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Abstract

This study examines how system resilience can be strained when governments define and
mistranslate epistemological uncertainties into technical and managerial problems, using
two comparative case studies of sociotechnical disasters (i.e., nuclear safety failure and
pandemic digital surveillance). Drawing on Funtowicz and Ravetz’s post-normal science
as a framework, the analysis introduces three types of uncertainties and conceptualizes the
“mistranslation of uncertainties,” through which this research illuminates a structure whereby
epistemic diversity is marginalized, and in turn, policy legitimacy deficits in implementation
can be amplified, potentially eroding sociotechnical resilience. The article contributes to
the field of sociotechnical resilience by (1) visualizing uncertainty mistranslation, which
leads to a legitimacy deficit, (2) illustrating how mistranslation develops from a monolithic,
technocentric understanding of uncertainties, and (3) proposing a framework of “resilience
for legitimacy” that seeks to embed resilience work and co-production of responses within
institutional practices. This research highlights how the co-production of epistemological
translation and social order, encompassing deliberation and social feedback, can support
democratic legitimacy and thereby resilient governance of sociotechnical systems.

Keywords: sociotechnical disasters; uncertainty; post-normal science; epistemic diversity;
co-produced resilience

1. Introduction
Policymakers and experts often attempt to domesticate uncertainties by turning open-

ended epistemological questions about what can be known, by whom, and under what
assumptions into narrower technical or methodological scopes that appear more tractable
in existing institutional routines [1]. However, scientific assessments of natural hazards,
environmental uncertainties, and systemic vulnerabilities rarely offer clean, “evidence-
based” answers that policymakers look for to legitimize high-stakes decisions. Instead,
what Funtowicz and Ravetz have called post-normal conditions, where facts are uncer-
tain, values in dispute, stakes high, and decisions urgent, are increasingly the prevailing
conditions rather than an exception [2]. This growing prevalence is because governance
of current technological systems, whether in nuclear power, public health surveillance, or
other critical infrastructures, takes place under conditions of complex uncertainties [2–4].
These uncertainties often extend beyond the errors in parameters or calculation formulas
to boundaries of social consensus on modeling assumptions, the validation of modeling,
and even the policy value of research outcomes and political conclusions on the acceptable
level of risk. Therefore, uncertainties inevitably demand appropriate processes of public
debate and institutional negotiation [2–9].
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Sociotechnical systems are embedded in networks of institutions, expertise, and ma-
terial infrastructures that blur the lines between scientific reasoning, political authority,
and social legitimacy [10–27]. The more sociotechnical buffers distance us from nature,
the more tightly our technological systems become intertwined with social institutions,
political and cultural contexts, and ecological complexity [28]. Within this tangle, sci-
entific and technical uncertainties of systems, especially those reduced to numbers and
models, regularly run up against policymaking processes that still expect clear, defensible
answers [29,30]. Regulatory science [5,6] highlights this tension by showing how science
used for policy must negotiate gaps between expert knowledge and the social order it seeks
to support. Traditional reductionist approaches tend to tame uncertainty through measure-
ment and modeling, but this strategy strains against the epistemological dimensions of
policy problems that fall outside narrow feasibility testing [2,5–7].

Therefore, this study argues that the mistranslation of uncertainties is not merely
a cognitive or communicative glitch. Scientific uncertainties originate from incomplete
agreements on subjective judgments, methodological vagueness, and the unavailability of
information and data. Unpredictability of social dynamics and political instability, inherent
limitations of defining variables, and limited datasets can hinder precise scientific assess-
ment and quantified judgment. When epistemological uncertainty regarding the limitations
of models, predictive scenarios, or monitoring equipment is reframed as an engineering
problem solvable within a certain technocrat group, diverse approaches to the uncertainties
and alternative interpretive proposals are excluded. The systemic marginalization of epis-
temic diversity and justified constraints on daily life that emerged during the Fukushima
nuclear disaster and South Korea’s COVID-19 response attest to this dynamic. In Japan, the
long-standing debate over tsunami risk scenarios and seawall design was defined solely
within specific expert circles as a probabilistic argument about technical feasibility. In South
Korea, despite deep uncertainty about scientific facts, like the probability of viral spread
from asymptomatic transmission, mass data collection and restrictions on personal privacy
were legalized and enforced as legitimate technocratic approaches. In both cases, the way
uncertainty was handled upstream conditioned not only material resilience but also the
democratic quality of crisis governance.

Against this backdrop, the research advances the literature on environmental risk
governance and resilience in three ways. First, it reframes the translation of scientific
uncertainty as a mechanism that can give rise to legitimacy deficits in sociotechnical
systems. Based on the distinction between technical, methodological, and epistemological
uncertainty proposed in “post-normal science,” this study examines how misinterpretations
or reductions in these uncertainties, along with the knowledge excluded in the process,
inevitably became codified as “incompletely theorized agreements (e.g., uncomfortable
knowledge),” where relevant institutions found it difficult to accept [31] p. 112, [32]. Second,
the legitimacy approach to the Fukushima nuclear accident and South Korea’s COVID-
19 response illustrates how knowledge production processes unreasonably transformed
epistemological uncertainty into technical problems, such as seawall height or digital
tracking system design. In doing so, this study describes how the knowledge narrowed
the space of deliberation, excluded epistemic diversity, weakened their legitimacy, and
ultimately affected the resilience of sociotechnical systems.

Third, extending existing resilience and risk-governance work, the analysis proposes a
“resilience for legitimacy” framework that specifies institutional practices of communica-
tion, inclusion, integration, and reflection for dealing with epistemological uncertainties
over long temporal and broad spatial scales. Rejecting resilience as a purely engineering
property of “bouncing back,” the resilience framework appropriately translates and af-
fords epistemological uncertainties by centering procedural openness, epistemic pluralism,
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and co-produced legitimacy. The knowledge-making process is a vital part of building
legitimacy, ensuring good governance for complex, modern systems (e.g., healthcare and
energy grids), and enhancing infrastructure resilience to withstand a crisis. This means
that figuring out “what we do not know” is not just a technical problem for engineers
or scientists to solve; rather it is a problem of how society institutionalizes and governs
uncertainties [33].

“Legitimacy hence relates not only to political arguments for institutions being
justified in exercising political power but can also be extended to the analysis of
the quality of knowledge” [8] p. 5.

