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When putting policy into practice, government agencies must make a range of decisions about how to implement and operationalize
said policies. Ideally, such administrative decisions can be instrumented in a bureaucratically legitimate manner—in line with their
intended values, in line with citizen and institutional expectations, and in legally appropriate, transparent, and just ways. We introduce
the concept of formalizing technologies, which offer mathematical frameworks to conceptualize and operationalize fundamentally
contested policy ideals, such as efficient markets (e.g., through mechanism design), fair allocation, or democratic participation (e.g.,
through voting). Notably, these formalizing technologies promise to make the work of administration fair, non-arbitrary, accountable,
and efficient. We adopt a comparative approach to examine two cases of formalizing technologies in the U.S. government context:
contemporary discourse around privacy-enhancing technology and the historical adoption of game theory for military decision-making.
To analyze these cases, we draw on theories of scientific closure from across the science and technology studies (STS) literature and
organizational theory, emphasizing the processes by which scientific consensus is achieved and scientific autonomy is preserved.
Expanding on the relationship between scientific closure and legitimacy, we show that formalizing technologies are rhetorically
powerful tools for producing both administrative legitimacy and closure over fundamentally value-laden policy questions. Through
two historically distinct case studies, we identify shared rhetorical patterns and outline how formalizing technologies combine and
extend features of law and quantification to scope the space of legitimate ethical decisions in bureaucratic contexts—i.e., producing
ethical closure. We describe how this process of closure occurs, its impact on shaping regulatory decision-making and practice, and

implications for technology and policy imaginations and futures.
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1 INTRODUCTION: “PERFECT TECHNOLOGIES OF JUSTICE”

Administrative officials across U.S. government agencies serve the important but complex function of implementing
policy. Despite its important role in operationalizing policy “on the ground" [30], the administrative state is plagued by
frequent challenges to its legitimacy. Unlike publicly elected representatives, administrative officials are appointed: their
role as policymakers (through regulation and policy implementation) is not legitimated through democratic elections.
Instead, the state has historically sought to justify agency authority by other means, emphasizing non-arbitrary interpre-
tations of policy, accountable decision-making, and efficient operations [18]. Administrators’ implementation decisions
are at times desired to align with a policy’s intended goals and values; with citizen expectations and political machina-
tions; and with institutional expectations, all while respecting both democratic and technocratic norms of agency policy-
making [9, 10]. When such values, expectations, and norms conflict, agencies engage in legitimacy-making exercises to
justify their continued policy-implementing capabilities. In this paper, we investigate how mathematical and algorithmic
formalisms—specifically what we call formalizing technologies—intersect with such conflicts. We show how formalizing
technologies are used to resolve these conflicts to perform legitimacy, but also reshape and create conflicts anew.

We introduce the term formalizing technologies (FTs) to refer to mathematical frameworks intended to operationalize

and enact policy. We define formalizing technologies as mathematical frameworks that implement policy ideals, such as
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efficient markets (e.g., through mechanism design), fair allocation, certain security goals (e.g., through cryptography),
or democratic participation (e.g., through voting). Drawing on existing uses of formalizing technologies in government,
we build upon the science and technology studies (STS) and quantification literature to explore the mechanisms
through which formalizing technologies create legitimacy—and the consequences of this legitimacy for policy-making.
Specifically, we show how these formalizing technologies enact closure: closure of social problems, of policy solutions,
of values and of ethics in the political context.

Here we build on multiple strands of literature. First, we show how multiple theories of scientific closure in organiza-
tional theory and science and technology studies speak to the ways that consensus and stability are formed around
comparable technologies. Because we explore technologies that are used to shape social, policy-oriented outcomes, we
also look to how technologies in the administrative state produce closure around values. We connect closure to the
production and performance of legitimacy, whereby consensus provides moral justification for the exercise of power.
In a context where legitimacy is at stake and a lack of consensus can undermine agency authority, it is important to
understand where this legitimacy comes from, and where it is sensitive to challenges.

Shifting to the context of the administrative state, liberal political theory presupposes legitimacy as a necessary
condition for just functioning of the administrative state [67]. Seminal works in this literature identify three success
criteria for justifying productive political dialogue at the heart of U.S. administration: first, rationality, the ability to
explain a resource allocation decision; second, consistency, the consistent application of rules across parties and circum-
stances; and third, neutrality, the equal moral standing of different conceptions of the good and their advocates [68]. In
combination, these three criteria can be operationalized by what Bruce Ackerman [1980] calls “perfect technologies of
justice", imagined utopian means to implement policies without obstacles, distortions or costs. Such technologies dictate
the terms and processes of democratic deliberation, not the content of the deliberation itself, as the point of connection
between democratic legitimacy and just administration [63]. Doing so inextricably links these success criteria to the
efficient functioning of the state: in Ackerman’s view, an efficient liberal state is necessarily a just state.

We argue that FTs most closely align with this liberal utopian vision by scaffolding the terms of democratic
deliberation in a technically productive manner. The use and rhetoric of FTs aligns with liberalism’s governance goals
of accountability, efficiency, and non-arbitrariness. We explore the rhetorical machinery through which formalizing
technologies produce ethical closure, and its implications for policy. (Even the language of technologies, rather than
policy instruments, serves to distance the tool from its political and social function.)

