforts to reform the US Army’s branching system

serves as a proof of concept for the minimalist approach (Greenberg et al., 2023).

>4S6nmez (2013) shows that the shortcomings of the previous ROTC branching system are more severe
than under the USMA-2006 mechanism.
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6 Formulation and Implementation of Normative Criteria:

Equitable Allocation of Public Positions in India

One of the technical challenges Army officials faced integrating BRADSO incentives with
the branching system was the need to design a mechanism which allocates some positions
with one criterion, and others with a second. While officials had no difficulty rigorously
defining and implementing allocation policies based on a single criterion, using a second
criterion to allocate some of the positions proved to be a formidable task. This type of
challenge in designing real-life allocation mechanisms is not peculiar to Army officials.
Technical aspects of mechanisms such as the Army’s branching system are fairly com-
plex, and expecting a fully satisfactory design from officials who have no expertise in
design economics is hardly a reasonable expectation. This is one of the reasons why it is
important for academic market designers not to restrict their focus on general economic
principles such as preference utilitarianism. Formulation, analysis and implementation
of various normative criteria is an important direction where market designers can, and
indeed have been providing useful guidance in various field applications. As it is empha-
sized in [Li| (2017)),

“Market design must speak about ethics because policymakers some-
times need help expressing what they want. [..] A policymaker may
be familiar with the details of their environment, and yet not know how

to state their ethical requirements in precise terms.”

And even when they do, policymakers or other decision makers are not trained to design
mechanisms which abide by ethical or other forms of principles. And yet, they design
such systems all the time. For example, despite their lack of expertise in formal analysis,
the justices in India have been formulating the normative principles that guide the affir-
mative action policies of the country for decades. Indeed, in many cases they even design

the mechanisms which are meant to implement these principles.

6.1 Affirmative Action in India

Our next application pertains to one of these cases, where a flawed design that was man-
dated by a Supreme Court judgment Anil Kumar Gupta (1995) resulted in countless law-
suits in the country, before it was corrected after 25 years in a subsequent judgment Saurav
Yadav (2020) of the Supreme Court. The judgment in Saurav Yadav (2020) provides exter-
nal validity for the minimalist approach, for it parallels policy advice earlier provided in

Sonmez and Yenmez (2022a).
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Affirmative action for various disadvantaged groups is embedded into the 1950 Con-
stitution of India through articles 14—18@ In field applications, these protective policies
are implemented through a reservation system which sets aside a certain fraction of posi-
tions in public jobs and seats at public schools for various protected groups. Naturally,
the Constitution itself does not provide any rigorous formula to implement these policies.
Nevertheless, in a landmark Supreme Court judgment Indra Sawhney (1992), the justices
formulated these provisions in a rigorous way, at least for the more basic versions of the
reservation systemﬁ

Throughout Section [6|, we restrict our attention to the version of the problem stud-
ied in Sonmez and Yenmez| (2022a)), where a public institution allocates several identical
positions based on merit scores of applicants along with their memberships in protected
groups. In the absence of affirmative action, this problem reduces to the most basic single-
school version of the student placement problem we discussed in Section and there-
fore it has a straightforward solution through a simple serial dictatorship induced by merit
scores. This simple mechanism is adjusted in India to accommodate two types of affir-
mative action policies, a primary policy called vertical reservations (VR) and a secondary
policy called horizontal reservations (HR)@

6.2 Vertical Reservations, Migration and the Over-and-Above Choice
Rule

Under the VR policy, a fraction of the positions are exclusively set aside for each of a num-
ber of protected groups. Unlike the VR-protected positions, the remaining open-category
(or open) positions can be awarded to any applicant.

Up until the 103rd Constitutional (Amendment) Act, 2019, the target groups for the pri-
mary VR policy were restricted to groups whose members had suffered marginalization
and discrimination based on their hereditary social (i.e., caste or tribal) identities. These
groups are mainly Scheduled Castes (SC), Scheduled Tribes (ST) and Other Backward
Classes (OBC). From a technical point of view, the social identity based vertical reser-
vation system meant that no individual could be a member of multiple VR-protected
groups. While VR protections are also provided to individuals in economic disability

since 2019 with the enactment of the 103rd Amendment/S|members of the earlier and so-

This segment of the Constitution is referred to as Equality Code in India.

Considered the main reference on the reservation system in India, this case is popularly known as the
Mandal Commission case.

The VR policy is referred to as reservations proper in paragraph 95 of Indra Sawhney (1992).

8This more recent vertical category is called Economically Weak Segments (EWS.)
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cial identity based VR-protected groups are excluded from its scopeﬂ thereby still main-
taining the non-overlapping structure of VR-protected groups in the country.

The defining property of the VR policy is formulated as follows in Indra Sawhney
(1992)FY]

“It may well happen that some members belonging to, say Scheduled
Castes get selected in the open competition field on the basis of their own
merit; they will not be counted against the quota reserved for Scheduled

Castes; they will be treated as open competition candidates.”

Therefore, this key mandate from the Supreme Court assures that the VR-protected posi-
tions are allocated to members of their target groups who truly need positive discrimina-
tion, and not allocated to those who deserve an open position solely based on merit.

One subtle (but very important) aspect of the above quote from Indra Sawhney (1992) is
its use of a rudimentary technical tool, which is often referred to as migration (a.k.a. mobil-
ity) in Indian legal terminology. In India, the group of individuals who do not belong to
any VR-protected category are referred to as the general category. Unlike a VR-protected
category, say SC, where category-SC positions are exclusively reserved for members of
SC, the open-category positions are not exclusively reserved for members of the general
category. Indeed, in order to emphasize this point, the justices explicitly indicate in the
above quote that “the reservations under Article 16(4) do not operate like a communal
reservation.” But, because the Indian legal terminology does not differentiate between
categories of individuals and categories of positions, despite the “mismatch” between
the two concepts, the terms “open” and “general” are used interchangeably in legal doc-
uments. The notion of migration is likely a byproduct of this misleading aspect of the legal
terminology. For example, when a member of SC receives an open position on her merit
due to VR policy, she is considered to have “migrated” from SC to the general category.
Effectively, designers of the reservation systems in the country, despite the complex legal
requirements, try to “simplify” the system by dividing the set of applicants in partitions
and using SSD to allocate positions available for each partition. And whenever a natural
partition does not exist, they rely on the notion of migration to artificially create one. In
my view, the use of this rudimentary technical tool along with a second one called adjust-
ments considerably aggravate the legal and practical challenges faced in implementation

of India’s reservation system@

*This exclusion is highly controversial in India. See Sénmez and Unver|(2022) for a case study in mini-
malist approach to market design which analyses this exclusion in 103rd Amendment.

0See paragraph 94 of the judgment.

61Gee, for example, Section 5 in S6nmez and Yenmez (2022b) for the detrimental impact of reliance on
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In the absence of the secondary horizontal reservations, it is straightforward to imple-
ment the VR policy as follows with a two-step procedure that is known as the over-and-
above choice rule: Open positions are allocated in the first step to applicants with highest
merit scores. Then, in the second step, positions reserved for each VR-protected group
are allocated to the remaining individuals with highest merit scores from these groups.
Observe that, this procedure consists of repeated implementation of the SSD, first for the

open category, and next for each VR-protected category@

6.3 Horizontal Reservations and Adjustments

Target groups for the secondary HR policy are independent of hereditary social identi-
ties, and they include protected groups such as persons with disabilities and women.
While an applicant can be a member of multiple HR-protected groups, in order to sim-
plify the presentation, I will focus on the case where an individual can belong to at most
one HR-protected group (non-overlapping HR protections). This restriction is without loss
of generality, and as shown in Sonmez and Yenmez|(2022a), all analytical results extend
to the case with overlapping HR protections.

Unlike the VR policy which is precisely defined in Indra Sawhney (1992), the following
description of the HR policy in the same judgment is less clearﬁ

“Horizontal reservations cut across the vertical reservations that is called
inter-locking reservations. To be more precise, suppose 3% of the va-
cancies are reserved in favour of physically handicapped persons; this
would be a reservation relatable to Clause (1) of Article 16. The persons
selected against this quota will be placed in the appropriate category;
if he belongs to S.C. category he will be placed in that quota by mak-
ing necessary adjustments; similarly, if he belongs to open competition
(O.C.) category, he will be placed in that category by making necessary
adjustments. Even after providing for these horizontal reservations, the
percentage of reservations in favour of backward class of citizens remains

- and should remain - the same.”

For example, it is unclear what exactly the necessary adjustments refer to, and how they are
to be made. While this ambiguity on the notion of “adjustments” and how to implement

these rudimentary technical tools in India.

62As it is shown in [Sénmez and Yenmez (2022b), the practice of repeated implementation of SSD in
reservation systems is also prevalent in applications where positions are heterogenous across multiple in-
stitutions.

63See paragraph 95 of the judgment.
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the HR policy are later cleared by a subsequent judgment of the Supreme Court in Anil
Kumar Gupta 1995, the detrimental implications of reliance on rudimentary technical tools
to implement complex normative criteria further intensified in the Country

Anil Kumar Gupta 1995 clarifies the following two characteristics of the HR policy,
which differentiate it from the VR policy.

1. The HR policy is implemented as soft reserves. That means, while the members of the
protected group receive preferential treatment for the HR-protected positions, these
positions are not exclusively set aside for these individuals. Any HR-protected posi-
tion that still remains after all members of the protected category receive a position,
then they can be awarded to other eligible individuals.

2. Positions that are “earned” via merit (either from open category or a VR-protected
category) still count against the HR-protected positions. Therefore, the HR policy is

implemented on a “minimum guarantee” basis.

