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ABSTRACT

This article examines how the notion of “real time” in the development of Artificial Intelligence
(Al) and its application in healthcare settings raises new challenges for a sociology of time,
temporality, and temporalization. Drawing on a review of specialized literature and fieldwork
(including interviews and documentary analysis conducted as part of an ongoing study of time in
health systems in Chile) we identify the different meanings that “real time” assumes in Al-based
innovations. We critically analyze its configurations around immediacy, opportunity, continuous
surveillance, predictability, and utility maximization, and we show how these configurations
reconfigure clinical practices, hospital management, and temporal experience in health services.
Finally, we discuss the theoretical and methodological challenges that these processes pose for
social studies of time.
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Artificial intelligence and real time in healthcare: challenges for a sociology of time, temporalities,
and temporalization

INTRODUCTION

Currentadvances in Artificial Intelligence (Al) are creating new links between social dynamics
and time. Their articulation with sensing technologies distributed across everyday life, as in
the Internet of Things; the increasing capacity and speed of data computation, including Big
Data and advances in chips and processors; and algorithmic engineering that enables analysis,
autonomous and deep learning, and decision-making are transforming how social time is
ordered. Together, these developments form part of what has been called the fourth industrial
revolution, or Industry 4.0: the organization and management of diverse spheres of social life
through intelligent systems interconnected in real time (Schwab, 2016; Yang, 2018).

The term Al has increasingly functioned as an umbrella concept that gathers these
innovations and their technical, organizational, and social complexities (Dahlke, 2024;
Lindgren, 2023). As a first approximation, these systems derive their intelligence from
automation and autonomy, as well as from assessments of the effectiveness and efficiency
of the relationship between their inputs and outputs in a given sphere of action. These
assessments often compare Al systems with alternatives such as human performance or
previous machines and technologies (Lopez, 2024).

From a process-oriented perspective, Pasquinelli's (2025) approach helps describe
the orientation of these innovations by defining Al as “a project to capture the knowledge
expressed through individual and collective behaviors, and encode them into algorithmic
models to automate the most diverse tasks” (p. 10). Debates about this project have examined
how the fourth industrial revolution is transforming previous forms of common life, including
its short-, medium-, and long-term effects, its risks, and the political and social possibilities
of governing this process and orienting it ethically (Aguerre, 2024; Cortina, 2024; Innerarity,
2025; Sadin, 2020). However, social scientists have given less attention to its specific effects
on the configuration of dynamic temporality (Castillo-Sepilveda et al., 2025).

In this article, we offer a reflection on how the idea of “real time” in Al developments,
and in the technological innovations through which Al enters healthcare settings, raises
challenges for a sociology of time, temporality, and temporalization. We base our analysis
on a focused review of the literature on Al, time, and healthcare, together with significant
examples drawn from fieldwork involving interviews and documentary collection. This
fieldwork forms part of an ongoing study of time in health systems in Chile. We characterize
the different senses in which the notion of “real time” operates in Al-based innovations
in healthcare. Specifically, we analyze how each sense (organized around immediacy,
opportunity, continuous surveillance, predictability, or utility maximization) reconfigures
clinical practices, hospital management, and temporality in health services. Finally, we
discuss how these findings reveal new theoretical and methodological challenges for social
studies of time, temporalities, and temporalization.

THREE MOMENTS OF REAL TIME

During the media phenomenon surrounding the transmission of the Gulf War (1990-1991),
Virilio argued that this conflict constituted a world war “in the world time of the immediacy
of information” (Virilio & Ewald, 1996, p. 68) and “the first world war in real-time” (p. 68). He
also claimed that the war inaugurated a new form of deterrence: weapons of control, which
marked “the rise of the instantaneous collection of data from everything that moves, from
everything that exists” (Virilio & Ewald, 1996, p. 68).
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A few decades later, COVID-19 created an opportunity to introduce and display new
technological capacities for pandemic control, especially real-time epidemiological
surveillance. In several Asian countries, particularly China and South Korea, technologies of
perception, communication, information processing, computation, modeling, and projection
converged into systems for real-time virus surveillance and population control (Han, 2020;
Pasquinelli, 2025). At the same time, telework expanded the use of technological assemblages
among algorithms, labor platforms, and communication systems as precise devices for real-
time surveillance and control (Pizzi et al., 2025).