The paper proceeds as follows. In Section 2, we introduce and define formalizing technologies (FTs), providing examples
and discussing the affordances that make FTs useful in the pursuit of legitimacy. In Section 3, we synthesize existing
frameworks of scientific closure, focusing on building consensus and preserving autonomy in science. We subsequently
examine how an analogous framework of ethical closure describes the process by which policy implementations impose
consensus and autonomy in decisions about essentially contested values. In Section 4, we examine how the scientific
and ethical closure process plays out through FTs, focusing on two case studies: formal privacy enhancing technology
and game theory. In Section 5, we discuss how this closure process creates legitimacy through the rhetorical strength of

FTs and examine the consequences of this unique form of legitimacy.

2 FORMALIZING TECHNOLOGIES

In this section we discuss prior work on the use of quantification in public administration before discussing how formal

mathematical frameworks have been taken up to operationalize contested policy ideals. We begin with the larger
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context of technologies of quantification (§2.1) and then define a specific subset of these, which we call formalizing

technologies (FTs) (§2.2). We discuss examples of FTs and examine how they differ from other forms of quantification.

2.1 Technologies of Quantification

Technologies of quantification, which enable the “communication and production of numbers” [36, p. 401], have long
been a subject of interest in the history and sociology of science. Significant attention has been devoted to the use
of quantification in public administration (see [54] for a more detailed review), focusing on numbers’ capacity for

standardization across diverse populations and for producing legitimacy.

2.1.1 Technologies of Commensuration. Through the process of commensuration— “the transformation of different
qualities into a common metric” [35, p. 314]- complex and disparate information is simplified into a single standardized
number. In the context of policy, commensuration can reduce different interests and values to a manageable amount
of information. Crucially, commensuration redefines relationships between policy alternatives by ordering them on
a single scale. This ordering suggests a hierarchy between alternatives, facilitating a seemingly optimal choice [34].
Moreover, commensuration allows administrators to use the language of economic efficiency to justify policy decisions:
by assigning a market price to competing interests, commensuration facilitates market-based economic solutions
to value-laden policy questions [26]. This logic has become embedded in administrative decision-making through
cost-benefit analysis, which forces the commensuration of policy inputs and outputs to compare the value of policy

proposals.

2.1.2  Technologies of Legitimacy. In addition to noting the utility of quantification for facilitating measurement and
comparison, the quantification literature also examines the use of numbers to establish legitimacy. Across scientific
and bureaucratic contexts, quantification has been particularly attractive in low-trust environments for its capacity to
establish trust through appeals to objectivity [65]. Trust is central in particular to legitimacy in democratic societies,
where government authority must be willingly accepted by its citizens rather than imposed upon them. The authority of
quantification aligns with the U.S. administrative state’s historical and ongoing pursuit of legitimacy through promises

of efficiency, accountability, and non-arbitrariness [18].

2.2 Formalizing Technologies

What are formalizing technologies? Despite the rich literature on quantification, comparatively little attention has
been given to variation between different forms of quantification, and different types of quantifying technologies. We
conceptualize formalizing technologies (FTs) as a particular form of quantification with unique implications for public
administration.

Specifically, we define formalizing technologies as mathematical frameworks that quantitatively operationalize some
policy-making ideal (e.g., deservedness, fairness, efficiency, privacy preservation) and enable the design of systems that
guarantee, under some explicitly stated conditions, that the outputs of the system achieve the ideal at a level pre-specified
by the system’s parameterization. Fundamentally, such ideals—deservedness of benefits, fairness of allocation, market

efficiency, privacy—represent concepts that are value-laden and essentially contested [56, 57, 76].

Examples of formalizing technologies. We can identify and group FTs by the values they quantify and the algorithmic
means through which they are expressed. Consider the following examples. FTs that quantify privacy and security princi-

ples create measurements of how much data sharing algorithms make information accessible or inaccessible to different
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parties as tunable functions of their parameters; example FTs include formal privacy tools like differential privacy [29] and
secure multiparty computation [23]. FTs that quantify equitable outcomes create measurements of inequality, unfairness,
or disparity between algorithmic outputs that can be tuned with different parameters; example FTs include optimization-
based modeling under fairness constraints [55] and algorithmic solutions to fair allocation problems [45]. FTs that
quantify equitable model performance create measurements of disparities in errors, variability, or stochasticity associated

with algorithmic outputs; example FTs include multicalibration algorithms [40] and equity-aware privacy analyses [24].

Examples of quantification that are not formalizing technologies. Quantification captures a wide range of activities
with numbers. FTs represent only a small subset of technologies of quantification. While significant attention has
been devoted to quantification in government, the majority of this work focuses on empirical, evaluative technologies,
e.g., state censuses, population statistics, taxation, and cost-benefit analysis. Like these technologies, FTs facilitate
comparisons, produce trust and legitimacy, and facilitate the language of efficiency. However, despite this significant
overlap, FTs are distinguished from other forms of government quantification by their emphasis on ex ante guarantees
rather than ex post assessment.

Specifically, FTs enact policy through formally parameterized algorithmic mechanisms for quantifying essentially
contested ethical concepts. Many policy interventions enact technologies of quantification but not all of these properties,
placing them beyond the scope of our paper. Quantification technologies that are not FTs may operationalize contested
concepts, for instance to empirically measure productivity costs or to evaluate the success of privacy attacks. However,
these tools lack a formal—i.e., provable, causal, ex ante—relationship between the system design and the values being
quantified. For example, many technologies quantify concepts whose contestation is inessential. Some water monitoring
systems may guarantee certain upper bounds on the concentration of lead in drinking water [74]. However, such
a system treats the concentration of lead, not the contestable, policy-driven assessment of what constitutes a safe
concentration of lead, as the ex ante parameterized variable of interest. In contrast, whether a concept like “fairness”
should be understood as equity, equality, justice, or arbitrarily many other understandings might be more fundamentally
contested, and the technology’s guarantees correspond to the policy concept of interest. Finally, FTs are necessarily
parameterized, but many policy decisions are formulaic or mechanical without being parameterized; for example,
allocation formulas for dispersing funding have implicit, but not explicit, parameters that dictate the policy problem’s

ethical dimensions.