Possibly to avoid complications that can emerge due to overlaps between “property
rights,” the justices also recommended the HR policy to be implemented within each ver-
tical category, including the open category@ For example, if there are horizontal reserva-
tions for women, then women are provided with preferential access for a fraction of the
positions in each category (i.e., open, SC, ST, OBC, etc.) separately.

In order to operationalize the HR policy, this policy could be implemented for any
given category with the following procedure called the minimum guarantee choice rule
(Hafalir et al., 2013): Given a set of individuals who are eligible for the positions at the
given category, in the first step, the HR-protected positions for any HR-protected group
are allocated to its beneficiaries with highest merit scores. In the second step, any remain-
ing positions (including the unused HR-protected positions) are allocated to remaining
individuals who have highest merit scores. If the justices of the Supreme Court were ac-
customed to formal modeling and analysis, they could have embedded the implementa-
tion of horizontal reservations within the implementation of vertical reservations simply
as follows: Instead of using SSD to allocate positions at each vertical category (including
the open), they could have used the minimum guarantee choice rule. That is, in the first
step the open positions are allocated with the minimum guarantee choice rule, and in

the second step the positions at each VR-protected category are allocated to remaining

4The formulation of the HR policy in Anil Kumar Gupta 1995 is further clarified in a subsequent Supreme
Court judgment Rajesh Kumar Daria(2007).

5This mode of HR policy is referred to as compartmentalized horizontal reservations in Anil Kumar Gupta
(1995).
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eligible individuals again with the minimum guarantee choice rule. Following Sonmez
and Yenmez (2022a), I refer to this mechanism as the two-step minimum guarantee (2SMG)
choice rule.

The justices, however, are rarely accustomed to formal modeling, and naturally they
are unfamiliar with the minimum guarantee choice rule. As a result, in Anil Kumar Gupta
(1995) the justices formalized and used the notion of “adjustments” to operationalize the
HR policy. Under their mechanism, open positions are tentatively allocated with SSD
in the first step, and the VR-protected positions are subsequently allocated to remaining
eligible individuals again with SSD@ Then comes the use of “necessary adjustments” to
accommodate the HR policy in a third step. So, for example, if the women minimum
guarantee is not accommodated for some category, say SC, at the end of the first two
steps, then the lowest merit score SC men who are tentatively admitted are replaced by
the highest merit score unmatched SC women to accommodate the HR policy within
category SC.

There is, however, one tricky aspect of this adjustment process. Suppose that, the min-
imum guarantee constraints are short by one woman both for the open category and also
for the VR-protected category SC. Then, if there is an unmatched woman from SC, it is
not entirely clear whether she should replace a man from the open category for the ad-
justment process or a man from the SC category. The justices responded to this type of
technical challenge by also partitioning the “adjusters” into distinct groups, and restrict-
ing access for open-category horizontal adjustments to members of the general category
only. In my view, this design choice may have been affected with the way the notion of
migration is used under the VR policy. An unmatched SC woman by the end of step 2 has
not migrated to the general category by this stage of the procedure, and perhaps this may
be why she was deemed ineligable for an adjustment within the open category. Whatever
the underlying reasonings were, with this design choice the set of individuals entitled for
horizontal adjustments at each vertical category conveniently becomes uniquely defined
for the third step of the procedure. Following Sonmez and Yenmez|(2022a)), I refer to this
mechanism, mandated in India between years 1995 and 2020, as the SCI-AKG choice rule.

6.4 Failures of the SCI-AKG Choice Rule and Its Minimalist Correction

In order to see what is wrong with the SCI-AKG choice rule, it is useful to relate it to
the minimum guarantee choice rule. The following notion, heavily used in legal docu-

mentation in India to describe various normative principles or reservation mechanisms,

%QObserve that, these two steps together give the over-and-above choice rule.
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is especially helpful to describe the connection between the two choice rules.

Definition 9. A member of a VR-protected category receives the status of a meritorious reserved
candidate, if she is among the highest merit score applicants who deserve an open category posi-
tion.

As it is shown in [Sonmez and Yenmez (2022a), the SCI-AKG choice rule can be al-
ternatively defined as follows in two steps: Restricting consideration to members of the
general category and meritorious reserved candidates, open positions are allocated in the
first step using the minimum guarantee choice rule. Then, for each VR-protected category,
reserved positions are allocated in the second step also using the minimum guarantee
choice rule.

Observe that, from a consequentialist perspective, the only difference between the
choice rules SCI-AKG and 2SMG is the set of applicants who compete for the open po-
sitions in the first step. Whereas all applicants are considered for open positions under
the 25MG choice rule, only members of the general category and meritorious reserved
candidates are considered under the SCI-AKG choice rule. Therefore, unless she is a
meritorious reserved candidate, a member of a VR-protected category is denied access to
HR-protected positions in open category.

This difference between the two choice rules immediately identifies the root causes of
the failures of the SCI-AKG choice rule. With the exception of the recent EWS category,
a member of a VR-protected category is not required to declare membership for her cate-
gory@ Therefore, by claiming her VR protections, an individual loses her open category
HR protections under the SCI-AKG choice rule. Thus, this mechanism fails a form of in-
centive compatibility axiom, first formulated in Aygiin and B¢ (2021). More visible in the
tield, it also fails the following version of no justified envy tailored to the current context:

Definition 10 (Sonmez and Yenmez| (2022a))). An allocation of positions across vertical cate-
gories (including open) to applicants satisfies no justified envy, if, there is no category v and two
distinct applicants i, j who are both eligible for category v, such that,

1. applicant j is awarded a position at category v,
2. applicant i receives no position at all, and

3. applicant j neither has a merit score that is as high as the score of applicant i, nor awarding
her a category-v position at the expense of applicant i increases the number of HR-protected
positions that are honored at category v.

7In contrast, documenting ineligibility for social identity (i.e., caste or tribal) based VR-protected cat-
egories is a prerequisite to claim membership for EWS. That typically requires documentation of forward
caste membership in India.
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Observe that, for any category v and two applicants 7, j who are both eligible for this
category, awarding a position to applicant j at the expense of applicant i cannot be jus-
tified either through meritocracy nor through affirmative action. And yet, this key so-
cial justice axiom fails under the SCI-AKG choice rule, exactly because, members of VR-
protected groups are ineligible to compete for the open-category HR-protected positions
(unless they are meritorious reserved candidates). Thus, consistent with minimalist mar-
ket design, elimination of the root cause of the failures of the SCI-AKG choice rule merely
involves a removal of this exclusion, which immediately results in the 2SMG choice rule.

6.5 External Validity for the Minimalist Approach by the Supreme
Court of India

The first draft of Sonmez and Yenmez (2022a) was circulated in March 2019 as the Boston
College working paper Sonmez and Yenmez (2019). Following the minimalist approach,
we have shown that the Supreme Court-mandated choice rule SCI-AKG (in some cases )
reverses the intended affirmative action measures by its failure of no justified envy@ We
have also documented that, for more than two decades, this failure resulted in countless
litigations in the country, and disrupted the recruitment processes on a regular basis.
Since the failure of no justified envy under the choice rule SCI-AKG became especially
worrisome in states which mandate horizontal reservations for various groups, several
high court judgments in these states directly contradicted the Supreme Court judgment
Anil Kumar Gupta (1995). As a resolution, in Sonmez and Yenmez| (2019) we formulated
the 25MG choice rule as a minimalist alternative to SCI-AKG choice rule.

Subsequent to the circulation of Sonmez and Yenmez (2019) and in a judgment that
provided external validity to minimalist market design, the Supreme Court revoked the
SCI-AKG choice rule in Saurav Yadav (2020). Perhaps most importantly, the justices man-
dated the axiom no justified envy in India with their judgment. In addition, the justices also
endorsed the choice rule 25MG as one that satisfies no justified envy, even though they did
not mandate it explicitly. Importantly, the reform was the consequence of the failure of a
key social justice axiom—no justified envy—under the choice rule mandated by the Supreme
Court. The first order issue for the justices was the enforcement of a key principle, and
their advocacy for a specific mechanism came only as a secondary consideration. There-
fore, just as in the case of the earlier school choice reforms in Boston, Chicago, England
and the branching reform by the US Army, the reform of the Supreme Court’s mecha-

8Tn Sonmez and Yenmez (2019), the SCI-AKG choice rule is referred to as the SCI-VHR choice rule, and
the no justified envy axiom is referred to as elimination of justified envy.
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nism is the direct consequence of a major failure of the existing mechanism based on a
very important principle.

There is one subtle aspect of the judgment Saurav Yadav (2020) which is very important,
even though it is not well-understood in India. In addition to mandating the no justified
envy in this judgment, the justices also made the following important clarification for
implementation of VR policy in the presence of HR policy. By Indra Sawhney (1992), a
VR-protected position cannot be awarded to beneficiaries who deserve an open position
on the basis of merit. However, this landmark judgment did not explain who deserves
an open position in the presence of horizontal reservations. This vagueness is finally
removed under Saurav Yadav (2020), where an individual who deserves an open position
is legally defined as one who deserves an open category position on the basis of merit
with or without invoking the HR protections. Due to this important clarification, the
following axiom is also mandated by Saurav Yadav (2020):

Definition 11 (Sonmez and Yenmez| (2022a)). An allocation of positions across vertical cate-
gories (including open) to applicants satisfies compliance with VR protections, if, no applicant
is assigned a VR-protected position, provided that she deserves an open-category position

a. either due to her merit score, or

b. due to increasing the number of HR-protected positions that are honored within open-
category.