From this point, real time acquired a distinctive temporal inflection as anticipation. This
shift generated phenomena such as digital anticipation (Pink et al., 2022), in which real-time
calculations of probable potential futures return, also in quasi-real time, as updates in the
present. It also produced algorithmic futures (Ruckenstein & Trifuljesko, 2022), which involve
dynamics of anticipation and sophisticated algorithmic prediction. When a surveillance and
control device treats a calculated probable future as imminent, it triggers actions in the
present (for example, preventive actions) and thereby updates that future.

In Industry 4.0, these distributed yet globally articulated technologies generate a complex
transformation in temporal dynamics. On one hand, they produce a self-referential loop: the
present calculated to estimate the probability of possible futures becomes, almost at the
same time, an updated calculated future. On the other hand, they generate a calculated real
time that replaces earlier forms of real time.

THE SOCIOLOGIES OF TIME, TEMPORALITIES, AND TEMPORALIZATION

Sociology has made important contributions to the understanding of time as a social fact.
It has recognized the coexistence of varied temporalities and developed a sensitivity to the
processes through which social life becomes temporalized (Hassard, 1990; Subrt, 2021). This
tradition offers several analytical axes for examining how Al challenges the sociology of time:
i) the relations among institutionalized forms of temporalization, individual and collective
agency, and multiple temporalities; ii) the role of technology and heterogeneous agencies
in the temporal organization of social life; iii) time and temporalization as media of power
relations; and iv) the complexity of relations among past, present, and future.

Institutionalization of time, temporalization, and multiple temporalities

The emergence of Industry 4.0 appears to generate new and complex relations among
multiple temporalities, processes of temporalization, and the constitution of time. Following
Torres (2022), recent Al innovations tend to bridge the third and fourth industrial revolutions
by i) enabling a more precise, rapid, and immediate articulation of heterogeneous
temporalities, including physical, digital, biological, and cultural temporalities; ii) extending
automation across different spheres of action; iii) making possible the simultaneity of events
and processes that may not be synchronous; and iv) imposing an unprecedented acceleration
on sociotechnical processes.

Early sociological contributions already help explain the sociotechnical relations among
multiple temporalities, temporalization, and time. This can be seen in the work of authors
such as Durkheim, Sorokin and Merton, Mead (Nowotny, 1992), and Simmel (Staudacher,
2023). These authors examined the dynamic relations among the sociogenesis of temporal
experience, social interaction, and the technological and cultural frameworks of social time.
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Following Nowotny (1992), Durkheim and Sorokin and Merton approached the social genesis
of time through the processes by which societies manage the rhythm of social life. Sorokin and
Merton, in particular, characterized social time as qualitatively heterogeneous and marked by
intervals derived from collective activities. These activities, in turn, sought to coordinate and
synchronize shared local practices, thereby generating diverse rhythms of social life.

Mead and Simmel developed a particular concern with the sociogenesis of temporal
experience. For Mead, temporal experience begins when events interrupt the flow of time.
Time comes into existence only through the structuring of sequences of unique events;
however, temporal structuring also emerges from shared intersubjective practices (Nowotny,
1992, p. 428). For Simmel, the subject’s being is a being of difference that produces time as a
processual sequence of past, present, and future (Staudacher, 2023). This being occurs within
a culturally mediated temporality that provides temporal frameworks for the supraindividual
coordination and alignment of actions, as well as for individual flexibility. These cultural
frameworks also contain temporal norms for coordinating action, including rules about
rhythms, durations, and sequences. Such norms differentiate social groups into hierarchies,
classes, genders, and other formations. Simmel's contributions therefore point in two
directions: his analyses of temporality in the constitution of the social and his theorization
of time as a way to characterize modern society (Staudacher, 2023).

Simmel’s analyses of social time as a defining feature of modern society offer points
of continuity with the societies projected by the fourth industrial revolution. For example,
Simmel links modern temporality to the capitalist monetary economy, in which the
monetization of time imposes a logic of performance optimization and acceleration oriented
toward returns on investment. This logic shapes subjective experience by making individuals
especially sensitive to signs of profit and waste, speed and slowness (Staudacher, 2023).

For Simmel, the metropolis and metropolitan life materialized this modern temporality.
Metropolitan life organized itself through norms of calculability, exactitude, and punctuality,
in which coordination and synchronization became fundamental (Staudacher, 2023). In this
sense, just as the metropolis and metropolitan life constituted the modern materialization
of social time, Industry 4.0's project of progressively assimilating diverse spheres of social
life into intelligent systems interconnected in real time may turn these systems into the new
metropolises of the fourth industrial revolution in late modernity.