Affordances of formalizing technologies. Describing what FTs do can be surprisingly challenging. We can reasonably
intuit that FTs are technological artifacts with their own politics [77]; yet the formal logic underlying FTs produces theo-
retical mathematical results independent from their political context. Even asking what FTs “afford” could refer to either
“how people use FTs in practice,” or “how the properties of FTs admit a range of possible uses” [39, 61]. Here we refer to
FT affordances in the latter sense, specifically highlighting the rhetoric of how FT developers and users engage with FTs.

FTs make explicit the algorithmic mappings between inputs and outputs. Thus these mappings can easily be made
transparent, such that the space of decisions induced by specific FTs can be made visible to a wide range stakeholders,
including participants, data subjects, and regulators. This enhanced transparency allows stakeholders to demarcate
possible interventions and their inherent consequences. This transparency is apparently empowering, revealing a
defined space of potential interventions.

An appealing, formalizing aspect of FTs is that they entail user-specified parameters—i.e. design choices—dictating
how algorithms function. Because the formal reasoning underlying FTs is independent of any realized quantitative inputs

or outputs to the system, FTs map the space of hypothetical inputs to hypothetical outputs. These parameters can produce
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constraints and locate specific policy choices—quantitative thresholds that might relate to values, such as tolerable error,
trade-offs of risk or accuracy. This allows these quantitative parameters to be the locus of policy negotiation: if a value
(e.g., “group fairness”) were a dial, the parameters define the “notches” to which a policymaker could set the dial. Notably,
FTs reflect ex ante choices that prescribe how algorithmic systems achieve specific quantitative properties via these
notches, as opposed to ex post descriptions of existing systems. For example, formal privacy methods like differential
privacy (DP) include pre-specified privacy loss budgets. Similarly, formal fairness methods like multi-calibration rely

on multiple accuracy criteria and group definitions.

3 FROM SCIENTIFIC TO ETHICAL CLOSURE

The process by which FTs produce legitimacy is closely linked to the process of scientific closure, a concept developed
by sociologist of science Harry Collins [1981] to describe the social mechanisms through which scientific knowledge
comes to be accepted. We argue that two forms of scientific closure, consensus and exclusivity, work together around
FTs. We further argue that this scientific closure creates closure over the ethical questions that FTs purport to solve by

narrowing the space of legitimate policy interventions.

3.1 Scientific Closure

Here we draw on two related but distinct notions of scientific closure. The first, developed in science and technology
studies (STS), describes how social groups reach consensus about the interpretation of scientific and technological
artifacts. In their foundational work on the social construction of technology (SCOT), Pinch & Bijker [1984] describe
the three stages of meaning-making that shape the acceptance of scientific knowledge and the adoption of technologies.
During the first stage, interpretive flexibility, both the interpretation and design of a technology are malleable. In
the second stage, closure, consensus develops around a single meaning and design of the technology, either through
rhetorical closure or redefinition of the problem. In the third and final stage, the now-closed technology becomes
embedded in the wider sociocultural context [64]. This framework has been taken up and extended in the STS literature
to examine the resolution of scientific controversies.

The second form of scientific closure we draw upon refers to the hidden backstage of knowledge production, in
contrast to open science. From an institutional perspective, closure refers not to consensus-making but instead to
limiting external intervention in science [20], for example by maintaining confidentiality during peer review, delaying
the public dissemination of research findings, or keeping details of the scientific process hidden. Ostensibly intended to
preserve expert autonomy, this form of closure is susceptible to co-optation by other interests, for example through
industry partnerships or government funding of science [20]. While the STS literature has dealt with issues of control
over science it is worthwhile to consider this exclusivity in the context of consensus-building in order to understand
how both consensus and exclusivity work together under the umbrella of scientific closure. Scientific closure, through
both consensus and exclusivity, fosters legitimacy by minimizing contestation and obscuring prior disagreements to
elevate certain claims as scientific. However, this legitimacy is not stable. Increasingly, waning trust in science’s ability
to answer policy questions had led to demands for active public participation in matters where science and technology

intersect with the public interest [59].
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3.2 Ethical Closure

In contrast to scientific closure, we use the term ethical closure to refer to processes that operationalize value-laden
issues. Different approaches to conceptualizing and operationalizing value-laden issues may rest upon fundamen-
tally conflicting values with social, political, and context-varying dimensions, rendering many such issues essentially
contested [38]. To handle this problem, legal and policy interventions necessarily “constrain” ethics—specifying how
values-based decisions can be engaged or intervened upon—so that institutions can act “with the force of law” [41]. For
example, legal interventions on discrimination (e.g., Title IX, re: discrimination “on the basis of sex”) offer institutions
such force of law (e.g., through coordinators tasked with overseeing and reporting such cases of discrimination).