This clarification is highly consequential, because, subject to not discarding positions
(non-wastefulness) and honoring HR protections (maximal accommodation of HR protections),
the only choice rule that satisties no justified envy and compliance with VR protections is
the 2SMG choice rule (Sonmez and Yenmez, 2022a). Therefore, while the justices have
not explicitly mandated the choice rule 25MG in Saurav Yadav (2020), they have de facto
mandated it in the country, for there exists no other choice rule that satisfies the explicit

mandates of the judgment@

7 Pandemic Medical Resource Allocation During Covid-19

Covid-19 pandemic revealed yet another vital resource allocation problem where mini-
malist market design proved to be very useful (Pathak et al.,[2020d). Thanks to the cen-
tral focus this approach places on the needs of the stakeholders, over the course of a year,

%The 2SMG choice rule is mandated in the state of Gujarat under the High Court judgment Tamannaben
Ashokbhai Desai (2020).
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we were able to communicate our ideas with dozens of healthcare officials when these
ideas were most useful. The same focus also helped our team to convince many of these
officials or experts in medical ethics and public healthcare to advocate for and adopt the
reserve systems we designed for equitable allocation of vaccines and therapies on real
time, as the need arise (Persad et al., 2020; Schmidt, 2020; Schmidt et al., 2020, [2021; [Rubin
et al., 2021 |Pathak et al., 2021, [2022; White et al., 2022).

7.1 The Toughest Triage

At the onset of the Covid-19 pandemic the world faced a challenge unlike any other for
decades. In a perspective piece in the New England Journal of Medicine, Truog et al.| (2020)
reflected upon some of these challenges the world was beginning to face.

“Although rationing is not unprecedented, never before has the Ameri-
can public been faced with the prospect of having to ration medical goods
and services on this scale.”

In the same issue of the New England Journal of Medicine, [Emanuel et al.|(2020) outlined the
desirable ethical principles for allocation of scarce medical resources in crisis situations,
and urged healthcare officials worldwide to develop the guidelines and procedures to
implement them:

“The need to balance multiple ethical values for various interventions
and in different circumstances is likely to lead to differing judgments
about how much weight to give each value in particular cases. This high-
lights the need for fair and consistent allocation procedures that include
the affected parties: clinicians, patients, public officials, and others. These

procedures must be transparent to ensure public trust in their fairness.”

At the time Emanuel et al. (2020) and [Truog et al|(2020) were first published online in
March 2020, the rationing of ventilators and intensive care units (ICUs) was already un-
derway in Northern Italy (Rosenbaum, 2020). Upon exploring with Parag Pathak and
Utku Unver how these ethical principles were operationalized for allocation of ventila-
tors and ICUs, we made an important discovery, one that made it clear that it is time to
put our expertise into good use. Little did we know that, for nearly a whole year from that
time on, the three of us would end up setting aside all unessential activities and devote
all our time and energy to contribute to the global fight to combat Covid-19.

As the recommended allocation rule for crisis rationing of ventilators and ICUs, state

guidelines in the US almost uniformly suggest some form of a priority point system. In
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these guidelines, the point score of a patient is most often determined by a measure of
mortality risk called Sequential Organ Failure Assessment (SOFA) scorem I refer to this
specific priority point system as the SOFA system

While a single utilitarian ethical principle, i.e., saving most lives, determined who re-
ceives a ventilator or an ICU in crisis situations under most state guidelines in the US, we
made the following observation in two of the most elaborate guidelines from New York
State and Minnesota: During their deliberations in preparing these guidelines, members
of both task forces wanted to accommodate a second ethical principle known as the prin-
ciple of instrumental value. Under this principle, individuals who can help save additional
lives are given special consideration in allocation of vital resources. As it can be seen in
the below-given quotes from these guidelines, however, members both task forces could
not figure out how to operationalize the instrumental value principle along with their pri-
mary principle of saving most lives without risking outcomes they deem unacceptable.

“[...] it is possible that they [essential personnel] would use most, if not
all, of the short supply of ventilators; other groups systematically would
be deprived access.”

Vawter et al. (2010), MN Dept. of Health

“[...] may mean that only health care workers obtain access to ventilators
in certain communities. This approach may leave no ventilators for com-
munity members, including children; this alternative was unacceptable
to the Task Force.”

Zucker et al.| (2015), NY Dept. of Health

Task forces for healthcare crisis management guidelines usually consist of experts
from medicine and medical ethics and officials in healthcare. Naturally, members of
these professions usually have no formal expertise in designing allocation mechanisms.
Moreover, literatures on medical ethics and public healthcare traditionally rely on various
forms of priority systems for allocation of scarce medical resources, including when they
accommodate multiple ethical values. For example, at the onset of Covid-19, the leading

7OThis procedure can be thought as a simple serial dictatorship induced by the SOFA score.

7ISOFA scoring system is first introduced in Vincent et al.[ (1996) on behalf of the Working Group on
Sepsis-Related Problems of the European Society of Intensive Care Medicine. Under this system, each of
six organ groups lungs, liver, brain, kidneys, blood clotting and blood pressure is assigned a score of 1 to
4, with higher scores for more severely failed organs. The total across the six organ groups determine the
SOFA score of the patient, which then determines her priority for a ventilator or an ICU. In recent years,
however, many expressed concerns that the SOFA system discriminates against certain groups. See, for
example, Tolchin et al.{(2021) for one such study.
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allocation system which accommodated multiple ethical principles for allocation of ven-
tilators was a priority point system by [White et al,|(2009). Through a modification of the
SOFA system, their system accommodated three ethical principles as follows: It used a
coarsening of patient SOFA scores to accommodate the principle of saving most lives, and
added points to accommodate two additional principles, saving the most years of life and
life-cycle principlem

Naturally, in their pursuit to accommodate the instrumental value principle in addition
to the principle saving most lives, members of New York State and Minnesota task forces
also experimented with a similar methodology, and contemplated to award extra points
to essential personnel in addition to their scores from the SOFA system. But since this al-
ternative procedure has the potential to allocate all units to essential personnel in extreme
scarcity situations, they gave up upon not only this procedure, but also the instrumental
value principle altogether. Essentially, the task forces in New York State and Minnesota
attempted to design a new ventilator rationing system through a minimalist intervention
of the SOFA system of their own, but failed to reach an acceptable system in this way.
Another minimal intervention of the SOFA system, however, would have resulted in a

potentially acceptable alternative.

7.2 Advocacy of Pandemic Reserve Systems in Pathak et al. (2020d)

Rather than adjusting the scoring rule under the SOFA system, the task forces could have
instead used patient SOFA scores to determine their priorities for a fraction of the ventila-
tors, and use a second priority ranking for the remaining units. In order to accommodate
the instrumental value principle, this second priority ranking would have to give some
form of heightened priority for essential personnel. Note that, the idea here is similar to
the reservation system discussed in Section [f] for allocation of public positions in India.
We refer to any such allocation rule which uses different priority rankings of individuals
to allocate different portions of the scarce resources as a reserve system.

When Covid-19 hit the world in early 2020, I was writing a chapter on reserve sys-
tems for a book project we have been pursuing for several years with Parag and Utku
on “matching and market design.” As soon as we discovered the challenges faced by
the task forces in New York State and Minnesota, we decided to repurpose the chapter
as a manuscript we can circulate within weeks on equitable allocation of scarce medical

resources. Reserve systems similar to one discussed in Section [f] on affirmative action in

72Life-cycle principle asserts that younger patients who had the least opportunity to live stages of life
should be given higher priority for the scarce medical resource.
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India have been used for decades in various real-life settings as a prominent tool to reach
compromises between various groups with competing objectives. These settings include
affirmative action for allocation of government positions and public school seats (Hafalir
et al., 2013; Dur et al} 2020; |Aygtin and B6| 2021; Sonmez and Yenmez, 2022a)), balanc-
ing priorities for school seats between neighborhood population and broader community
(Dur et al., |2018), and allocation of immigration visas in the US (Pathak et al., 2020a).
While our book chapter was a unified presentation of these reserve systems, repurposing

it for our purposes was not all that easy for one technical reason.

7.2.1 A Generalized Reserve System to Balance Various Ethical Principles

Up until the time when Covid-19 pandemic started in early 2020, virtually all reserve
systems studied in the literature had one common feature. There is a baseline priority
ranking of individuals, such as one that is determined with a centralized test. All portions
of the scarce resource rely on this baseline ranking in allocation, but for some portions,
also giving some form of preferential treatment to various groups of individuals.

While the task forces in New York State and Minnesota could have done the same by
giving heightened priority to essential personnel in a fraction of ventilators, in general, a
more flexible reserve system was needed in order to operationalize the ethical principles
outlined in Emanuel et al. (2020). Essentially, our new application of market design in
public healthcare called for a reserve system where priority ranking of individuals for
any portion of the scarce resource could be constructed with any criteria, without nec-
essarily having a connection to a baseline priority ranking. With a target of analyzing
subtleties of generalized reserve systems in short order while our ideas still have a po-
tential to contribute the on-going global fight against Covid-19, we invited my colleague
Bumin Yenmez to our project. His addition to our team increased our pace in analyzing
various technical aspects of the problem, and allowed us to complete and circulate the
tirst version of our paper Pathak et al.| (2020d) in April 2020, within two weeks after our
initial engagement with this vital resource allocation problem@

Formally, in a reserve system, units of the scarce resource is divided into multiple
segments called categories, and units in each category is allocated based on a category-
specific priority ranking. It is essentially a categorized priority system, a terminology we
have used with our collaborators from medical ethics and emergency healthcare in a fol-
lowup paper Sonmez et al| (2021) when we first introduced the idea to member of the

broader medical community. While the idea of a reserve system is very intuitive, it has

73The first version of Pathak et al.|(2020d) is available as NBER working paper 26951 Pathak et al.| (2020e).