As such, the critical area to explore is how governance systems requiring legitimacy
under conditions of crisis systemically mistranslate epistemological uncertainties into tech-
nical and administrative scopes. Drawing on insights from science and technology studies
with a systems approach, this research suggests a conceptual framework to understand how
complex sociotechnical governance manages uncertainty, failure, and resilience. However,
this study does not aim to provide comprehensive empirical verification or examine causal
sequences. Rather, it aims to offer a conceptual framework for exploring the intersectional
approach to mistranslation governance and epistemological uncertainties in the sociotech-
nical resilience contexts. Sections 2 and 3 outline types of uncertainty, while Section 4 shows
how epistemological uncertainties are systemically reduced to technical or methodological
terms, limiting epistemic diversity and undermining democratic legitimacy, conditions
that ultimately weaken system resilience. Section 5 develops a “resilience for legitimacy”
approach that integrates co-production and resilience governance, treating uncertainty not
as an obstacle but as a starting point for reflexive and adaptive policymaking [34].

2. Theoretical Review: Democratic Legitimacy Deficit in Translating
Scientific Uncertainties

Policymaking, backed by scientific advice and discussion, frequently encounters legiti-
macy challenges when uncertainty is substantially involved. The transparency, rationality,
and procedural integrity of scientific advice all shape the way policies are formulated.
Although scientific evidence typically strengthens the rational basis for policy decisions
and improves transparency, uncertainties of evidence complicate trust and weaken policy
acceptance. Particularly in contexts mistranslated by conflicting interests on scientific uncer-
tainties, the participation and structure of scientific advisory committees may themselves
become contested. Scientific uncertainty challenges policy accountability and precipitates
judicial disputes (Figure 1).

A legitimacy deficit arises from priorities on definitive outcomes while confusing
the boundary of epistemological uncertainty. Administrative priorities on definitive out-
come over open-ended deliberation necessarily foreclose alternative interpretations and
exclude from decision-making potentially relevant epistemic actors, often including civic
organizations, communities, and diverse scientific groups. This intensifies an institutional
disconnect between scientific expertise and democratic governance [8] ( 1⃝, 4⃝). The “science
advisory curtain,” depicted in Figure 1, epitomizes this insulation, where expert judgments
( 3⃝) are shielded from political scrutiny by stakeholders ( 2⃝).

For instance, answering the question “To what extent do we require strict, intensive
tracking systems in the COVID-19 response?” leads to a societal inquiry beyond the level
of scientific assessment and deliberation on how much the policy interferes with privacy
rights written in constitutional laws. With evidence on asymptomatic transmission limited,
quarantine and contact-tracing policies on an unsubstantiated basis can undermine public
trust in the scientific community’s judgment once the evidentiary weakness is revealed.
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Figure 1. Democratic legitimacy deficit in the science-policy decision-making model on uncertainties
(Source: author). Dotted lines indicate the institutional independence and structural boundaries of
knowledge body, the scientific advisory committee.

Scholars in science and technology studies have long theorized how scientific reason-
ing cannot be directly translated into its social implications ( 5⃝). In disaster management,
for example, models used to simulate floods generate deductive numerical results that
rely on embedded assumptions and simplifications [35–37]. Sociotechnical models often
privilege linearity and reductionism, obscuring epistemic plurality and overrepresenting
deterministic interpretations. Even when models retrospectively match observed data,
they construct only one possible representation of complex realities, particularly for rare or
extreme events such as pluvial flooding [35,38–40].

Saltelli and Funtowicz [3] emphasize that scientific models are powerful exploratory
tools but poor arbiters of certainty. Their assumptions and methodological constraints
propagate through systems, leading to misleading precision. Policies that lean excessively
on reductionist models are susceptible to fallacies and incomplete risk framing. As Saltelli
et al. [4], p. 484 caution,

“Mathematical models are a great way to explore questions. They are also a
dangerous way to assert answers. . . Asking models for certainty or consensus. . .
can invite ritualistic use of quantification. Models’ assumptions and limitations
must be appraised openly and honestly. Process and ethics matter as much as
intellectual prowess.”

Legitimacy also begins to erode once scientific, political, and social systems fail to
meet the criteria of “throughput legitimacy [8].” Conventional scientific advisory struc-
tures, compromised with uncertainties, lacking epistemic diversity, jeopardize procedural
transparency and, in turn, policy legitimacy. This is particularly problematic in post-normal
situations in which factual relationships are somewhat unclear, and conflicts of interest
are acute [2,9]. Under these conditions, the isolation of technocrats and scientific advisors
instead amplifies and exposes the vulnerability of knowledge governance.

The danger of homogeneous translation of uncertainty, highlighting legitimacy discon-
nect inherent in the pursuit of numeric complacency [7,8,41–43], has long been discussed.
When scientific judgments are used for policy justification without adequate filtering, the
fractured interplay between science, society, and policy has historically manifested in
various fields, including health policy, environmental protection, and social welfare. In
extreme cases, this lack of legitimacy leads to disaster causation, policy incoherence, and
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administrative failure, as seen in the Fukushima nuclear accident in East Asia and the initial
COVID-19 response [44–47].

The central question, therefore, is how societies can complement a dearth of legitimacy,
remaining grounded in bounded factuality interpreted by a unitary group. The sections that
follow analyze how different types of uncertainty operate within sociotechnical systems
and how epistemological uncertainties can be connected to more inclusive, participatory
structures, overcoming uncertainty constraints [45,48,49].

3. Framework: Visualizing Uncertainties
A clear delineation of the types and sources of uncertainty is a prerequisite to strategiz-

ing resilience planning for knowledge making and disaster preparedness. Funtowicz and
Ravetz [2] identify the classification of three core uncertainties, each distinctly correspond-
ing to characteristics and policy domains (Table 1). First, technological uncertainty concerns
numerical exactness and engineering precision to be translated into policy. Designing
and constructing a dam, for example, involves calculations of water inflow and outflow,
where variability or error margins must be technically quantified. Second, methodological
uncertainty posits model assumptions. These, for instance, include choices of temporal
scales, forecasting precipitation, or hydrological variations. Any real-world hypothesis test
encompasses auxiliary assumptions, which may themselves introduce error [50] p. 16.

Table 1. Types of uncertainties during the 2011 Fukushima disaster and the COVID-19 pandemic.