We argue that, analogously, FTs invoke ethical closure by constraining ethics with the force of technology.
While legal and policy interventions constrain how political institutions might set and enforce rules or standards, FTs
leverage their technological affordances and disaffordances to constrain the space of acceptable interventions. Tools that
algorithmically assess the discriminatory nature of predictions, for example, outline the space of “feasible” algorithmic
configurations that trade off predictive accuracy and a quantification of their discriminatory impact [22]. The adoption
of a particular FT closes out policy alternatives, not on the grounds of their ethical merit, but on the grounds that they
are technically incompatible with a given tool. Consequently, technical and scientific closure imposes ethical closure

over otherwise open ethical questions.

4 CLOSURE IN PRACTICE

The way textual policy problems are framed and technological problems are framed [42] necessarily has social and
political effects on how they are intervened upon. However, the manner in which textual policies and FTs induce ethical
closure are substantively different. We characterize how FTs create ethical closure, and the work that does to produce,
shape, and even undermine legitimacy. Using examples, we show how this process that merits distinct attention from
our community. We draw on two case studies in particular: formal privacy-enhancing technologies and game theoretic
decision-making for military applications. We select these two cases to leverage variation in time scale, technical
maturity, and the range of possible applications. Formal privacy is relatively new, and has a relatively narrow range
of applications to privacy questions. Meanwhile, game theory has been deployed for decades in varying contexts, and

with emphasis on a wider range of ethical problems. Despite these differences, we observe similarities across both cases.

4.1 Case 1: Formal Privacy-Enhancing Technologies

Privacy has been enshrined in U.S. public policy through laws like the Health Insurance Portability and Accountability
Act (HIPAA), the Family Educational Rights and Privacy Act (FERPA), and the Confidential Information Protection and
Statistical Efficiency Act (CIPSEA). Implementing these laws is often under the purview of federal agencies (see e.g.,
the eGov Act, Title 13 of the U.S. Code, and the Federal Trade Commission’s role in privacy enforcement), with little
guidance on how such implementation occurs, sometimes leading to ineffective implementations [11] and bouts of
contestation around privacy norms [56]. In particular, U.S. data privacy law has historically struggled with defining the
scope of “personal information" for data sharing purposes, since modern computing and data infrastructures make it
easier than ever to associate data with individuals, known as the “failure of anonymization" in law [62, 78]. Agencies
with dual mandates to make data accessible while safeguarding privacy must resolve these issues to function successfully.

Recently, agencies have looked to formal methods in privacy enhancing technologies as a promising response to this
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failure. We focus on policy discussions surrounding the adoption of formal privacy for the 2020 Decennial Census in
this case study.

Formal privacy (FP) technologies, often referring to DP [27] and related techniques [25], are FTs aimed at providing
ex ante measures of information leakage from data processing systems. Most FP technologies use noise injection to
characterize formal claims about the ability for adversaries to distinguish between results in the presence or absence of
one person’s data. The degree of noise injection, and thus the formal limitation on information leakage, is parameterized
by what’s known as a privacy loss budget (PLB); smaller PLBs refer to greater formal information leakage protections,
and vice versa. In other words, PLBs associate with each data release an upper bound on the amount of information
leakage that could occur. Previous work on formal privacy for the U.S. Census Bureau has examined epistemic attitudes
towards Census data [17], communication practices around data privacy for data users [58], and the operationalization
of transparency and accountability [1]. However, little attention has been paid to the rhetoric used by the U.S. Census
Bureau to justify the adoption of specifically formal standards.

The Census Bureau used the formal nature of FP’s guarantees to justify their macroscopic decision-making process,
but notably not their specific FP implementation decisions (i.e., what data to release and how to set the associated PLBs
for each release). To explain the change from non-formal methods to formal methods, the Bureau had to empirically
demonstrate that the previous methodology failed to protect data subject confidentiality. While empirical experi-
ments correctly demonstrated that previous decennial censuses indeed posed privacy risks [2, 3], no such empirical
demonstrations were publicly produced by the FP system. Instead, the Bureau relied exclusively on FP’s guarantees in
both technical [49] and non-technical [46] communications with stakeholders. This is surprising because the Bureau
implemented FP with what was considered a large PLB, implying the formal upper bound on privacy loss was too large
for data subjects to infer anything useful about their particular risk; in other FP deployment scenarios, like Apple’s
user analytics FP deployment, such large PLBs rightfully raise concerns about “privacy-washing" through formal, but
ultimately vacuous, privacy guarantees [73]. Yet regardless of these particular implementation choices, the Bureau
explicitly argued that FP was the right tool for solving disclosure risk problems because of its formal properties [43].

This logic proved ultimately beneficial for the Census Bureau. First, it helped transparently demonstrate to the
Department of Justice that the Census Bureau could ex ante satisfy its legal confidentiality mandates specified in Titles
13 and 26 of the federal code. Second, the formal guarantees ensured that no matter the background conditions by
which adversarial data users might exploit Census data, the Census Bureau would not be held responsible for aiding
and abetting privacy harms beyond their control. And finally, by focusing on selecting a sufficiently large PLB, the
Census could demonstrate a commitment to producing useful (read: efficient) statistical estimates needed to fulfill its
role managing the core statistics supporting democratic representation, appropriations for federal funding, and other
official statistics uses.