75



one aspect which can cause unintended distributional consequences, unless this subtlety
is well-understood by the system operators. In Section [6| we have seen a prime exam-
ple of this in the context of affirmative action policies and court rulings in India. Other
settings where this subtlety afflicted implementation include allocation of public school
seats in Boston (Dur et al., 2018) and assignment of H-1B visas in the US (Pathak et al.,
2020a)). In order to avoid any confusion by healthcare officials in implementation of our
reserve system for Covid-19 allocation of vital medical resources, we made this subtle
aspect of the problem the main focus of our formal analysis in Pathak et al. (2020d).

7.2.2 Maintaining Informed Neutrality Between Reasonable Normative Principles

The subtlety of reserve systems comes from an under-appreciation of what happens when
individuals can receive units from multiple categories. If this cannot happen, i.e., if each
individuals is eligible for units from at most one category, then the reserve system is effec-
tively same as a separate priority system in each category. For this simple case, allocation
of units in different segments do not interfere with each other.

In most applications, however, at least some individuals are eligible for units in mul-
tiple categories. When an individual is eligible for units in two different categories, even
though she does not care which unit she receives, the selection affects the outcome for
remaining individuals. System operators and broader public often do not appreciate how
important this aspect of a reserve system is (Pathak et al., 2020b). In order to avoid any
unintended distributional consequence due to this subtlety, we characterized in Pathak et
al. (2020d) all outcomes which satisfy the following three basic desiderata:

Definition 12. An outcome complies with eligibility requirements if patients only receive

units from categories for which they are eligible.

Definition 13. An outcome is non-wasteful if no unit from any category remains idle despite

the presence of an eligible patient who remains unserved.

Definition 14. An outcome satisfies no-justified envy@ if no patient remains unserved while
a unit from some category c is awarded to a lower priority patient based on the priority ranking at
category c.

An outcome satisfies these three desiderata if and only if it is supported by a list of
cutoffs in priorities (Theorem 1 in|Pathak et al. (2020d)).

74This axiom is called respect for priorities in Pathak et al.[(2020d). I use the no-justified envy terminology
to highlight the parallel between analogous axioms in other sections.
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Without thoroughly understanding, however, what these differences in outcomes cor-
respond to in policy, they may not mean much to policymakers or system operators.
Therefore, we connected various outcomes that satisfy the three basic axioms to addi-
tional normative criteria. For example, for cases where there is an underlying baseline
priority ranking, we identified outcomes that correspond to vertical reservations or hori-
zontal reservations we have earlier seen in Section[] Another result we have shown along
these lines is the following: The distribution of the resource can be influenced in ways that
systematically benefit or hurt various groups, depending on the sequencing of allocation
of units at different categories. In general, the later a category is processed, the better it is
for its beneficiaries (Dur et al., 2018, 2020; |Pathak et al., 2020d).

Thus, not only we provided the healthcare community with a practical system to bal-
ance various ethical principles for allocation of scarce medical resources in Pathak et al.
(2020d), but also provided them with the operational details to avoid any unintended

consequences.

7.3 Teaming Up with Three Leaders in Bioethics

Timing is everything in market design. A mere two days after Pathak et al.| (2020d) was

circulated, the following headline from a lead story in Boston Globe caught our attention:

“Who gets a ventilator? New gut-wrenching state guidelines issued on

rationing equipment

Preference given to medical personnel, people who are healthy, younger”
Liz Kowalczyk, Boston Globe, April 7, 2020

Not only did this story directly relate to the paper we just circulated, it also highlighted
in its headline one of our main motivations on priority for medical personnel! Naturally,

we were intrigued. The story started as follows:

“Massachusetts health officials issued guidelines Tuesday to help hos-
pitals make gut-wrenching decisions about how to ration ventilators,
should they become overwhelmed with coronavirus patients and run out

of critical treatments.

The guidance, which is not mandatory, asks hospitals to assign patients
a score that gives preference to healthier patients who have a greater
chance of surviving their illness, and living longer overall. It gives ad-

ditional preference to medical personnel who are vital to treating oth-
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ers, and to women further along in pregnancy. In the event of tie scores,

younger patients are given priority.

‘There is a great sense of urgency,” said Dr. Robert Truog, director of the
Center for Bioethics at Harvard Medical School and a pediatric intensivist
who was part of the group that helped develop the guidelines. “We real-
ize this all needs to be in place soon. It’s very important to have current
guidelines that provide very concrete advice to hospitals about how to
allocate these resources.” ”

According to this story, unlike the task forces in New York State and Minnesota, a
similar committee in Massachusetts came up with a system which “gives additional pref-
erence to medical personnel who are vital to treating others.” Upon reading the “Original
Guidance” issued by the Crisis Standards of Care Advisory Working Group (Bateman et al.,
2020), however, we observed that there was no such preference given to medical per-
sonnel at all under the recommended system. That is, the principle of instrumental value
played no role in the recommended allocation rule. The system recommended in the
“Original Guidance” was basically a simplified version of the priority point system of
White et al. (2009), with only two ethical principles rather than three. Naturally, we won-
dered, how Boston Globe could possibly make such a major error in its coverage. Subse-
quently, we observed that, parts of the “Original Guidance” used an ambiguous language
which mentioned possible preference given for medical personnel who are vital to treat-
ing others, even though the final recommendation did not reflect this considerationm

While this issue serves as a “red herring” in this key document, it still provided us
with a very important clue. Why would an otherwise very clear document involve a
confusing discussion of the instrumental value principle, unless members of the working
group found themselves is a dilemma that parallels those earlier faced by the task forces
in New York State and Minnesota?

Based on this hunch, later that evening, we sent an e-mail to Robert Truog who was
mentioned in the Boston Globe story as a member of the working group. We believed shar-
ing our ideas with Robert Truog was especially important. Not only he was the Director
of the Center for Bioethics at Harvard Medical School, but he was also the first author of
Truog et al. (2020), one of the two articles which got our interest on the topic in the first
place. In our e-mail, we included our paper |Pathak et al. (2020d) as an attachment, in-

dicated that we were inspired to work on this topic based on the NEJM symposium that

7>The ambiguous language in the “Original Guidance” was later removed in a later “Revised Guidance”
issued on April 20, 2020, possibly due to an inquiry by our team about this inconsistency to Robert Truog,
who was a member of the working group mentioned in the Boston Globe story.
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included his paper, and expressed our strong interest to exchange ideas with him in a
Zoom meeting sometime soon. Not only did Robert Truog give us a positive response for
our meeting inquiry the following day, but he also suggested including two other leaders
in medical ethics, Govind Persad and Douglas White, in the meeting.

We were naturally thrilled with his response. Govind Persad was a renowned expert
in legal and ethical aspects of healthcare, and he was the second author of Emanuel et
al[(2020), i.e., the main reference on this whole exercise. Douglas White was a Professor
of Critical Care Medicine at University of Pittsburgh, and he directed the University of
Pittsburgh Program on Ethics and Decision Making in Critical Illness. He was also the
tirst author of White et al. (2009), i.e., the main reference on multiple ethical principle
priority point systems for ventilator rationing.

It was the minimalist market design which secured us this “dream” meeting. We cor-
rectly identified a desiderata—the instrumental value principle-which was not reflected in
the recommended system of the working group for crisis allocation of ventilators in Mas-
sachusetts, and suggested a small tweak of their system which addressed this omission.
A few days later, Robert Truog sent us the following suggested agenda for our meeting;:

“ 1) Introductions
2) Overview of the reserve model (10 min)
3) Discuss strengths / weaknesses compared to a points system
4) How it would handle specific issues, eg, priority to healthcare work-
ers, preference to the young, and comparing adults and children
5) Discuss both practical feasibility and public acceptance of the model
6) Next steps ”

Interestingly, while Robert Truog set a time cap in our first meeting to discuss the details
of our proposed reserve system, he set no such limit to discuss its comparison with the
priority point system or its public acceptability and various practical considerations in
implementation. In my view, his focus is consistent with my main thesis that, policy-
makers and system operators care way more about how an institution serves the aims of
various stakeholders than its mechanical details. In a follow up e-mail that is also con-
sistent with this assessment, Douglas White emphasized what he is most interested in a

reserve system:

“I'll be most interested to hear what it would ‘look like” operationally in
any given hospital to do as you suggest: to set aside a portion of venti-
lators to use one priority order, and another portion which can use an-

other.”
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Our meeting was one of the most successful and consequential meetings of my ca-
reer. From that point on, Govind Persad, Robert Truog, and Douglas White embraced the
reserve system for pandemic allocation of scarce medical resources. Joining forces with
them, we advocated the reserve system to broader bioethics and medical communities in
Sonmez et al.| (2021). In order to emphasize its minimal deviation from the priority sys-
tem these communities are accustomed to, we referred to a reserve system as a categorized
priority system in this paper.

7.3.1 Policy Impact on Allocation of Covid-19 Therapies in Pennsylvania

Only a month after our first encounter with our new partners, we already saw the first
tangible outcome of our collaboration. By May 2020, public attention was shifting from
triage rationing of ventilators and ICU beds to equitable allocation of scarce therapies.
On May 1st, 2020, Gilead’s Remdesivir became the first antiviral medicine to receive Emer-
gency Use Authorization (EUO) from the US Food and Drug Administration (FDA) for
the treatment of COVID-19. Due to overwhelming demand for this medication, the Uni-
versity of Pittsburgh Medical Center (UPMC) developed and adopted a weighted lottery
system to implement a transparent and fair approach to allocate scarce medications to
treat patients with Covid-19.

With the leadership of Douglas White, UPMC system was designed by our team as a
special case of a reserve system, and it was implemented in Western Pennsylvania during
the shortage period of Remdesivir (White et al., 2022). The software for the system was
also developed and provided by our core team of three design economists.

UPMC system was later endorsed by the Commonwealth of Pennsylvania for the al-

location of scarce Covid-19 therapies (Commonwealth of Pennsylvania, 2020).