Technical uncertainty
(Bouncing back)

“How many digits are reliable?”
- The inexactness of numbers
- Technological factors
- Known knowns

- Figuring out engineering predicaments
(e.g., operationalizing infrastructures)
- Constructing and managing seawalls
- Manufacturing COVID-19 testing kits and drive-through testing

Methodological uncertainty
(Adaptation; bouncing forward)

“To what extent are methods reliable?”
- The unreliability of prediction
methodologies (assumptions)
- The complication of social and
environmental factors
- Known unknowns

- Using prediction models and anticipating threats within a
certain range
(e.g., adjusting infrastructures)
- The inundation areas with finite variation in tsunami heights
- Tracking close-contact patients and calculating their movement
- Testing and finding (a)symptomatic patients
- Modeling the spread of virus (the Basic Reproduction
Number (R0) modeling)

Epistemological uncertainty
(Transformation)

“What can be known about this phenomenon?”
“How do we know that we know?”
- Ignorance and unknowable uncertainties
- Social-Ecological-Technological complexities
- Unknown unknowns

- Impactful decision-making based on lack of scientific data
(e.g., transformational changes from valleys to reservoirs
with infrastructures)
- Making decisions on the height of seawalls and the site of
backup generators (i.e., calculating the height of tsunamis
and the areas)
- Anticipating the surge of COVID-19 variants and
implementing vaccination
- Restrictions on dining inside
- Vaccination and mandates (vaccine safety and convincing
people to be vaccinated)

(Source: author; adapted from Funtowicz and Ravetz [2], Gim et al. [51], Meerow et al. [52], and Muñoz-Erickson
et al. [53]).

Lastly, epistemological uncertainty deals with the problems implicating social, insti-
tutional, or ecological outcomes that exceed the boundaries of scientific calculation and
modeling. Decisions about how to adjudicate water rights and allocate the outflow from
a reservoir, or which level of safety regulations should be implemented for nuclear facili-
ties coping with tsunami risks, translate political judgments, adjust value trade-offs, and
embrace long-term societal negotiations. Governing epistemological uncertainty neces-
sarily addresses post-normal science inquiries: participatory engagement and reflexive
deliberation [2]. Technical modeling alone rarely resolves disagreements about acceptable
risk levels, infrastructural scales, legitimacy of trade-offs, or distribution of burdens for
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economic consideration impacting technical design. These reflect fundamentally social
questions and multi-stakeholder deliberation.

Figure 2 visualizes the different contexts of uncertainties listed in Table 1. In general,
technological uncertainties prioritizing numerical accuracy and scientific models resolve
uncertainties by determining the exact gradient from point A, which makes it easy to define
the direction of change in a variable (e.g., traffic flow) [54,55].

Figure 2. Visualizing different types of uncertainties (Source: author). Dotted lines denote undefined
contexts and trajectories.

Considering the gradient from A to B or A to C, it is evident that sociotechnical
trajectories differ: the slope is positive during t0–t1 (A to B), but negative during t0–t2 (A to
C). These differences illustrate methodological uncertainties associated with, for instance,
selecting temporal scales, which models handling multiple variables often struggle to
define. While a trajectory between A and C may be defined, choosing the appropriate
temporal scale remains challenging to predict a gradient beforehand for any given period
(e.g., in Colorado River water allocation; see Gim [56]).

In Figure 2, over the more extended period of t0–t3, a model attempting to predict a
gradient must first determine which trajectory is assumed among several moving targets
(e.g., A–D, A–E), if they do. This requirement introduces epistemological uncertainties
beyond calculation or variable issues, calling for reflexive and participatory governance
to specify (social or technological) targets. Under such conditions, “simple concepts of
causation” become insufficient for policy anticipation [57] p. 438.

As Table 1 and Figure 2 together show, it remains unclear how even improved techni-
cal or methodological adjustments and calibrations can address and justify the variations
in outcomes of tsunami models, particularly when institutional blind spots intervene. This
leaves the complex interplay of epistemological uncertainties unresolved. The epistemolog-
ical uncertainties and following social outcomes hidden in nuclear disaster preparations
and tsunami predictions, such as forecasts of complex and irregular natural phenom-
ena and results, differ significantly from the goal of “basic, curiosity-driven science” [39]
p. 14; [58] p. 255. Focusing on engineering and methodological uncertainties pursues deter-
ministic causality, employing statistics and incorporating temporal–geospatial conditions
to calculate correlations through “retrodiction” models that compare the past observed data
with current empirical ones [35,48,50,59,60]. Acknowledging the inherent epistemological
uncertainties in science shifts and opens up scientific conversations toward more inclusive
and balanced governance discussions.

“Anticipatory governance comprises the ability of a variety of lay and expert
stakeholders, both individually and through an array of feedback mechanisms, to
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collectively imagine, critique, and thereby shape the issues presented by emerg-
ing technologies before they become reified in particular ways. Anticipatory
governance evokes a distributed capacity for learning and interaction stimulated
into present action by reflection on imagined present and future sociotechnical
outcomes.” [61] pp. 992–993.

4. Analysis: Mistranslation of Uncertainties
The following case studies conceptually and theoretically analyze the Fukushima

nuclear accident and South Korea’s COVID-19 response. The analysis demonstrates how
various types of uncertainty are, in some cases, misinterpreted at the policy and institutional
levels, thereby transforming into policy uncertainty or systemic vulnerability. Instead
of conducting empirical investigations of these events, the analysis relies on secondary
literature sources of journal articles, official governmental investigation reports, statutory
documents, and news articles illuminating the case analysis.

4.1. Seeking a Definitive Number: 5.7 Meters (2011 Fukushima Nuclear Disaster)

The Fukushima case clarifies the mistranslation mechanism of epistemological uncer-
tainty (t0–t2, A to C in Figure 2). The regulatory design for nuclear safety and tsunami
preparedness extended far beyond engineering considerations. The Japan Meteorological
Agency initially warned that only a three-meter tsunami would reach the Fukushima power
plant area after the magnitude 9.0 earthquake on March 11 [62,63]. After the disaster, it was
reported that an ostensibly “unanticipated” event caused a station blackout at Fukushima,
which led to cooling system failures, explosions in Units 1, 3, and 4, and the meltdown of
three reactor cores. Tsunami prediction is less technically mature and less statistically robust
than seismological models of crustal stress and precursory phenomena [64]. Determining
wave heights induced from the impacts of nuclear disasters, regulatory capture, economic
feasibility, risk compliance, social culture of risk perception, earthquake magnitude, scale,
tidal conditions, and coastal geology includes not only a task of numerical decision, but
also a complexity of epistemological considerations [65].