At the same time, the Census Bureau’s implementation left many policy questions unanswered. Many empirical
conceptions of privacy harm, such as those measuring the ability to infer information about individuals (for example,
race— see [47]), were labeled as “unscientific” from both the academic community [28] and the Census Bureau [43]
because they could not be simultaneously formalized (via ex ante privacy guarantees) and controlled (via choosing a
PLB). To them, one could debate how to implement FP, but to suggest measuring privacy empirically outside of FP was
“unscientific,' “ad hoc", or not “rigorous,’ even when concretely tied to policy outcomes [48]. FP, in summary, helped the
U.S. Census Bureau demonstrate particular commitments to both privacy protections and the production of high-quality

data, but the interplay between FP and holistic policy evaluation was largely left unexplored.
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4.2 Case 2: Game Theoretic Decision-Making and Mechanism Design

The draw of formalization is unique neither to recent technologies, nor to contemporary bureaucratic cultures. We can
compare more ongoing developments in formal privacy-enhancing technologies with an earlier use of FTs to resolve
value-laden policy dilemmas: the U.S’s uptake of game theory during World War II and the Cold War. The rise (and
subsequent fall) of game theory as a policy tool demonstrates both the power of FTs to enact closure, and the fragility
of this closure.

Institutionally, WWII led to a major renegotiation of the relationship between science and government in the United
States. During the war, the Office of Scientific Research and Development organized significant and unprecedented
cooperation between scientists and the war efforts. After the war, those same scientists were involved with developing
the institutions to support science (both through federal agencies like the National Science Foundation and non-
governmental organizations like RAND). The emphasis on legitimacy of these institutions was central in their founding
documents, where scientific progress is framed as an essential component of government [19], and only conducted in
legitimate ways (from RAND, this must be “strictly nonpartisan, rigorously analytic” [66]).

Importantly for our context, they elevated, and were elevated by, the adoption and legitimation of game theory in
geopolitical context, which itself promised an objective, analytic way to settle political problems. In the 1920s and
early 1930s, the mathematician John von Neumann and economist Oskar Morgenstern, among others, developed the
mathematical machinery to capture social and psychological phenomena around games (literal games: chess, poker,
baccarat). Increasing unrest in Europe after 1933 led von Neumann to imagine this formalism as a solution to the rising
social instability and a tool to understand the impending international crisis [52, p.189-213].

The rigor of game theory’s formalizations, ironically, were a point of academic and political contestation. Concerning
scientific and political legitimacy, “the insistence on ‘purity’ and logical rigour [was] thought necessary by Morgenstern
to preserve economics from political influence” [52, p.141]. Yet for von Neumann, the logical rigor of this mathematics
of psychology and social coalition-building was explicitly part of a larger movement of “formalist” mathematics, but
also a rejection of a contemporaneous anti-formalist and pro-Nazi integration of psychology into mathematics [52,
p-221-223]. Other scholars aligned such formal approaches with pro-democracy approaches, rather than intuition-led
fascist framings, “equat[ing] the campaign for logical empiricism with the struggle for social reform” [52, p.122].

As described in the STS literature, a period of interpretive flexibility precedes scientific closure (§3). We can view
this contentious period in the American and European mathematical community as a period of interpretive flexibility
surrounding game theory. By the 1940s, this flexibility was no more, having given way to closure. Game theoretic
methods were institutionalized in U.S. policy during the Cold War, with the creation of institutions within and adjacent
to the U.S. government that would bring social scientific tools to bear on policy issues. These institutions, like RAND
and the National Science Foundation (NSF)’s social sciences division, brought game theory into the center of military
decision-making. (Note also the central role of game theory in the popular imagination of the Cold War in films such as
Dr. Strangelove and Fail-Safe, both released in 1964.)

Erickson et al. detail what they call the “ideal type of Cold War rationality,” an orientation toward formal reasoning
abstracted away from context [33]. This culture of rationality reflected the U.Ss culture of containment, creating highly
controlled “symbolic enclosure[s] within which the (il)logic of nuclear politics played itself out” [31, p. 118]. Early rhetoric
around military applications of game theory emphasized many of the same promises highlighted in contemporary
discussions around formal privacy. Rather than measuring and tuning a specific value, game theory promised to

integrate a host of values captured under the umbrella of “utility,” or, in the Cold War context, of “military worth” [32].



Ethical Closure Problems in Formalizing Technologies 9

Boundaries between science, values, and policy were consistently negotiated, with NSF authorities alternating between
rhetoric that emphasized the independence of basic science from political pressure on the one hand and rhetoric that
emphasized the political relevance of science on the other [50].

Despite the enthusiasm around game theory’s utility, however, critiques from inside and outside of the game theory
community grew over time. These critiques mirror several critiques of contemporary FTs, including formal privacy:
that they measured the wrong thing, or ultimately failed to capture the real-world impacts that people cared about.
Beyond the critiques themselves, it is worth examining the varying responses to these critiques. As the discrepancy
between formal and empirical became apparent, different groups took different approaches. One approach involved
ignoring this complexity and treating formal models as heuristic rather than reflective of reality. An alternative approach
involved making models more complicated to reflect the complexity of the empirical world. Most notably, Herbert
Simon introduced the idea of bounded rationality, relaxing the more assumptions of strictly rational actors in favor of a
model that tried to capture the limits of people’s decision-making capacity. Building on this, Daniel Kahneman and
Amos Tversky brought insights from psychology to try to capture the ways that cognitive biases might make people
likely to deviate from rationality in practice. While their descriptive findings undermined the empirical accuracy of
formal frameworks, Kahneman and Tversky maintained that, normatively, the rational ideal was something to strive
for. By highlighting “gulf between the normative and the descriptive”[33], their work on cognitive biases bifurcated the
science of description from the ethics of normative decision-making. Yet, other factions eschewed formal modeling
entirely, focusing on actionable predictions rather than generalizable theories. This emphasis on management, rather
than understanding, [70] reflects a move toward instrumentalism in service of efficient administration.