7.4 Policy Impact During the Covid-19 Vaccine Rollout

Over the next several months, we engaged in various outreach activities to introduce the
reserve system to bioethics and emergency care communities. Through these efforts, we
introduced the reserve system to several groups, and started collaborating with Univer-
sity of Pennsylvania bioethicist Harald Schmidt who was especially interested in utilizing

it to mitigate disparities in healthcare access (Schmidt et al., [2020).
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7.4.1 Debates in the US on Priorities for the Covid-19 Vaccine

By August 2020, phase 3 clinical trials for two of the most promising Covid-19 vaccines
were already underway, and much of our focus have shifted to the upcoming vaccine roll-
out. Since the beginning of the pandemic, there had been a vigorous debate on equitable
vaccine allocation. At the beginning, these debates were purely focused on the structure
of priority tiers under a presumed priority system. For example, in June 2020, Melinda

Gates made the following public statement:

“We know there are 60 million healthcare workers around the world who
are keeping everybody safe. They deserve to get this vaccine first. From
there, you want to do tiering in various countries to make sure your most
vulnerable populations get it. In our country, that would be Blacks and
Native Americans, people with underlying health conditions and the el-
derly.”

U.S. Chamber of Commerce (2020)

Not everyone was, however, in agreement with Melinda Gates. For example, the fol-

lowing opposing view was expressed in a commentary of the Cato Institute:

“A federal advisory committee recommending priorities for the eventual
distribution of a COVID-19 vaccine has floated a very bad idea: accord-
ing priority to some beneficiaries over others because of their race. If
implemented, the regime would very likely be struck down by courts as
unconstitutional.”

Olson| (2020)

More generally, rather than who receives priority, the biggest challenge under any

priority system was the notion that some groups receive absolute priority over others.

“There’s no easy solution. Healthcare experts at ACIP and the National
Academy have been debating the question among themselves, and no
decision will be uncontroversial. But when there aren’t enough vaccines

for all, someone must inevitably come first.”
Goldhill| (2020)

Due to its role as a practical tool to reach a compromise between various groups with
opposing views, our reserve system started to receive a lot of traction for the upcoming

vaccine rollout in this environment.
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7.4.2 NASEM Framework for Equitable Vaccine Allocation

In July 2020, Centers for Disease Control and Prevention (CDC) and National Institutes
of Health (NIH) commissioned the National Academies of Sciences, Engineering, and
Medicine (NASEM) to formulate their recommendations on the equitable allocation of a
Covid-19 vaccine. NASEM immediately appointed a committee of distinguished experts.
In September 2020, NASEM made a discussion draft of its Preliminary Framework for Eq-
uitable Allocation of Covid-19 Vaccine available for public commentary (NASEM, 2020a)).
Even though NASEM suggested a four-tier priority system in its discussion draft, it also

included the following expression:

“Equity is a crosscutting consideration: In each population group, vac-
cine access should be prioritized for geographic areas identified through
CDC’s Social Vulnerability Index.”

At this point two of our collaborators, Govind Persad and Harald Schmidt played key
roles in bringing the reserve system to the attention of the NASEM committee:

In response to the NASEM discussion draft, JAMA published the viewpoint “Fairly
Prioritizing Groups for Access to COVID-19 Vaccines,” by Persad et al.| (2020) explicitly

endorsing our proposed reserve system in their conclusion.

“Dividing the initial vaccine allotment into priority access categories and
using medical criteria to prioritize within each category is a promising
approach. For instance, half of the initial allotment might be prioritized
for frontline health workers, a quarter for people working or living in
high-risk settings, and the remainder for others. Within each category,
preference could be given to people with high-risk medical conditions.
Such a categorized approach would be preferable to the tiered ordering
previously used for influenza vaccines, because it ensures that multiple

priority groups will have initial access to vaccines.”

Not only was our collaborator Govind Persad the first author of this viewpoint, Ezekiel
Emanuel, i.e., the first author of the main reference Emanuel et al. (2020) in these de-
bates, was its senior author. Thus, our proposed reserve system received a highly visible
endorsement for the upcoming vaccine rollout at a key moment.

In response to the discussion draft, our collaborator Harald Schmidt, on the other
hand, submitted a written commentary. Upon receiving an invitation by the committee,
he also gave a subsequent oral commentary. In his commentary, he inquired about the rec-

ommended mechanism to prioritize members of communities identified through CDC’s
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Social Vulnerability Index. In preparation for this very contingency and in collaboration
with Harald Schmidt, weeks earlier we had circulated an NBER working paper Pathak
et al.| (2020c), illustrating how easily a tiered priority system can be “modified” as a re-
serve system, by building equity into the system though an index of social vulnerability.
Harald Schmidt brought this exercise in minimalist market design to the attention of the
committee as a possible mechanism to embed equity in their framework.

In October 2020, NASEM announced its Framework for Equitable Allocation of Covid-
19 Vaccine (NASEM, 2020b). Following the recommendation in [Persad et al.| (2020) and
using the exact formulation in Pathak et al.| (2020c), NASEM framework formally recom-

mended a 10 percent reserve for people from hard-hit areas:

“The committee does not propose an approach in which, within each
phase, all vaccine is first given to people in high SVI areas. Rather the
committee proposes that the SVI be used in two ways. First as previ-
ously noted, a reserved 10 percent portion of the total federal allocation
of COVID-19 vaccine may be reserved to target areas with a high SVI
(defined as the top 25 percent of the SVI distribution within the state).”

As it can be seen from the above-given quote, NASEM clearly emphasized the distinction

of their recommendation from a tiered priority system.

7.4.3 States and Cities which Adopted a Reserve System for Various Phases of the
Vaccine Rollout

Within days after the NASEM recommendation, Tennessee became the first state to adapt
a reserve system for its vaccine rollout in October 2020. FDA granted emergency use au-
thorization for the Pfizer-BioNTech vaccine and the Moderna vaccine in early December.
By that point, to our disappointment, Tennessee remained the only state which adopted
the reserve system. Consequently, in early December 2020, in collaboration with Ariadne
Labs from Harvard Chan School of Public Health and Department of Medical Ethics and
Health Policy from University of Pennsylvania, we co-hosted an online symposium on
“Vaccine Allocation and Social Justice” (Ariadne Labs| 2020). One of our aims was to il-
lustrate policymakers how easily equity can be built into vaccine rollout through a reserve
system.

The symposium not only helped us to better understand the needs, challenges and
perspectives of several jurisdictions, but it also directly contributed to two important de-

velopments.
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First, it provided our co-organizers from Ariadne Labs with a natural opportunity to
bring the reserve system to the attention of the committee responsible for vaccine rollout
in Massachusetts. Similarly, it provided our team with an opportunity to bring the reserve
system to the attention of California’s Surgeon General Dr. Nadine Burke Harris. In
a number of group meetings, we introduced the reserve system to Dr. Harris and her
team, advocated for its adoption in California as an instrument to build in equity in their
upcoming vaccine rollout, and coached members of her team on the subtleties of the
reserve system.

In December 2020, Massachusetts became the second state to adopt a reserve system
for its vaccine rollout with 20% over-and-above reserve for hard-hit communities. In
March 2021, California adopted a particularly ambitious reserve system for its vaccine
rollout, with reserve categories both for educators and hard-hit populations. During the
initial vaccine rollout from December 2020 to May 2021, at least 12 states, and several ma-
jor cities including New York City, Chicago, and Washington DC adopted our proposed
reserve system at various phases (Schmidt et al., 2021} Pathak et al., 2022).

While equity and social justice considerations have been the driving force in most
jurisdictions for the acceptance of the reserve system, it was not the only reason. Phase
1b and Phase 2 Covid-19 Vaccine Rollout in Richmond and Henrico, VA serves as an
illustrative example (Richmond City,[2021a,b). Below I present details of Phase 1b, which
was deployed in Richmond and Henrico health districts on March 8th, 2021.

Richmond and Henrico Reserve System for Phase 1b Covid-19 Vaccine Rollout

Categories, their share of Covid-19 vaccines and factors that affect category-specific
priorities were specified by the health districts as followsm

1. Phase 1a & Congregate Care (4% of units)
2. Adults age 65+ (50% of units)

* Age (older residents have higher priority)

* Race and ethnicity (Black, Hispanic/Latinx, and American Indian or Alaska
Native residents have higher priority)

¢ Burden of disease in the area where a person lives

* Social Vulnerability Score (SVI) of the area where a person lives

3. Frontline Essential Workers (23% of units)

76Category-specific priorities are only partially specified in Richmond City|(2021alb).
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Age (older residents have higher priority)

Race and ethnicity (Black, Hispanic/Latinx, and American Indian or Alaska

Native residents have higher priority)

Burden of disease in the area where a person lives

Social Vulnerability Score (SVI) of the area where a person lives
4. People ages 16-64 with Comorbidities (23% of units)

¢ Age (older residents have higher priority)

* Race and ethnicity (Black, Hispanic/Latinx, and American Indian or Alaska
Native residents have higher priority)

* Socioeconomic status (residents who are under and uninsured have higher pri-

ority)

Observe that, Richmond and Henrico reserve system utilized the full generality of the
model presented in Pathak et al|(2020d): In particular, while the two categories 2 and 3
used an identical baseline priority ranking (subject to eligibility), category 4 used a related
but different priority ranking.

7.5 Policy Impact on Allocation of mAb Therapies in Massachusetts

When we first communicated with Robert Truog in April 2020 as a member of the Crisis
Standards of Care Advisory Working Group in Massachusetts, our initial focus was on
equitable allocation of ventilators. As I discussed in Section by May 2020, public
attention shifted to allocation of therapies against Covid-19 which started to receive EUO
from the FDA. During that period, we met with Dr. Emily Rubin from Massachusetts
General Hospital, another member of the Working Group in Massachusetts. While she
considered our reserve system for allocation of the antiviral Remdesivir at the Mass Gen-
eral Brigham healthcare system at the time, in this chaotic time when healthcare personnel
were extremely overwhelmed, this possibility did not materialize.