Revealed critical epistemological limitations extend beyond methodological or tech-
nical boundaries (Table 1). Combining Figures 1 and 2 illustrates the process by which
epistemological uncertainty is narrowed down to more specific categories of technical
or methodological uncertainty, “uncomfortable knowledge” [31]. Reductionist technical
approaches prefer technical feasibility and numeric quantification over contemplating the
nature of epistemological uncertainty. Regarding tsunami risks, diverse perspectives of
different domains are much less appreciated. Questions of systemic uncertainty were
narrowly defined [2,9,66,67]. Key epistemological questions related to scientific and tech-
nological assessment, central to tsunami and nuclear safety regulation, were not fully
considered [2,66,67]. Given the complexity of tsunami prediction, a clear epistemological
consensus on the limitations of scientific models should have been revisited earlier [64].
No official warning for a large tsunami was issued, and the flooding hazards at Fukushima
were not fully vetted or translated into preparedness measures, convoluted with insufficient
scientific evidence [68]. Consequently, pre-existing regulations on tsunami prediction were
ill-suited for nuclear plant construction in Japan [46,68].

The Tokyo Electric Power Company (TEPCO) case shows an organizational pattern of
containing uncertainties within comfortable technical thresholds. (Figures 3 and 4), rein-
forcing a technological framing of preparedness. In the 2011 Fukushima nuclear disaster,
major issues in applying tsunami predictions were understood as obtaining precise data
and making sound judgments [69]. TEPCO relied on its conventional method, searching
for a selective, bifurcating number to meet established regulations as a means of evading
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legal responsibility. Remaining within a narrow technological zone also allowed TEPCO to
avoid broader, out-of-the-box social deliberation on nuclear-related uncertainties. Social de-
liberation might have generated stronger mandates or prompted more extensive modeling
and public hearing processes. Such a “fail-safe” risk assessment culture of engineering was
paradoxically unsustainable in response to nonlinear and evolving conditions [60,70]. This
mistranslation of epistemological uncertainties shifted the challenge of calculating moving
targets (e.g., A–D, A–E) to the simplified gradient, such as A to B or A to C in Figure 2.

Figure 3. The relationship between the lack of epistemological consensus on uncertainties and
increased vulnerabilities (Source: author).

Figure 4. The type of uncertainties and mistranslation of uncertainty in the 2011 Fukushima disaster
and COVID-19 (Source: author, modified from Funtowicz and Ravetz [2]).

Notably, internal TEPCO documents revealed that as early as 2006, the company’s
safety management team evaluated the probability of a tsunami exceeding 5.7 m, the
maximum height in its preparedness plan [71]. However, this information did not translate
into corrective policy or infrastructure decisions. In Fukushima’s case, technical forecasts
alone did not prompt sufficient pre- or post-disaster action, signaling a consistent failure
in preparedness and response systems [36,39]. TEPCO oversimplified uncertainties and
misclassified epistemological issues as merely an issue of modelling accuracy (Table 1,
Figure 2). TEPCO systematically dismissed historical evidence, social concerns, and alter-
native technical models that warned of larger tsunamis [46,68,71]. Reductionist models
validating Earth system predictions possess inherent limitations, while raising important
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questions about the extent to which we can accept the suggested level of risks and the
decision legitimacy from such models in policy contexts [39,62,63] (Figure 1).

Safety regulations and key decision-making, underestimating epistemological uncer-
tainties, on seawall design and assessments of inundation risk and back-up generators were
primarily clouded by engineering quantification. This amplified public distrust towards
TEPCO’s closed engineering practices and culture, as well as the entire energy system
resilience in Japan, in the aftermath of the disaster.

4.2. Tracking COVID-19: Uncertainties and Infringements on Freedom and Privacy in South
Korea (2020–2021)

Korea’s response system to COVID-19 epitomizes the structure of taming epistemolog-
ical uncertainty into a technocratic control realm with contested legitimacy. The trade-off
between protecting public health and safeguarding individual privacy arose in containing
the outbreak and spread by adopting draconian restrictions on the right of movement
regarding “infection-suspected persons” cases during the COVID-19 pandemic in South
Korea. During the early stages of the pandemic in 2020, responsible national and local
agencies implemented extensive containment policies. COVID-19, or coronavirus disease,
is caused by SARS-CoV-2, an RNA virus belonging to the Coronaviridae family [72], and
was designated a “Group 1 infectious disease—novel infectious syndrome” under Article 2,
Subparagraph 2 (l) of South Korea’s Infectious Disease Control and Prevention Act (here-
after “the Act”). To manage viral transmission, the South Korean government undertook
responsibilities to treat and hospitalize infected individuals, while simultaneously imple-
menting policies to “generate, analyze, and provide information related to an infectious
disease” and to build and operate an information system for outbreak prevention and
management (Article 4 (2), Subparagraphs 1, 2, 5, and 14) (as of 2020) (Figure 5).

The COVID-19 Epidemiological Investigation Support System, launched on 26 March 2020,
replaced earlier manual methods based on interviews and phone calls. It enabled authorities to
track the movements of confirmed and suspected cases using credit card transaction histories,
transportation card usage data, and image data obtained from surveillance cameras. These
location-based data were then used to identify and trace close contacts for further investigation
(Appendix B). This digital platform was initially devised under the National Strategic Smart
City R&D Program, funded by the Ministry of Land, Infrastructure and Transport (Figure 6).
However, it was repurposed during the pandemic to track viral transmission.

Using a digital tracking network, extensive personal information about name, resident
registration number, address, age, gender, telephone number (including mobile number),
prescription records, medical treatment history (e.g., symptom onset date and diagnosis
date), and travel history of confirmed and suspected cases, was mandated to be disclosed
throughout the medical service network of the National Health Insurance Service and the
Health Insurance Review and Assessment Service (Appendix B). This information was
generally accessible for medical examination, prescription, and treatment, as well as used to
justify enforcing isolation and other compulsory measures by local governments (Infectious
Disease Control and Prevention Act, Article 76-2 (1), (2), (3)).

Furthermore, pursuant to the Act, individuals who exhibited no symptoms but fall
into the category of “infection-suspected persons” were also subject to diagnostic testing
(Article 13 (2)), mandatory quarantine, and symptom monitoring through digital and com-
munication technologies (Article 42 (2)). Those who refused investigation were compelled
to face legally enforceable sanctions (Article 42 (4)), without scientific certainties surround-
ing COVID-19 transmission (Figure 5). These provisions raised critical questions about
the contested means of compulsory quarantining and tracking of “infection-suspected
persons,” where democratic consensus lacks legitimacy. For detailed legal arrangements,
refer to Appendix A.
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Figure 5. South Korea’s tracking and surveillance systems during the COVID-19 Outbreak as of 2020
(Source: author). Arrows depict the inflow and outflow associated with visitors, patients, COVID-19
testing results, and medical service data. Key excerpts from A. Quarantine Act and B. Infectious
Disease Control and Prevention Act are provided in the Appendix A.