Game theory tried to create a closed world. While this closure ultimately proved to be fragile, it still had lasting
consequences in scoping ethical questions and policy interventions. Notably, game theory offered the foundations for
a related but distinct FT that has since been adopted in administrative and everyday contexts. Auction theory and
mechanism design, developed in the 1960s and 1970s, have seen more modern, recent wins in scientific consensus and
practical adoption (and closure). The Federal Communications Commission, an American administrative agency, ran an
auction for electromagnetic spectrum licenses in 1994 in consult with economists in this field; this practice has since
been continually renewed and produces billions of dollars in revenue [37, e.g.]. The adoption of these auctions explicitly
called upon legitimacy via efficiency (including such monetary rewards; see [75]); however, scholars dispute whether it

is efficiency and academic rigor, or instead ethical closure and profiteering, that drove these decisions [60, 76].

5 FTS AS RHETORICAL TECHNOLOGIES

The two use cases above reflect different time points in the research, development, translation, and adoption of FTs. But
what they share in common is a set of relationships to the values embedded in U.S. administrative state governance.
To investigate these relationships, we reframe the conversation around FTs by expanding our field of view. We claim
FTs are not only technological artifacts, but rhetorical artifacts: they present information in such a way where its
form, as much as its function, persuades stakeholders to prefer its adoption. This reframing does not detract from the
technological promise of FTs in helping to solve difficult policy problems, but instead helps contextualize the interplay
between what FTs contribute to policy discussions and how they contribute. By conceptualizing FTs as rhetorical tools,
we highlight their performativity [8, 12]: their ability not only to reflect reality, but also to construct it. In this case, FTs

meaningfully shape policy by framing political participation around a limited set of technical decisions.
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5.1 Rhetorical Technologies

Viewing FTs as rhetorical illuminates the way that FTs are deployed to enable certain decisions, while constraining others.
We focus on three rhetorical strategies shared by FTs illustrated in our analysis. First is the rhetoric of impossibility,
which ties technological impossibility to policy infeasibility. Administrators here make claims that equate the scope of
legitimate policy interventions with those legible to FTs. Next is the rhetoric of formal quantification, which centers
formal, probabilistic, and general risks over others with more contested, context-specific interpretations. Last is the
rhetoric of control, which emphasizes FT implementation decisions and parameters as the locus of policy negotiation
precisely because they allow for ex ante control of some policy outcomes. Administrators implicitly assume that policy
problems should be centered around FT implementation and parameter choices because they deterministically create
cause-effect relationships between policy decisions and outcomes.

First, the impossibility results that motivate FT development and adoption affect the scopes in which policy interven-
tions are deemed legitimate by administrators. In attempting to cull to broad space of possible policy interventions
into something more manageable, FTs offer a seductive solution: FT researchers and developers can work on the
“science” of policy mechanisms, and simultaneously, policymakers need only decide how to best deploy FTs. In our
two examples, the science of policy mechanisms means the spaces of privacy-enhancing technologies with equivalent
formal information leakage guarantees, or game theoretic mechanisms with the same formal equilibria properties.
Administrators then have an apparent solution to the “paradox of scientific authority" [15].

By creating a clear division between the consensus-driven, scientific, and supposedly objective space where FTs are
developed and the contestation-driven, subjective policy space where FTs are implemented, agencies help to insulate
their autonomy against external intervention by clearly designating where decision-making should occur, but that limits
who participates in that decision-making and how by prioritizing those with the ability to understand, contextualize,
and argue for or against FT implementation details. As a rhetorical strategy, the division provided by FTs is highly
persuasive to administrators because it adds technocratic weight to the policy alternative scoping process with seemingly
minimal modification. When administrators are considering policy alternatives not immediately reconcilable with a
particular FT, they’re offered two paths of least resistance: either modify or translate desired policy alternatives to
make them compatible with FTs, or exclude them as technologically infeasible. The ex ante nature of formal possibility
and impossibility suggests that, because one cannot make formal claims about particular policy outcomes, nothing of
value is lost in this scoping exercise. Instead, comparisons between policy alternatives on the same formal axes should
theoretically enable greater construct validity when comparing FT implementations.

Next, the logic of FTs values specific approaches to quantifying harm: formal risks, i.e. probabilistic risks over
randomness inherent to mechanism implementation, are deemed more scientific based on how successfully they
abstract away the background assumptions needed for making formal claims, especially when such assumptions may
be difficult or impossible to verify in advance. For example, FP methods typically rely on minimal to no assumptions
about a hypothetical adversary, which is seen as valuable because such assumptions involve subjective exercises of
justification. Therefore for FTs, the fewer assumptions needed, the more general, universal, or scientific a particular
formal claim can be. For example, formal privacy guarantees require weak or non-existent assumptions about what
adversarial data users know about individual data subjects. Similarly, auction mechanisms require weak or non-existent
assumptions about the kinds of information asymmetries that market participants may have. In doing so, FTs clearly
delineate between risks that are precisely, mechanistically controlled versus those that must necessarily be entangled

with unverifiable assumptions or unknowable future conditions.
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Administrators tasked with decision-making under uncertainty see this strategy to risk management as attractive
because FTs draw our attention to risks that reduce the administrative burden needed to make high-uncertainty decisions.
This reflects a general trend in how the administrative state increasingly makes decisions not about the probabilities
of harmful events, but the more possibilities of these events at all [7]. FTs generality provides assurances that are
independent of these possibilities, meaning the low-probability but high-risk events of interest are provably covered
in this new regime. In both our examples, FTs intentionally operate without making assumptions about unknowable
background information asymmetry conditions, be they about adversarial prior knowledge for formal privacy or market
signals for game-theoretic auctions. This creates the conditions for quantitative risk management that needn’t concern
itself with possibilities beyond its scope or control.