Six months later, in November 2020, FDA authorized EUA for three monoclonal anti-
bodies (mAb) for treatment of COVID-19. This is when Emily Rubin reconnected with us,
and inquired whether we can support the Working Group as they prepare the Guidance
for Allocation of Covid-19 Monoclonal Antibody Therapeutics. Our group supported
the Working Group with a reserve system design tailored to the specification for Mas-
sachusetts policies, and provided them with an Excel spreadsheet implementation of the
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system. Later in November, Massachusetts officially recommended the following reserve
system in its Guidance.
Massachusetts Reserve System for Allocation of mAb Therapeutics

Categories, their share of mAb infusions, factors that affect category-specific priorities,

and processing sequence of categories were given as follows by the state:
1. Open Category (80% of Infusions)

e Eligibility: All patients.
* Priorities:
* Tier 1: Age > 65 or Body Mass Index (BMI)> 35
* Tier 2: Other patients who satisfy the EUO criteria of the FDA.

* Within each tier, priority ranking is determined with a uniform lottery.
2. Vulnerable Category (20% of Infusions)

e Eligibility: Patients who live in a census tract at the top half of SVI or in a town

or city with an incidence rate at the top quartlite
* Priorities:
* Tier 1: Age > 65 or Body Mass Index (BMI)> 35
* Tier 2: Other patients who satisfy the EUO criteria of the FDA.

* Within each tier, priority ranking is determined with a uniform lottery.

Processing Sequence of Categories: Open category first, followed by the vulnerable cat-
egory (Over-and-Above reserve).

Subsequently, Massachusetts Reserve System for Allocation of mAb Therapeutics was
implemented by the Mass General Brigham healthcare system. Rubin et al.|(2021) report
the successful deployment of this system for allocation of scarce Covid-19 therapies in
Massachusetts, and how it increased access to socially vulnerable patients.

The following quotes from the Editorial Makhoul and Drolet (2021) in response to
Rubin et al. (2021) not only highlights the success of the reserve system for allocation of
various scarce medical resources during the Covid-19 pandemic, but also illustrates the

promise of minimalist market design in interdisciplinary efforts.

“This work contributes to a growing body of evidence that reserve sys-
tems offer a pragmatic framework for equitably allocating scarce re-

sources. [...]
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As reserve systems become more prevalent, it is important to acknowl-
edge and understand the psychological effects on participants. Not only
do reserve systems enable policymakers to allocate resources equitably,
but they also signal to participants that expert judgment has been used to
design a system for maximal societal benefit. Participants eligible for pri-
oritized categories (eg, patients from high-SVI zip codes) may feel more

adequately safeguarded. [...]

Health equity must not only be demonstrated objectively but must also

be perceived by participants in the system. [...]

Despite challenges related to administering a time-sensitive, novel thera-
peutic during a pandemic, Rubin et al. (2021) demonstrate that a reserve
system can be used effectively on an individual patient level to prioritize

access for certain groups.”

8 Contrasts with Paradigms based on Mechanism Design

In this section I will compare and contrast the minimalist approach with the institution
design paradigm which builds on traditional mechanism design.

The aim in the latter more traditional approach is the design of an institution which
either optimizes an objective function or implements a social choice rule under various
rationality assumptions from non-cooperative game theory, and subject to various combi-
nations of feasibility, incentive compatibility and stability constraints. Critically, the starting
point of the designer is either an objective function that must be optimized (typically
utilitarian) or a social choice rule that is deemed desirable. Therefore, beyond informing
various constraints, many details of the existing institution have no bearing on the opti-
mal design. Moreover, the objective of the design under this paradigm is often preference
utilitarian, and in those cases it is not, it is still consequentialist (i.e., it only depends on the
outcome and nothing else).

This approach to practical design can be valuable in applications where there exists a
plausible objective function and the environment is so complex that the primary role of a
model is providing intuition on various aspects of the problem. Indeed, in the conclusion
of his Richard T. Ely Lecture, Hurwicz| (1973) emphasizes:

“The new mechanisms are somewhat like synthetic chemicals: even if not

usable for practical purposes, they can be studied in a pure form and so
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contribute to our understanding of the difficulties and potentialities of
design.”

In contrast, minimalist market design is most useful in applications where stakehold-
ers have objectives that are both well-defined and feasible, although they ended up with
an institution which falls short of satisfying some of these objectives, often due to techni-
cal challenges. The primary aim under the minimalist approach is finding the institution
the stakeholders intended to design in the first place.

Since the primary aim goes beyond providing intuition, the design objectives under
the minimalist approach have to correspond to the objectives of the stakeholders them-
selves, and they often include ones that are non-utilitarian. By allowing for a wide range
of objectives, including non-consequentialist principles such as transparency, simplicity and
privacy, following this approach makes it easier to communicate with and convince var-
ious stakeholders. Since the ultimate aim is to fix any failure of an institution by only
interfering with their root causes, the existing institution plays a central role under the
minimalist approach.

As the objectives of the stakeholders play a fundamental role under the minimalist
approach, it is most adequate for applications where these objectives can be determined.
In my opinion, it is most useful in applications where either the main objectives are com-
patible with strategy-proofness or in those where incentive compatibility is not a main con-
sideration in the first place. While deviations from these ideal conditions may render
the minimalist approach less natural or inapplicable in some settings, it has a number
of advantages over more mainstream institution design paradigms when they are met.
In particular, due to its underlying design philosophy, the minimalist approach escapes
many of the criticisms of mainstream approaches to institution design.

Referring to axiomatic methodology as “good properties” approach, [Budish! (2012)
identifies the following three reasons why for some applications of axiomatic approach

to market design may be more promising than the mainstream approach:

“First, it is sometimes difficult to pin down the objective. [...] Second, it is
sometimes difficult to pin down the true constraints of the problem. [...]
Third, there is a lack of tools. In most matching environments we do not
yet know how to solve even the standard Myersonian problem of “max-
imize social welfare subject to technology and incentive constraints”, let

alone anything more nuanced.”

Essentially, Budish| (2012) identifies setups where the mainstream mechanism design ap-

proach may be challenging to apply from the start. Since the primary technical methodol-

88



ogy under minimalist market design is the axiomatic methodology, the three conditions
in Budish| (2012) also render the minimalist approach more promising than the main-
stream paradigm to market design. I will next identify a number of other considerations

in choosing a practical design paradigm.

8.1 The Role of Private Information and Incentive Compatibility

A mechanism is called incentive-compatible if every participant can obtain the best outcome
for themselves by truthful revelation of their private information. There are two main

versions of incentive compatibility:

1. Dominant strategy incentive compatibility: Truthful revelation of private information
is a dominant strateqy. That is, regardless of what other individuals do, truthful

behavior is always optimal for each individual.

2. Bayesian incentive compatibility: Truthful revelation of private information is a
Bayesian Nash equilibrium.

8.1.1 Dominant Strategy Incentive Compatibility vs. Strategy-Proofness

In economic theory, strategy-proofness is considered as a special case of dominant strategy
incentive compatibility where the private information typically takes the form of prefer-
ences over outcomes. As far as formal representation is concerned through mathematical
relations, the two notions are indeed isomorphic. However, they have a subtle but very
important distinction.

Dominant strategy incentive compatibility is a concept in positive economics. In an effort
to overcome challenges due to private information, it was formulated by Leonid Hurwicz
as a constraint in his mechanism design setup (Hurwicz, 1960, 1972, (1973). Thus, it only
matters to the extent incentive considerations affect the outcome of an interaction between
self-interested and rational economic agents. In particular, if the same optimum were to
be reached through dishonest revelation of private information, there would be no use
for this constraint in this framework. It is a means to an end, not an end in itself.

In contrast, strategy-proofness is both a positive and at the same time a normative con-

cept. It is usually a key design objective for policymakers: That is, it is an end in itself.

Indeed, as we have discussed in depth in Sections [3.3.3| [3.4.2| and 3.4.1] it was the main

normative axiom that enabled the school choice reforms in Boston, Chicago and England.
The importance of strategy-proofness in these reforms were largely (if not completely) be-

yond its impact on the outcomes of these processes. This is also why strategy-proofness is
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important in a design even if some participants may not fully understand that honest rev-
elation of private information is in their best interests. In many cases, it is an obligation

of the system operator to prepare the conditions which nurture honest behavior.

8.1.2 Role of Private Information in Traditional Mechanism Design

The need for an expert for the design of an institution emerges due to the private infor-
mation held by the participants under the traditional mechanism design (Hurwicz, 1973;
Maskin, 2008). Therefore, if there is no private information, there is no room for mecha-
nism design.

Assuming participants who hold private information are rational and they engage in
equilibrium behavior, the aim of the design is the optimization of an objective function
(typically utilitarian) subject to incentive compatibility constraints, along with other con-
straints such as feasibility and individual rationality.

In most cases, the less demanding notion of Bayesian incentive compatibility is utilized
to model rational behavior, and attention is restricted to direct mechanisms where indi-
viduals reveal their private information. The restriction is considered without loss of gen-
erality due to a result known as the revelation principle, which says that any equilibrium
outcome of an arbitrary mechanism can also be obtained as an equilibrium outcome of an
incentive-compatible direct mechanism (Myerson, [1981). There is, however, a caveat for
this widespread tradition. Revelation principle is silent on issues related to multiplicity
of equilibria. For example, it is possible that, while the unique equilibrium outcome may
be optimal under a non-direct mechanism, the equilibrium outcomes may also include

non-optimal ones under the corresponding direct mechanism.