Figure 6. COVID-19 epidemiological investigation support system (Source: Ministry of Economy and
Finance of South Korea [73] p. 44). The two panels illustrate South Korea’s COVID-19 Epidemiological
Investigation Support System (EISS) interface as of 2020. The left panel summarizes the main
dashboard with real-time data collection of the number of COVID-19 confirmed cases, retrieved from
regional heat maps, demographic analysis, and tracking modules. It contains the quantification of
close contacts based on credit card transactions and cellular location data. The right panel displays an
example map of a confirmed case’s trajectory in chronological order to visualize rapid contact tracing.
The non-English text within the figure remains untranslated, as the tracking system was originally
communicated to South Korean citizens in Korean during the pandemic.

To trace individuals categorized as “infection-suspected persons,” even detailed lo-
cation data were collected and transmitted through relevant government agencies (e.g.,
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Korea Centers for Disease Control and Prevention, KCDC, as of 2020) broadly for follow-up
actions such as epidemiological investigations. The travel history and medical data of indi-
viduals who were suspected of testing positive were reconstructed, analyzed, and shared
across surveillance, isolation, and medical systems operated by KCDC, local governments,
quarantine facilities, and hospitals. Epistemological uncertainties and unexamined assump-
tions shaped policy decisions even though the authorities had constrained understanding
of COVID-19 transmission. The KCDC adopted intrusive, privacy-restrictive measures
while disregarding scientific contestation on transmission and limited and rapidly evolving
evidence on the effectiveness and proportionality of such measures (e.g., mandatory testing,
enforced quarantine, and behavioral monitoring) and being challenged by constitutional
contestation over tracking technologies and the disclosure of private information. This is
an instance of the mistranslation of epistemological uncertainties to technological methods.
Such limitations, therefore, embedded in the control measures, constrained the legitimacy of
public health policies that scientific communities suggested and intensified social resistance
to intrusiveness.

For example, following the 2020 Itaewon outbreak, petitioners challenged the gov-
ernment’s collection and processing of Itaewon base-station connection data obtained
from mobile network operators without individual consent or judicial authorization. They
argued that tracing close contacts and telecommunications records infringed informa-
tional self-determination and privacy rights. Although, on April 25, 2024, the Korean
Constitutional Court upheld the constitutionality of Article 76-2(1)(1) of the Infectious
Disease Control and Prevention Act (as in effect at the time) and dismissed the challenge
to the specific data-collection as inadmissible, contestation over the scope and targeting
logic of blanket data collection continues to reverberate, disrupting social cohesion, and
weakening trust in the scientific basis for infection-risk claims [74]. Social stress and re-
sistance to privacy intrusion, social stigma, unethical approach of digital surveillance,
expanded prosecutions, and imposition of fines widened the distrust gap between advice
from scientific advisory communities and layperson perceptions on local and national
authorities [32,60,75,76].

5. Discussion: Legitimacy Governance
5.1. Conflicts Between Technological Translation and Epistemological Uncertainty

A recurring theme across disasters is that technological approaches tend to confine
understanding within technical boundaries and struggle to identify the deeper uncertainties
in scientific models themselves. An amalgamation of uncertainty translation marginalizes
divergent voices and weakens knowledge-making legitimacy. Technocratic convenience
can “lead to greater costs than if no predictions were provided” [36] p. 98. The common
argument from technocrats is that technical or methodological uncertainties in predictions
(e.g., logistical challenges) were unavoidable and therefore the root cause of system failures.
Engineering-based frameworks tend to chase technical “puzzles” and “single determinate
quantities” [77] p. 123, yet, even with advances in data science and machine learning, the
classic insight that “the whole is more than the sum of its parts” remains relevant. Ironically,
TEPCO’s post hoc justification framed the cause as an unavoidable disaster in tsunami
forecasting, a narrative strategically aligned with avoiding legal liability [78].

NISA, the regulatory authority responsible for nuclear power plant safety, operated un-
der the Nuclear Science Committee and adhered to “The Regulatory Guide for Reviewing
Safety Design of Light Water Nuclear Power Reactor Facilities.” These guidelines, last up-
dated in 1990, did not address tsunami-related risks. This regulatory near-sighted myopia
reinforced TEPCO’s corresponding legal responsibilities, which were narrowly defined,
encouraging the company to focus exclusively on technical clarity while overlooking the

https://doi.org/10.3390/systems14030273

https://doi.org/10.3390/systems14030273


Systems 2026, 14, 273 12 of 22

broader epistemological context necessary for recognizing the limitations of reductionist
models in addressing unpredictable phenomena. According to International Atomic Energy
Agency guidelines, NISA should have required TEPCO to relocate backup generators to
higher ground, protect lower sections of reactor units with impervious shielding, and
secure additional backup pumps for flooding scenarios [68]. However, NISA mandated
none of these measures while trusting myopic calculation.

The bureaucratic responses of crisis management reveal a failure to engage with
the complexity of tsunamis and pandemics critically. TEPCO dismissed plural scientific
predictions regarding the tsunami magnitude. Independent investigations afterwards
subsequently questioned whether TEPCO and regulatory bodies considered the possibility
of system failure, given the nature of tsunami uncertainties and the operation of nuclear
plants. Findings revealed that TEPCO was entrenched in a bureaucratic myth of technical
perfectionism, a belief in the “absolute safety of nuclear power plants” [79,80] p. 14. That
said, it is critical to ensure that scientific limitations, institutional boundaries, and societal
implications of technological or methodological approaches are openly acknowledged
and discussed to minimize linear, bounded technocratic solutions, which marginalize the
epistemological limitations [81].

Technological models face inherent constraints in mapping “the sensitivities of results
to divergent assumptions.” [4,11,77] p. 123. During 2020 and 2021, in South Korea, many
individuals of confirmed cases who violated self-isolation orders or failed to comply with
compulsory measures were prosecuted or fined by local governments and the justice de-
partment. Self-isolation mobile applications enabled public officials to monitor violators’
movements, mask-wearing behavior, interpersonal contacts, and credit card use, extracted
from public transportation logs, card transaction histories, surveillance camera footage, and
even video recordings of dashcams in private vehicles. These restrictive means did not
mandate warrants for administrative implementation under Korean law, while raising consti-
tutional concerns regarding privacy and human rights under South Korean law. Misguided
policy implementations amid epistemological uncertainties complicated the decision-making
coordination and engendered unanticipated severe consequences [32,60,75,76].