In the 1970s, Luhmann (1978) made highly relevant contributions to social studies of time.
The central novelty of Luhmann's thought lies in replacing the actor/action scheme with a
time/action scheme, in which time appears as a temporal difference between means and
ends. He also conceives time within systems theory: as the simultaneity of the occurrence
of actions and as the application of temporal difference, including before/after, time/
eternity, past/future, and measured time/time that is measured (Elchardus, 1988; Nowotny,
1992). For Luhmann (1978), complex systems build themselves from present actions and
involve temporalized complexity. They require time to sequence the multitude of relational
patterns that constitute the elements of the system, which makes time relatively scarce.
Systems can therefore be described and differentiated according to their temporalized
complexity: that is, according to how they compose temporal relational patterns among
their constitutive elements.

Also in the late 1970s, Giddens (1979) appeared to take up Simmel's concern with the
relations between agency and structure and, later, with the relation between temporality and
spatiality (Giddens, 1985). For Giddens (1979), time, as structure, constitutes both a medium
and an outcome of human agency, in accordance with the principle of the duality of structure.
As a process, time operates in the structuration of social life by establishing unrecognized
preconditions for action. Giddens therefore proposes a constitutive relation between time
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and action: action can only be analyzed by recognizing its embeddedness in the temporal
dimension, and the temporal dimension can only be analyzed by recognizing it as an
emergent property of action (Nowotny, 1992). Later, following Hagerstrand's contributions to
time-geography, Giddens (1985) argues that movement in space also constitutes movement
in time. This movement forms part of the time-geographic reality composed by networks
of interaction created by individuals’ daily, weekly, monthly, and life-course trajectories in
specific geographies.

Technology and heterogeneous agencies in the temporal organization of life

The fourth industrial revolution has emphasized heterogeneous agencies, especially
through technological processes of automation and automatization. At this point, Science
and Technology Studies (STS) offer valuable analytical contributions.

The phenomenon often termed the “acceleration” of time (Rosa, 2011), in relation to
technical transformations, also involves profound normative, cultural, moral, and social
changes. For this reason, STS has emphasized the need to address these transformations
without epistemic reductionism. It proposes analyzing such formations in irreductive terms
(Latour, 2000), that is, by examining how heterogeneous entities become configured or
assembled through associations among agents of diverse kinds, both human and nonhuman
(Tirado & Domeénech, 2005). From this perspective, Al innovations can be understood as
valuative, economic, material, ecological, and political assemblages in which relations
with temporality and temporalization become observable. In the case of Al, algorithmic
compositions do not necessarily determine how temporalities become articulated, whether
through acceleration or through the overlapping of rhythms in habitual dynamics. Rather,
their effects emerge from the institutional, technological, normative, and human relations in
which they are situated.

According to Latour (2007), time is a provisional result of the ways in which diverse entities
become joined together. As he states, “a temporality has nothing temporal about it. It is a
mode of ordering for relating elements” (p. 112). The specific temporal dynamics acquired
by articulations between humans and nonhumans, as in Al innovations, emerge in multiple
assemblages. These assemblages consist of covariations among elements of diverse kinds, in
which all elements enact their possibilities for action and for formulating scales, dynamics,
rhythms, and relative durations (DelLanda, 2016; Latour, 2008).

Time and temporalization as media of power relations

Sociology has offered numerous and varied contributions to the understanding and
study of time as a medium of power relations, converging in a political sociology of time
(Gokmenoglu, 2022). One tradition draws on Marx and Durkheim to study how technological
change transforms the temporality of work and reconfigures power relations (Pasquinelli,
2025). For example, Zerubavel (1979) proposed the concept of sociotemporal order to
study the temporal structuration of life in institutionalized contexts such as hospitals.
Later, Sharma (2013) proposed the study of a power chronography to describe how the
acceleration and deceleration of work processes can operate as tactics within broader
strategies of power in work contexts.

Among the most recent contributions, the concept of “temporal regime” stands out
because it provides a framework for examining the heterogeneous material conditions that
produce dissimilar temporal patterns while also allowing scholars to analyze a politics of
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time. According to Torres (2022), “A ‘politics of time’ implies a temporal regime in which time
is placed as a matter of rationalization and administration of life” (p. 49). With the concept
of temporal regime, Torres (2022) proposes a theoretical framework for understanding the
temporal structures of society, together with an empirical sensitivity to their situated and
culturally embodied forms.