8.1.3 Role of Private Information in Minimalist Market Design

Unlike the traditional mechanism design, the potential value of minimalist market de-
sign is not exclusively tied to the presence of private information. For example, for our
application on allocation of homogenous government position in India (Section or
the design of single-center kidney exchange systems (Section ), private information was
not a main consideration.

Having emphasized this important point, in many applications of the minimalist ap-
proach private information does play a major role. In my view, minimalist market design
is best fit for settings in which strategy-proofness is compatible with other key objectives of
the stakeholders. Policymakers can urge the participants to reveal their private informa-

tion truthfully under a strategy-proof mechanism, without risking being wrong, and thus
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taking some liability. While the participants may not follow this advice all the time for
various reasons, this ability to give straightforward advice is one of the most appealing

aspects of a strategy-proof mechanism.

8.2 The Role of Non-Utilitarian Principles

A principle is consequentialist if it evaluates actions only based on their outcomes. Utilitar-
ianism is a consequentialist principle, where only welfare of individuals from the outcome
matters. While the typical normative position is utilitarianism in neoclassical economics,
the same is not the case in other social sciences. Since market design is an interdisciplinary
area, the perspectives from other fields is also important. Likewise, as emphasized by |Li
(2017), the support for utilitarianism is not as strong among policymakers or the broader
population as it is among neoclassical economists. Indeed, of all my policy interactions
in more than two decades, kidney exchange has been the only setting where a variant
of utilitarianism—the Pareto principle-was one of the central desiderata in the field. Un-
like many other applications, however, there is a very natural welfare function in kidney
exchange in the number of lives saved via transplantation.

By its conceptualization, the default normative position is utilitarian under mecha-
nism design. Naturally, any practical institution design paradigm based on this formal
methodology also inherits this key aspect of its antecedent. However, the choice of this
normative position is not always benign in practical institution design, especially in con-
texts in which issues of social justice are particularly important (Li, 2017} Hitzig, 2020).

An advantage of the minimalist approach over design paradigms that are based on the
traditional mechanism design is in its flexibility to accommodate a broad range of prin-
ciples, including those which are not consequentialist. For example, as I have presented
in Section |3 strategy-proofness—a non-consequentialist principle-has been the key driving
force behind the school choice reforms at Boston, Chicago and England.

8.2.1 Transparency

Transparency is a non-consequentialist principle that is considered particularly important
by many (van Basshuysen, 2022). Some applications have so many complexities that a
realistic model that captures all its features may not be feasible. Naturally, designing a
transparent institution may also pose a challenge in these cases. Since I view formulation
of a realistic model as a pre-requisite for successful execution of the minimalist approach,
I personally do not see any clear advantage of adopting it for these challenging applica-

tions.
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At the same time, the lack of transparency is a challenge regardless of which paradigm
a market designer adopts for these complex applications. For example, while FTC’s In-
centive Auction (Leyton-Brown et al., 2017; Milgrom, 2017) which reallocated radio fre-
quencies from TV broadcasting channels to wireless broadband services in 2017 is widely
considered as one of the success stories in market design, it is also scrutinized by many
due to its lack of transparency (Hitzig, 2018;|Weyl, 2020; van Basshuysen, 2022).

Since one of its main aspects is interfering only with the root causes of failures in real
life institutions, whenever the minimalist approach is viable, it usually fares well in terms

of transparency.

8.2.2 The Role of Normative Economics and Informed Neutrality Between Reason-
able Ethical Principles

Despite having clear normative objectives in many applications, policymakers often have
difficulties formulating them rigorously or designing mechanisms which satisty them (Li,
2017). Therefore, as exemplified by our applications in Sections [5| and [ the minimalist
approach can be particularly useful in market design applications that involve complex
normative criteria.

In some cases, the objectives of the policymakers may uniquely define a mechanism.
This is the case both for the U.S. Army’s branching process discussed in Section |5 and
also for the integration of vertical and horizontal reservation policies in India discussed
in Section [f| In these applications, the policy recommendation is fairly straightforward.
In most applications, however, this is not the case.

In many applications, not all design objectives of policymakers are compatible. In such
cases, a market designer can follow the standard approaches from axiomatic methodol-
ogy, and explore the implications of various compromises between the design objectives
which are mutually exclusive (Moulin, 1988, 2004; Thomson, 2001, 2011). Policymakers
then can make the compromises of their choosing, once they understand their options.
For example, as we discussed in Section the most important desiderata for Boston
Public Schools officials was strategy-proofness, which is a desideratum which is satisfied
by both SOSM and TTC. After careful consideration, the officials decided that no justi-
fied envy along with increased transparency are more important than Pareto efficiency, and
consequently selected SOSM for the citym

In other applications, there may be multiple mechanisms which satisfy policymakers’

design objectives. For such applications, the best practice from axiomatic methodology

77 As we discussed in Section due to “behind the scenes” mechanized trading of priorities, TTC
was considered less transparent than SOSM.

92



is to characterize all mechanisms which satisfy the objectives of policymakers (Thom-
son, 2001). While obtaining a unique resolution can be considered compelling by many,
enforcing one without a solid justification may also introduce various challenges. For
example, as we discuss in Section it may introduce biases in design which system-
atically favor certain groups at the expense of others. This best practice from axiomatic
methodology is also in line with the following three theses advocated in Li (2017):

1. Market designers should not rely exclusively on preference utilitarianism to evalu-

ate institutions.

2. Market designers should study the connection between designs and consequences,

and should not attempt to resolve fundamental ethical questions.

3. The theory and practice of market design should maintain an informed neutrality

between reasonable ethical positions.

By focusing on desiderata of policymakers and other stakeholders, the minimalist ap-
proach automatically abides by the first two theses. In applications where a specific
mechanism is not singled out by these desiderata, the third thesis by |Li (2017) on in-
formed neutrality requires additional Care@ Beyond its adherence with the best practices
in axiomatic methodology, following this extra step in minimalist approach is valuable to
address potential challenges, some of which we discuss next in Section [8.2.3]

8.2.3 Algorithmic Bias and Normative Gap

As markets increasingly operate with rules and algorithms which are designed to achieve
a variety of objectives, one important question is whether a design may be biased in prob-
lematic ways, unfairly advantaging certain groups at the expense of others (Hitzig), 2018;
van Basshuysen, 2022). This phenomenon is called algorithmic bias. Focusing on appli-
cations in which issues of social, racial and distributive justice are particularly salient,
Hitzig (2020) formulates the following related concern: The formulation of social goals
and the methodologies of market designers can result in a divergence between the ob-
jectives of policymakers and those implemented by the designs of economic engineers.
Hitzig| (2020) refers to this phenomenon as normative gap.

The selection of an objective function by a design economist can be one possible source

of algorithmic bias or normative gap. Another source may be potential challenges certain

8 A case study where informed neutrality plays an especially important role is presented in Sénmez and
Unver|(2022) on a recent controversial Constitutional Amendment on affirmative action policies in India.
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groups may face optimizing their best interests compared to other groups under mecha-
nisms where a straightforward strategy may not exist.

When executed properly, both issues can be addressed under the minimalist approach.
In applications where there is a unique mechanism that satisfies the desiderata of the
stakeholders, clearly no such algorithmic bias or normative gap are introduced by the
designs guided by the minimalist approach. When there are multiple ways to address
the failures of an existing institution, in principle, some of the minimalist interventions
may involve algorithmic bias or normative gap. This is why the best practice in these
applications is to maintain informed neutrality between reasonable normative positions,
and present policymakers with a complete (or at least representative) list of minimalist
interventions.

It is important to emphasize that policymakers or system operators may also intro-
duce algorithmic bias or normative gap in their institutions themselves, sometimes delib-
erately and sometimes unintentionally, without any involvement from experts in market
design. For example, even though official documents indicate that Boston Public Schools
prioritized children at half of the seats in their neighborhood schools from 1999 to 2013,
system operators de facto eliminated this policy under the mechanism implemented by
the city (Dur et al., 2018). This happened only because the system operators failed to ap-
preciate a subtle implication of a coding decision. Similarly, |Pathak et al.| (2020a) show
how various logistical considerations affected the fraction of H-1B visas awarded to hold-
ers of advanced degrees in the US for many years, due to a subtle aspect of mechanisms
designed and implemented by system operators. Naturally, such incidences not only in-
troduce algorithmic bias or normative gap in implementation of an institution, they also
compromise their transparency as well.

The minimalist approach can be valuable to uncover these unintended policy alter-
ations, and it could be utilized to fix them. For example, analysis in Dur et al. (2018) along
with the public testimony to Boston School Committee in Pathak and Sonmez (2013b) re-
sulted in official removal of neighborhood priority in Boston Public Schools in 2013. The
following section from a March 2013 speech by Superintendent Carol Johnson to Boston
School Committee illustrates the value of the minimalist approach in evaluating and in-
forming public policy:

“Leaving the walk zone priority to continue as it currently operates is
not a good option. We know from research that it does not make a signif-
icant difference the way it is applied today: although people may have
thought that it did, the walk zone priority does not in fact actually help

students attend schools closer to home. The External Advisory Commit-
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tee suggested taking this important issue up in two years, but I believe

we are ready to take this step now. We must ensure the Home-Based sys-

tem works in an honest and transparent way from the very beginning.”
Johnson (2013)

8.3 Is Design Economics a Form of Social Engineering?

Drawing upon the “performativity thesis” of Callon (1998) in economic sociology, a num-
ber of researchers argue that the way mainstream design economists blend research and
policy create a performative frame in real-life implementation, and thereby bring partic-
ipants and institutions into line with their theoretical models (Mirowski and Nik-Khah),
2007} Santos, 2011} Breslau, 2013; Hitzig, 2018, 2020). The essence of their criticism is cap-
tured in the following assertion by Santos| (2011):

“To put it in another way, the efficacy of design economics ultimately
hinges on determining the extent to which economists are able to imple-
ment their models in the real world and make reality conform to their

theoretical constructs” [...]