5.2. From Scientific Uncertainties to Resilience for Legitimacy

Dependence on probabilistic calculations is misleading when addressing “fuzzy and
controversial socio-political problems” [77] p.119, [82]. When contextual uncertainties
are substantial or poorly understood, socially constructed judgments, rather than narrow
technocratic assessments, strengthen policy legitimacy, enhance knowledge quality, and
improve public acceptance [8]. In contexts in which uncertainty intersects with contested
value judgments held by diverse epistemic communities, broad stakeholder participation,
rather than exclusive reliance on technical experts, opens up space for conversation, se-
curing legitimacy and public acceptance, as illustrated in Figure 1 [8,83–85]. Under such
conditions, decision-making under uncertainty shifts emphasis toward weighing in on the
legitimacy of policies. These considerations are central to bridging science and democratic
legitimacy [8,43,47,48,60,86].

The cases discussed in Table 2 (i.e., the Fukushima nuclear disaster and South Korea’s
COVID-19 response) synthesize the dynamics of social construction of scientific legitimacy.
As Jasanoff [87] emphasizes, scientific assessments are not universal but are “constructed
in different ways in different political and cultural settings” (p. 127). What constitutes
a “sound” assessment varies depending on context, “scale,” “interactivity,” and “contin-
gency” [87] p. 125. In both crises, system vulnerabilities escalated as knowledge governance
broke down across institutional levels.
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Table 2. A “resilience for legitimacy” framework to translate uncertainties and enhance system
resilience (Source: author).

Resilience,
Uncertainties,

and Legitimacy

Resilience
Work Fields

Temporal
Scale/Spatial/Functional

Organizational
Practices

Instrument and
Governance

Legitimacy
Mechanism Specific Cases

Technical
Uncertainties

Operational,
engineering
approaches

Minutes to Months/
Discrete infra or

equipment/
Sustaining

- Equipment monitoring
- Optimizing operational
practices
- Technical backup systems

- Technological equipment
- Technical expertise
- Quantitative risk assessment

- Standardizing
- Engineering
protocols

- Real-time reactor
monitoring
- COVID-19 contact
tracing and disclosure

Methodological
Uncertainties

Regulatory, and
methodologi-
cal innovation

Months to Years/
Sociotechnological
Systems/Adapting

- Agile project management
- Multi-stakeholders
- Adaptive compliances
and check-ups

- Scientific/Technological
modeling
- Consultation with
various experts
- Interfacing knowledge
domains

- Boundary
organizations
- Multi-disciplinary
anticipation

- Tsunami modeling
convergence
- COVID-19
transmission models

Epistemological
Uncertainties

Transformational
approaches to
policymaking

Years to
Decades/Societal

Systems/Transforming

- Collective values
and reasoning
- Post-normal science
approaches
- Social learning
and feedback

- Precautionary principles
- Anticipatory governance
- Democratic deliberation

- Epistemic Pluralism
- Democratic
legitimacy and
inclusiveness

- Height of
Fukushima
seawalls
- Asymptomatic
transmission and
data privacy

Note: adapted from Gim et al. [51].

Institutional strategies of democratic deliberation, grounded in post-normal science
and resilience frameworks, are outlined in Table 2. The ignored contextual complexity
and expanded temporal and geospatial scales of epistemological uncertainties in Figure 1
create “socially comfortable zones” in which identified hazards appear manageable but later
reemerge as latent factors in systemic failures. The suggestive framework in the table applies
precautionary principles and implements anticipatory governance in which “unforeseen con-
sequences” and “long-term impacts” are explicitly acknowledged [59,86,88–91]. Employing
the openness and inclusivity of participatory and deliberative approaches may warrant
Funtowicz and Ravetz’s [2] concept of post-normal science while confronting contested
values and ambiguous social translations [2,9,51,84].

Wildavsky’s (1988) warning remains instructive: “all resilience, no anticipation, or
vice versa—would be destructive” [92] p. 83. His caveat that “under considerable un-
certainty, resilience is the preferable strategy; under substantial certainty, anticipation
does make sense” (p. 79) highlights the need for institutional flexibility and balanced
resilience practices. Achieving this balance requires procedural openness and epistemic
diversity to prevent legitimacy deficits within scientific bureaucracies that must navigate
unpredictable or low-probability events [92] p. 79. In this regard, consistent with the
framework proposed in this research (Table 2), societies should strive to better understand,
innovate, and institutionalize resilience in response to technological, methodological, and
epistemological uncertainties. Resonating with Wildavsky (1988) [92], the framework of
Table 2 conceptualizes “resilience for legitimacy” as a governance system’s capacity to treat
democratic legitimacy as enabling conditions (e.g., inclusive communication, integrative
reflection) for resilience. Transparent procedures, inclusive deliberation, and institutional
learning underpin comprehensive systemic resilience to maintain core protective functions
(e.g., safeguarding public health or critical infrastructure), when facing epistemological
uncertainties and challenges [57] p. 439.

The recent “resilience engineering” notion also differentiates resilience from engineer-
ing control, emphasizing procedural and institutional practices rather than deterministic
projections [70,93–95]. Bruneau et al. [54] conceptualize engineering resilience as the return
time required for a system to come back to its previous status quo, emphasizing robustness,
redundancy, resourcefulness, and rapidity (p. 737) after engineering risks. However, for
resilience governance, prioritizing resilience processes over purely engineering-based out-
comes is essential [70,93,94]. The legitimacy approaches advocated in this study stand “in
stark contrast to equilibrium-centered, command-and-control strategies” [55] p. 255 and in-
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stead call for “the collaboration of a diverse set of stakeholders operating at different social
and ecological scales in multi-level institutions and organizations” [55] p. 262. Optimizing
a combination of engineering anticipation, social values, and legitimate reflection can help
prevent destructive system failures and enhance overall system resilience [92].

5.3. Implications for System Governance

As Barben et al. [61] suggest, robust governance requires “feedback mechanisms” that
mobilize collective imagination and epistemic diversity to shape technological trajectories.
To illustrate, a counterfactual governance implication can be deduced across the Fukushima
and COVID-19 cases. To make the suggested institutional practices in Table 2 more ac-
tionable, the following counterfactual implication, grounded in reflexive observation on
legitimacy deficit and scientific uncertainties, can provide insights for governance design.

Counterfactual implication: If “extended peer communities” had been executed such that citi-
zen science groups, civil society, academic scholars, and governmental agencies could have freely
shared and discussed tsunami risks and privacy concerns, public trust would have increased, and
the sociotechnical trajectory would have shifted from limited engineering perspectives, triggering
preventive precautions on undefined uncertainties in testing sensitivity. Narrower technical episte-
mology could have been extended into a better-balanced practice of weighing in on public concerns,
formal agency reviews, anticipated hazard intensity, and social ramifications, which would have
taken a different, legitimate pathway of knowledge-making prior to crises. Any obsolete assumptions
would have been discarded with this hypothetical route of knowledge co-production.