Lastly, FT ex-ante guarantees are both technically and rhetorically causal, a property lacking from an overwhelming
majority of technical claims made about contested ethical values. Because FTs construct their own cause-effect calculus,
the mere presence of avenues for control helps to justify prioritizing the resulting metrics that get controlled, regardless
of how relevant such metrics are to policy.! Privacy loss as a mathematical construct, for example, can be precisely
bounded through careful data publishing mechanisms unlike other technologies attempts to limit disclosure risks.
However, privacy loss is only one of many metrics to measure data processing’s privacy harms, and the connections
between privacy loss and more outcome-oriented privacy metrics is much more ambiguous. It is precisely the ability to
ex-ante bound privacy loss that motivates making such a metric the locus of negotiation for policy decisions, even if it
requires significant contextual interpretation.

Administrators see value in prioritizing these ex ante metrics over others because they can transparently demonstrate
the consequences of their interventions and their deterministic impact on policy under uncertainty. Just as with formal
quantification, FTs make the managerial task of demonstrating impact trivial by drawing attention towards metrics with
precise avenues for control. Contrast this with other policy interventions that require intensive program evaluations,

like social benefits programs, for which their quantitative effectiveness can be more readily contested.

5.2 Beyond Law, Beyond Quantification

Prior work has discussed the rhetorical power of law, technology, science, and quantification. A rhetorical study of
technology makes visible the reconfiguration that both technology and rhetoric create— creating new connections that
reflect, enable, and constrain various forms of agency [53]. As technologies that formalize ethical principles, FTs act
first and foremost as rhetorical devices that enact closure over open ethical questions. Both law and quantification
have historically played similar rhetorical roles, supporting closure in different ways. FTs go beyond both law and
quantification to combine formalizing effects of both. As rhetorical tools, FTs synthesize the strengths of quantification
and law to enable closure of open policy problems and contested, value-laden decisions. This rhetorical strength is
helpful for advancing bureaucratic goals, aligning with traditional pursuits of legitimacy via non-arbitrariness, efficiency,
and accountability

Law enacts closure by creating certainty, with foreseeable consequences for specific events [41]. Similarly FTs create

closure by creating policy instruments where inputs map predictably onto outputs. Simultaneously, FTs borrow their

!A contemporary of von Neumann and Morgenstern offered a critique of the self-limiting rhetoric of FTs. In correspondence from Herbert Simon to
Morgenstern, Simon characterizes the threat of the aesthetic, formal choices of game theory to drive their empirical relevance. In 1945 in response to
their seminal work on the Theory of Games and Economic Behavior, Simon wrote [excerpted in 52, p.260]:

“I am not certain that I understand Professor von Neumann’s position on this point, but I got the distinct impression from discussion

with him that his preference for the definition you used was based largely on aesthetic and formal grounds. Being a social scientist

rather than a mathematician, I am not quite willing for (sic) the formal theory to lead the facts around by the nose to quite this extent.”
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force from the rhetoric of quantification. In their work on the rhetoric of statistics in political discourse, Brendan
Lawson and Matthew Lovatt argue that statistical arguments function by eliding the circumstances of their production
[51]. By omitting the assumptions and people involved in their design, statistics appear to be factual representations of
the natural world, rather than human constructions. We observe this phenomenon in FTs, where abstraction allows
administrators to elide the messy work of justifying their assumptions.

Across both the formal privacy and game theory cases, we observe the same pattern of closure. Returning to the
closure as consensus formation (recalling the STS concept where we see closure through rhetorical closure and problem
definition), we observe that in both cases, FTs 1, leverage the rhetoric of optimization and non-arbitrariness to resolve
deliberation and 2, redefine the policy problem to fit within the scope of the FI’s parameterization. Moreover, through
closure-via-exclusion, we can see that FTs, in fact, constrain modes of participation in policy-making by limiting outside
intervention. However, this closure is more fragile than it may seem. We argue that FTs enact a form of closure based
not via democratic consensus, but instead via problem redefinition and rhetorical exclusion. Yet, even when the limits
of FTs are exposed, these technologies can have durable effects on policymaking approaches. As we observed in the
game theory case, technologies not only have the power to change social relations but also naturalize these new social
relations such that the process by which the technology was created and adopted disappear [5].

Like law, FTs create closure over open ethical questions. This makes both tools appealing for policymaking, allowing
decisions to be made in the face of uncertainty or ambiguity. Despite their similarities, however, law and FTs are not
interchangeable. Attending to the differences between these two closure mechanisms is instructive for two reasons. First,
we can identify differences in how closure is achieved and, second, we can distinguish between the policy consequences
of using law or FTs to intervene in ethical dilemmas.

In liberal democracies, the authority of law and of regulation are legitimated through processes that introduce checks
and balances. These checks and balances include democratic elections, judicial oversight, and public participation,
for example through the notice-and-comment system. These legitimation tactics emphasize the values of democratic
pluralism and create closure primarily through identifying or building consensus across a wide variety of interest
groups [69]. Moreover, via the legal system, law is legitimated through argumentation and justification, rather than
through appeals to objectivity [71]. However, this strategy is reversed in the case of FTs. Unlike the law, the authority
of FTs, is not often subject to deliberation or to checks and balances, and must therefore be legitimated by other means.