Essentially, social scientists who advocate this view criticize design economics as being a
form of social engineering.

In my view this criticism of design economics deserves careful consideration. Reliance
on an objective function which has to be optimized under various constraints is one rea-
son why that may happen under institution designs which follow approaches in mecha-
nism design. Note that, once various constraints are accommodated, any “slack” in the
system is used to optimize the objective function under the “template” design process
provided by mechanism designm Therefore, the objective function plays a dispropor-
tionately important role under design paradigms which are based on mechanism design.
Moreover, widespread reliance on Bayesian incentive compatibility as a rationality require-
ment further increases the importance of this objective function, because it corresponds
to a weaker constraint. Hence, when the market designer influences the choice of the
objective function in the design of a real life institution, the practical allocation problem
may indeed start to resemble an abstract model in mechanism design.

In my view, the minimalist approach to institution design escapes this criticism due
to its underlying philosophy. External validity presented from Chicago and England in
the context of school choice (Section and from India in the context of Supreme Court

791 am grateful to Shengwu Li for this perspective.
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judgments on affirmative action (Section present strong evidence that, at least when
executed properly, institution designs guided under the minimalist approach should not
be interpreted as social engineering.

Ideally, a design guided by the minimalist approach only interferes with root causes
of existing flaws, but otherwise it remains true to the original institution. These flaws are
defined based on the objectives of the stakeholders themselves, and not based on those
prominent in neoclassical economics. While it is true that the minimalist approach is
utilized in areas that remains outside economics, it is not used in a way that encourages
profit seeking or strategic behavior. On the contrary, the minimalist approach is often
deployed in ways that removes the need for such behavior. Thus, institution designs
carried out under the minimalist approach directly contradict the following portrayal of
the broader agenda of design economists by Santos| (2011):

“Choice architecture and design economics promote a particular version
of economics imperialism that goes beyond the mere export of its con-
cepts to territories traditionally occupied by disciplines other than eco-
nomics. They actually aim at inculcating economic calculus in human de-
liberation and introducing market-like forms of social interaction where

they have been absent.”

8.4 Identity of a Design Economist and the Role of Theory

The primary role of a theoretical model is seen as providing intuition under mainstream
approaches to market design (McAfee and McMillan, |1996; [Roth and Wilson, 2019; Mil-
grom, 2021). As such, these models are usually developed in abstract contexts, before
their practical relevance is considered. Naturally, these models are only loosely connected
to real-world applications. When a commissioned market designer engages in design or
re-design of a practical institution, the typical practice consists of taking an existing theo-
retical model, and manipulating it to capture various details of the application.

Three identities attributed to design economists are a “designer” (Hurwicz, 1973), an
“engineer” (Roth, 2002), and a “plumber” (Dutlo| 2017). The role of a design economist
under each of these identities is described as follows in van Basshuysen| (2021):

“The economist-as-designer (Hurwicz| 1973) generates models in which
properties corresponding to policy goals are defined, and mechanisms
designed, that is, algorithms determining institutional outcomes for pos-
sible combinations of individual actions, which might bring about the

defined goals if instituted in the real world. [...]
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The economist-as-engineer (Roth, 2002) conducts experiments to examine
whether the model results hold water, as well as computational analyses
to quantitatively investigate the trade-offs and limits that the designer
previously identified. Drawing on the results of these investigations, the
engineer then makes proposals to refine the envisioned algorithm.

The economist-as-plumber (Duflo, 2017) implements the designed algo-
rithm in the real world, evaluates its functioning, and mends it if prob-
lems arise. In doing so, the plumber attends not only to the algorithm
itself, but also to cultural and political issues surrounding the design,
such as whether market participants trust that the designed algorithm is
unbiased.”

In order to capture various aspects of a practical application, “economist the engi-
neer” adjusts the theoretical constructs of “economist the designer,” and with the sup-
port of experimental, computational or empirical techniques, designs a mechanism for
the modified model. “Economist the plumber” takes this process one step further, and
tinkers with the design to manage any unforeseen issues that may emerge in field imple-
mentation. Since the starting point is always the theoretical models of the “economist the
designer,” theory clearly plays an important role under the latter two practically oriented
identities as Wellﬂ However, the role of theory is limited to guiding the design in the cor-
rect direction. Indeed, a number of researchers argue that the role of theory is exaggerated
in market design compared to the role of experimental economics, especially in the con-
text of FCC’s spectrum auctions (Guala, 2001, 2005;|Alexandroval, 2006; Alexandrova and
Northcott, 2009) F]

In contrast to mainstream design paradigms, theory is custom made for the specific
application under the minimalist approach@ Adopting this approach is plausible mainly
in applications where much of the “heavy lifting” in design can be carried out with the-

oretical analysis. The main role of experimental, computational, or empirical techniques

80See Jackson! (2019) for an excellent assessment on the fundamental role of theory in market design and
economics in the age of “Big Data.”

81Gee also |Gul (1997) for a closely related criticism.

82This does not mean that existing theory is not important for an application. On the contrary, to be able
to build and analyze a custom made theory for an application, it is important to have a deep understand-
ing of related abstract models. Depending on the application, existing theoretical models can play a very
prominent role in the custom made model for the application. Examples of this includes the role of|Gale and
Shapley| (1962) on school choice models in Balinski and Sonmez| (1999) and |Abdulkadiroglu and Sonmez
(2003), and and the role of |[Hatfield and Milgrom| (2005) and [Hatfield and Kojimal (2010) on cadet-branch
matching models in |Sonmez and Switzer| (2013), Sonmez (2013), and (Greenberg et al|(2023). In other ap-
plications, a fairly novel custom theory may be necessary. An example of this includes the modeling and
analysis of India’s vertical and horizontal reservations in Sonmez and Yenmez| (2022a).
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is quantifying the potential gains from an institution design which already has strong
theoretical backing. As a consequence, theory is the primary methodology under the
minimalist approach. In addition, the most useful theoretical framework is also differ-
ent under this approach than paradigms built on mechanism design. While techniques
from game theory and mechanism design are still utilized, the key essential theoretical
framework is axiomatic methodology.

Finally, the specific manner in which a custom made theory is formulated for an ap-
plication renders an additional identity for a design economist who is following the min-
imalist approach: A “surgeon.” Just as a surgeon operates on a body, a design economist

carves out the root causes of any failures of the existing institution with surgical precision.

9 Conclusion

In this manuscript, I formulated a new paradigm for design economics: Minimalist mar-
ket design. Even though it is explicitly formulated only now, it already played a signif-
icant role in the success of market design. For example, apart from enabling two of the
most prominent applications of the field in school choice and kidney exchange, minimal-
ist market design also provided real-time utility to society when it was most useful during
the Covid-19 pandemic. This shows that the approach can be deployed in a timely man-
ner to help solve various societal problems. Minimalist market design also received exter-
nal validity from England and Chicago in the context of school choice, and from India in
the context of Supreme Court judgments on affirmative action. All this was achieved by
a small minority of design economists. Imagine what can be achieved by this approach if
it is to be deployed by a more significant share of design economists.

In closing, here are some of my most important suggestions for design economists

who would like to take on this challenge:
1. Find a “Goldilocks” problem which is neither too simple nor too hard.
2. Understand clearly what the objectives of the stakeholders are.
3. Identify a specific problem with what they are doing relative to their objectives.
4. Propose as few changes to what they are doing as are required to solve the problem.

5. Identity specific individuals who have a stake in solving the problem to approach

with your proposal.
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6. The axiomatic approach is a very effective way of communicating with policymak-

ers.

7. Learn from your mistakes to improve your next design@

83The reason aviation is so safe today is, because accidents are one of the main instruments for improving
safety.
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OgrenciSegme ve Yerlestirme Sinavi (OSYS) Sisteminde kimi aksakliklar bulundugu gorisiiyle
bu aksakliklarn ¢6zmeye yonelik oneriler getiren "A Tale of Two Mechanisms in Student
Placement Problems" adli makaleniz Merkezimizce incelenmistir. Bu incelemede,

1. Makalenizde 6nerilen modelin bilimsel olarak tutarh oldugu ve akademik deger tagidigy,

2. Bir yerlestirme problemi igin kuramsal olarak minimum puan kosulunu saglayan birden gok
¢6ziim bulunabilecegi, OSYS sisteminin bunlardan birini, makalede onerilen algoritmamn ise
bir digerini ¢ozdiigi ve teorik olarak bu iki ¢oziim disinda baska g¢oziimlerin de bulunabilme
olasiliginin oldugu,

3. Uygulama agisindan bakildiginda, makalede onerilen algoritmanin OSYS'de kullanilmasi
sonucunda kuramsal olarak ¢ok ug¢ noktalarda farkh bir sonug verebilecegi, ancak bu
olasiligin son derece az oldugu,

4. Merkezimizde, makalede 6nerilen algoritma, simiilasyon galismastyla 1997 OSYS tim aday
kitlesi iizerinde uygulanarak yerlestirme yapildig, bu ¢alismada elde edilen sonug ile 1997
0OSYS gergek yerlestirme sonucu arasinda herhangi bir fark bulunmadig;,

5. Bu bulgular i1ginda, OSYS'de algoritma degisikligine gidilmesinin uygun olmayacag:
sonucuna varilmistir.

Yukarida da belirtildigi gibi, galismanizin kuramsal olarak tutarli oldugunu ve butip ¢ahismalarda
her zaman isbirligi yapmaya agik oldugumuzu bildirir, basanlarmizin devamini dilerim.
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Figure 1: Response letter from leadership at OSYM, declining my proposal to reform the
mechanism that assigns high school graduates to colleges in Turkey.
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