In Fukushima, however, these mechanisms were missing. Epistemic diversity and
feedback mechanisms essential for robust governance on the construction of a 5.7 m seawall
were largely absent. Distorted preparedness efforts systematically pushed unresolved
uncertainties out of discussion before disasters occur. TEPCO’s disaster-preparedness
practices were fixated on calculating and favored the technical and methodological “low-
hanging fruit” of the cost–benefit consideration associated with seawall construction.

5.4. Limitations of the “Resilience for Legitimacy” Framework and a Facilitating Checklist

The epistemic diversity framework is applicable to post-normal governance under
conditions of uncertainty. As a plausible heuristic lens, it helps clarify contextual dynamics
and reduce the risk of legitimacy deficits leading to mistranslations of epistemological
uncertainty. To implement the framework effectively, the following checklist in Table 3 can
be a resilience governance guideline for respective stakeholders before, during, and after a
disaster (Table 3).

Table 3. A checklist in the application of the “resilience for legitimacy” framework (Source: author).

Stakeholder Preparation Response and Recovery

Policymakers/public authorities
Developing uncertainty scenarios; sharing
information; funding for review and
public deliberation

Documentation of event analysis

Scientific advisory Clarifying contested assumptions; coordinate
with dissent; scientific communication

Supporting institutional updates
after post-event review

Industry operators Stress testing for surprises; enabling
external feedback; compliance

Transparent data sharing of
operation during events

Civil society Local knowledge sharing; local interest
matrix; community monitoring

Participatory engagement and
community feedback
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6. Conclusions
TEPCO dismissed conflicting tsunami projections, and the NISA did not require further

scrutiny of inconsistent model outputs prior to the 2011 Fukushima disaster. Historical
evidence and divergent risk assessments were sidelined. In the COVID-19 response, the
South Korean government concentrated on halting viral transmission, paying far less attention
to the social ramifications placed on individuals subjected to intensive tracking. To trust a
government and regard it as legitimate, it is not enough for the leaders to have the right to be
in charge. Policymaking also has to retain trust in the process of those big decisions.

Given the two cases investigated, we find that science and technology at times fail to
fully model real-world dynamics or adequately capture the complexities of sociotechnical
systems [36,39,69]. Science and technology play a crucial role in legitimizing and imple-
menting public policies, especially in mitigating catastrophic natural disasters, such as
floods or hurricanes, and in identifying system vulnerabilities. By applying democratic
approaches to uncertainty in forecasting tsunamis or viral spread, policymakers must
avoid overreliance on technological methods and devices when resolving wicked uncer-
tainties. Instead, typologies of uncertainty should be translated into resilient, democratic
management systems.

Taking epistemic diversity seriously through structured deliberation is essential to
developing resilient systems. Insulated knowledge co-production in science and technology
can become a double-edged sword: even though the insulation attempts to uphold policy
integrity, it may undermine democratic legitimacy and policy effectiveness. As demon-
strated in Fukushima’s probability modeling and South Korea’s tracking of symptomatic
and asymptomatic COVID-19 cases, the oversimplification of sociotechnical uncertainties
in post-normal science obscures the “wickedness” inherent in crisis governance, a critical
factor contributing to disastrous outcomes and infringements on civil rights [96,97].

More critically, transformational shifts in how policymakers perceive, evaluate, and re-
spond to epistemological uncertainties are the first step to innovating and institutionalizing
resilience approaches that account for contextual uncertainties [64]. Ultimately, optimizing
the alignment among engineering anticipation, societal values, and democratic legitimacy
should be carefully considered to enhance knowledge legitimacy and subsequently system
resilience and avoid destructive failures [92]. Ignoring the diversity of knowledge systems
exacerbates legitimacy deficits and hampers system resilience, as illustrated by TEPCO’s inad-
equate seawall decisions and South Korea’s tracking systems during COVID-19. Conventional
crisis management tools anchored in technological models and narrow assessments can mis-
translate scientific and technological uncertainties, hinder social legitimacy (e.g., democratic
deliberation and social consensus), and produce adverse consequences.

The concepts of “legitimacy deficit” and the “resilience for legitimacy” framework
can be extended and applied to additional sectors, including climate extremes, public
health crises, and energy outages. To identify how mistranslation emerges and enabling
conditions mature, future research could employ mixed methods, including document
analysis, interviews, focus group meetings, and quantitative modeling, to locate signals of
diminished legitimacy deficits in decision-making systems.
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Appendix A
Relevant Legal Arrangements for Tracing COVID-19

The Infectious Disease Control and Prevention Act

Article 34-2 (Disclosure of Information during Infectious Disease Emergency)

(1) When an infectious disease harmful to citizens’ health is spreading, the Minister of
Health and Welfare shall promptly disclose information with which citizens are
required to be acquainted for preventing the infectious disease, such as the movement
paths, transportation means, medical treatment institutions, and contacts of patients
with the infectious disease; provided, that any relevant party with respect to whom
there exist any matters inconsistent with the facts among the disclosed matters or who
has any opinion on the disclosed matters, may file an objection with the Minister of
Health and Welfare.

[This Article Newly Inserted by Act No. 13392, 6 July 2015]

(2) Necessary matters concerning the scope, procedures, methods, etc., of the disclosure
of information as prescribed in paragraph (1), shall be prescribed by Enforcement Rule
of the Ministry of Health and Welfare.

The Infectious Disease Control and Prevention Act

Article 76-2 (Request to Provide Information, etc.)

(1) If necessary to prevent infectious diseases and block the spread of infection, the
Minister of Health and Welfare or the Director of the Korea Centers for Disease Control
and Prevention may request the heads of relevant central administrative agencies
(including affiliated agencies and responsible administrative agencies thereof), the
heads of local governments (including superintendents of education prescribed in
Article 18 of the Local Education Autonomy Act), public institutions and individuals,
designated under Article 4 of the Act on the Management of Public Institutions, such as
medical institutions, pharmacies, corporations, organizations, and individuals, to
provide the following information concerning patients, etc. with infectious diseases and
persons likely to be infected by infectious diseases, and persons in receipt of such
request shall comply therewith: <Amended by Act No. 14286, 2 December 2016>

1. Personal information, such as names, resident registration numbers prescribed in
Article 7-2 (1) of the Resident Registration Act, addresses, and telephone numbers
(including cell phone numbers);
2. Prescriptions prescribed in Article 17 of the Medical Service Act, records of medical
treatment prescribed in Article 22 of the same Act, etc.;
3. Records of immigration control during the period determined by the Minister of
Health and Welfare;
4. Other information prescribed by Presidential Decree for monitoring the movement
paths of patients with infectious diseases.
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The Infectious Disease Control and Prevention Act

Article 76-2 (Request to Provide Information, etc.)