We argue that FTs, unlike law and regulation, circumvent the process of consensus building and instead enact closure
primarily via rhetorical exclusion. FTs move the consensus-building component of closure to the scientific community
and outside of the ambit of policy discussion. This creates closure by preserving the autonomy of technologies and the
agency officials involved in its adoption to interpret the meaning of ambiguous ethical questions. For example, the
Census Bureau advocated for DP by equating this particular definition of privacy with the confidentiality requirements
laid forth in Title 13 of the U.S. Code. Similarly, the technical impossibility results that motivated FP development are
being used to advocate for technocratically scoping the definitions of personal information in omnibus privacy laws
[6]. These interpretations use the perceived objectivity of scientific consensus to stand in for consensus among the
broader set of stakeholders implicated in the policy process. However, the scientific paradigm for consensus-making,
unlike political paradigms for consensus-making, is not built on compromise and negotiation but on expert judgment
and closed institutions like peer review. Moreover, scientific consensus cannot meaningfully stand in for consensus on
the ethical issues implied by policy choices. Yet, the meaning of privacy is heavily contested [56]. Despite widespread
contestation, DP rhetorically takes consensus about the meaning of privacy as a given by appealing to consensus within

a small scientific community. Consequently, FTs close off contestation about translation and operationalization decisions
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to the larger public and stakeholders that would traditionally be involved in the policy process. Instead, participation
and contestation for this larger group is limited to a narrow set of implementation decisions.

Formalizing technologies extend the legacy of quantification in establishing legitimacy. Similarly to other forms
of quantification, formalization leverages the perceived objectivity of numbers in order to limit external contestation
[65]. However, the literature on quantification has largely overlooked the different forms that quantification can take.
Formalization represents a particular strand of quantification, which has consequences beyond other quantitative
technologies. Specifically, FTs distinguish themselves from other forms of quantification through their emphasis on ex
ante guarantees rather than empirical measurement. These features shape the process of closure by shaping where
consensus occurs.

Prior work in STS shows that scientific expertise often does not produce consensus but instead becomes an object of
debate in itself [44]. However, because FTs are not tied to empirics, they are not easily contested on the grounds of
evidence. When game theoretic models failed to line up with empirical evidence, it was unclear how to diagnose the
problems, with many defenders of game theory arguing that solving these discrepancies was only a matter of creating
more complex models.

FTs can still be susceptible to controversy. For example, the Census Bureau’s adoption of differential privacy became
an object of significant controversy, in part because of value-laden issues like the political role of census data and
the meaning of privacy [17, 58]. However, such contestations are rendered out of scope by the rhetorical closure that
formalization enacts. Through its capacity to produce closure, FTs force debates to be on their own terms. Even when
controversies emerge in the broader public, FTs align squarely with broader administrative trends toward quantitative
demonstrations of legitimacy. The adoption of FTs amidst public concern reaffirms that performances of legitimacy are
often for and by the state, rather than designed to foster public trust [13]. Specifically, the process of closure enacted
by FTs closes off contestation to a small group of experts in order to preserve agency autonomy above democratic
accountability.

In doing so, FTs instrumentalize bureaucratic goals over other purported values, emphasizing efficiency as the key to
legitimacy. FTs make it easier to justify prioritizing efficiency by rhetorically restricting the scope of decision-making
to a single parameterization in an optimization problem. This parameterization often places efficiency front and center.
For example, FP mechanisms are deemed “state of the art” by technologists for their ability to maximize data utility at a
fixed privacy level, while auction mechanisms are deemed optimal when they maximize price discoverability under
fixed participation constraints. This emphasis on efficiency is aligned between bureaucrats and the technologists or
scientists often responsible for FT design [14, 16, 72]. However, overlooks a more pluralistic and democratic notion of

what values ought to be at the core of political decision-making.

6 CONCLUSION

In this paper, we show that FTs invoke ethical closure by constraining ethics with the force of technology. Specifically,
FTs bypass the democratic consensus-making process by limiting the scope of contestation and those who are able
to contest to more closely align with expert-driven scientific consensus-making. Relying on scientific consensus to
stand in for democratic consensus forecloses the possibility of negotiation which is key to resolving ethical ambiguities
in a pluralistic society. Extending beyond law and beyond mere quantification, FTs leverage the rhetorical power
of both to constrain the space of legitimate policy participation and intervention. The rhetoric used to justify FTs
has consequences for how policy decisions are scoped (i.e. which alternatives are legitimate or not) and how policy

alternatives are evaluated (i.e. how to assess which alternatives meet particular ethical end goals). As John Lynch and
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William J. Kinsella write, “Rhetorical studies of technology (or technologies) ideally encourage us to identify and reflect
upon the moments of decision in technological development writ large. They ask us to examine the choices that we
have made during the creation and dissemination of any given technology, which we can hopefully revise or redesign.”
[53] By reflecting on the rhetorical power of FTs, we recover the hidden political decisions embedded within the work of
formalization. Through the process of formalization, policymakers crystallize new relationships between the technical
and the social, between science and policy. Viewing FTs as fundamentally rhetorical matters because the line between
science and policy is inescapably blurry; we should not sustain illusions that FTs can perform this bifurcation for us
[15]. In order to strive for holistic policy evaluation, we must sometimes confront evidence that resists formalization
(whether formalization in general or the formalization du jour), even when such evidence threatens the legitimacy of
FTs. Through productive contestation around ethical values, administrators might endeavor to create closure through

democratic consensus-building rather than rhetorical exclusion.
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