(2) If necessary, to prevent infectious diseases and block the spread of infection, the
Minister of Health and Welfare may request the relevant head of the National Police
Agency, regional police agency, and police station established under Article 2 of the
Police Act (hereafter in this Article, referred to as “police agency”) to provide location
information of patients, etc. with an infectious disease and persons likely to be infected
by an infectious disease. In such cases, notwithstanding Article 15 of the Act on the
Protection, Use, etc. of Location Information and Article 3 of the Protection of
Communications Secrets Act, the relevant head of a police agency, upon request by the
Minister of Health and Welfare, may request any location information provider defined
in Article 5 (7) of the Act on the Protection, Use, etc. of Location Information and any
telecommunications business operator defined in subparagraph 8 of Article 2 of the
Telecommunications Business Act, to provide location information of patients, etc. with
an infectious disease and persons likely to be infected by an infectious disease; and the
location information provider and the telecommunications business operator in receipt
of such request shall comply therewith, except in extenuating circumstances.
<Amended by Act No. 13639, 29 December 2015>

Enforcement Decree of the Infectious Disease Control and Prevention Act

Article 32-2 (Information Requestable to be Provided)

“Information prescribed by Presidential Decree” in Article 76-2 (1) 4 of the Act, means
the following:

1. Credit card, debit card, and prepaid card statements defined in subparagraphs 3,
6, and 8 of Article 2 of the Specialized Credit Finance Business Act;
2. Transportation card statements specified in Article 10-2 (1) of the Act on the Support
and Promotion of Utilization of Mass Transit System;
3. Image data compiled through image data processing equipment defined in
subparagraph 7 of Article 2 of the Personal Information Protection Act.

Enforcement Rule of the Infectious Disease Control and Prevention Act

Article 27-3 (Scope, Procedures, etc. of Information Disclosure in the event of an
Infectious Disease Crisis)

(1) In case the declaration of the “notice” or “warning” level is more serious than the
“caution” level issued under Article 38 (2) of the Framework Act on the Management of
Disasters and Safety, the movement paths, transportation means, medical treatment
institutions, contact status, etc. of infectious disease patients shall be posted on the
information and communications networks or released to the public by means of the
press release, etc. pursuant to Article 34-2 of the Act.

(2) A party to information under paragraph (1) may file an objection with the Minister of
Health and Welfare by means of oral, written, etc., if any of the matters disclosed are
different from the facts or if there is an opinion, and the Minister of Health and Welfare
shall take necessary measures, such as correction of the information disclosed accordingly.
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Appendix B
An Example of the Movement Paths of a Confirmed Case: The First Community Transmission
Patient in South Korea

Patient
Number

Personal
Information

Infection
Route

Confirmation
Date

Inpatient
Institution

Number of
Contacts
(Contact
Persons in
Isolation)

29
Male (South
Korea, 38)

Under
Investigation

February 16

Seoul
National
University
Hospital

117 (117)

To investigate the cause of infection, the scope of the investigation is being expanded
based on the activities of the patient for two weeks (January 20 to February 4) prior to
the patient’s symptom onset date, and the patient was confirmed to have visited the
Jongno Senior Welfare Center and Baduk Center before the symptom onset date, and the
facility users are under investigation about symptoms and overseas travel histories.

On February 15, a COVID-19 diagnosis was conducted based on the judgment of the
medical staff, who diagnosed pneumonia during a chest X-ray test while the patient was
visiting the emergency room of Korea University An-am Hospital for the examination of
chest discomfort and treatment for suspected myocardial infarction. The patient tested
positive on February 16.

Currently, the patient is being quarantined at the designated hospital (Seoul National
University Hospital), and although there are signs of fever and pneumonia, the patient’s
condition is stable overall.

The patient stated that he had not visited a foreign country since December 2019, and
the source of the infection, the route of infection, and contact are being investigated by
the immediate response team and the local government.

(February 4) Moving from Dongmyo Station to Sinseol-dong Station (15:53–15:57) by
subway, and moving from Sinseondong Station to Dongmyo Station (21:36–21:46)
(February 5) Moving from Dongdaemun Station to Nokyang Station by subway
(11:41–12:41), moving from Nokang Station to Dongdaemun Station by subway
(12:43–13:38), visiting a medical institution located in Jongno-gu, Seoul (Shinjung
Hospital of Internal Medicine, Jibong-ro 61-1), visiting a pharmacy located in Jongno-gu
(Boram Pharmacy, Jongno 326) at around 15:10, and 20 in Jongno-gu, Seoul.
(February 6) (Checking the path of movement)
(February 7) Visit a medical institution (Shinjung Hospital of Internal Medicine) located
in Jongno-gu at around 14:20 p.m. and move to Soyosan Station from Dongmyo Station
by subway (14:37–15:53)
(February 8) Visit a medical institution (Gangbuk Seoul Medical Center) in Jongno-gu at
around 11:30 and visit a pharmacy (Spring Pharmacy, Jibong-ro 37-1) in Jongno-gu at
around 11:40 p.m.
(February 9) (Checking the path of movement)
(February 10) Visit a medical institution (Gangbuk Medical Center) in Jongno-gu, visit a
pharmacy (Boram Pharmacy) in Jongno-gu at around 9:15, move from Sinseondong
Station by subway (14:04–14:53), and move from Deokjeong Station to Dongmyo Station
(14:58–16:14)
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(February 11) Visit to a medical institution (Gangbuk Seoul Medical Center) in
Jongno-gu around 11 p.m.
(February 12) Visit a medical institution (Gangbuk Seoul Medical Center) in Jongno-gu
at 10:50 p.m. and visit a pharmacy (Spring Pharmacy) in Jongno-gu at 11:05 p.m.
(February 13) (Checking the path of movement)
(February 14) A round-trip from Changshin Station to Bonghwasan (17:57–18:53) by subway
(February 15) Visit a medical institution (Gangbuk Seoul Medical Center) in Jongno-gu
at around 11 p.m. and visit the emergency room (Korea University An-am Hospital) in
Seongbuk-gu around 11:45 p.m. and move to a negative pressure isolation room around
16:00 p.m.
(February 16) Transferring to a designated hospital (Seoul National University Hospital)
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