Torres (2022) characterizes temporal regimes through their iterability, articulability,
and governability. Iterability refers to the recurrence of temporal perspectives, especially
the role of the past as a stabilizing element. Articulability refers to the ways temporal
heterogeneities become connected, making it possible to observe regularities and different
types of directionality, such as linearity and circularity, retrospection, projection, expectation,
duration, and rupture. Governability refers to the temporal uses that produce effects of power
and to the set of temporal rules oriented toward the conduct of individual and collective
behavior, which turn time into a strategic field. Following Torres (2022), the third and fourth
industrial revolutions share a regime of efficiency and efficacy through automation, the
treatment of time as a resource to maximize, and the production of a global homogeneous
time that this regime requires.

Relations among past, present, and future in temporality and
temporalization

Some sociological studies have questioned and complexified linear temporal relations by
considering the dynamic character of orientations toward the future (Bell, 1996). Two moments can
be distinguished. The first, known as future studies, focuses on the projection of possible futures
and on research into how desired or feared futures can be achieved or prevented (Andersson,
2018). The second focuses on actors’ orientations toward the future as an object of inquiry and
treats perceptions of the future as social facts. From this perspective, actors’ orientations toward
the future influence the course of social outcomes (Beckert & Suckert, 2021).

Research on perceptions of the future includes three major clusters (Beckert & Suckert,
2021): i) studies that treat orientations toward the future as dependent variables shaped
by other independent variables; ii) studies that examine the multifaceted ways actors
imagine the future; and iii) studies that focus on political struggles over the construction and
dissemination of different orientations toward the future.

In the context of the fourth industrial revolution, Al generates hybridizations that
complicate these distinctions in future studies. Al functions not only as a machine for
calculating futures but also as an actor that narrates and gives meaning to time. From this
perspective, its perceptions and predictions must also be considered social facts. Drawing
on process philosophy, especially Bergson and Whitehead, and narrative hermeneutics,
especially Ricoeur, Coeckelbergh (2021) argues that Al becomes a creator of meaning or a co-
narrator that shapes our temporality by producing a particular linkage among past, present,
and future. First, by calculating probable futures from previous information, Al can “fix us on
the past” by reproducing historical biases. Second, when Al processes present information
in real time to predict and prevent the realization of potential futures through immediate
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interventions, it generates a self-fulfilling prophecy loop. Third, through its consultation
devices, Al becomes epistemically installed as an oracle: a co-narrating agent that gives
meaning to time and contributes to temporalization by establishing temporal relations
among events. In this way, Al constitutes itself as a normatively relevant “time machine” that
produces a certain type of temporal closure with a stabilizing effect on social systems.

METHODS

This article adopts a qualitative, exploratory approach. Its exploratory design responds
to the novelty of the object of study. Although the sociology of time has a solid tradition,
and although scholars have increasingly examined Al in health from ethical and technical
perspectives, the specific articulation that this article addresses—how regimes of immediacy
and algorithmic anticipation reconfigure the politics of time in healthcare—remains an
emerging field (Lupton, 2022; Tyskbo & Nygren, 2024). Therefore, this article maps this
emerging terrain and contributes to an initial and contextualized understanding of the
problem (Babbie, 2021).

As we show below, the term “real time,” as used to explain various Al applications in
healthcare, operates as a multiple and structuring notion whose meaning varies across
contexts of application, including clinical, administrative, and insurance contexts. An
exploratory study offers the most appropriate design for capturing this diversity of meanings
and emerging practices without imposing rigid theoretical categories a priori (Stebbins,
20071). This approach allows us to “follow the concept” (Tavory & Timmermans, 2014) across
its different empirical manifestations, which is necessary for understanding its capacity to
reconfigure time in the healthcare ecosystem.

The empirical corpus comes from three types of sources: i) specialized scientific literature
on real time in Al-based healthcare innovations (n = 39); ii) semi-structured interviews with
key actors in the Chilean health ecosystem, including the public and private sectors, selected
because of their proximity to the development or implementation of Al applications (n = 9);
and iii) online documents, including website information and Chilean press articles, selected
through an inclusion criterion requiring explicit attention to the intersection among health,
the problematization of time, and Al applications (n = 12).

Given the cutting-edge character of Al innovations in health, the bibliographic search
began in the Web of Science (WoS) database. We selected the corpus (n = 39) through a
bibliometric analysis assisted by the Tree of Science (ToS) software (Zuluaga et al., 2022). This
process helped minimize biases associated with single-database searches, focus the corpus
by relevance, and support a subsequent directed content analysis based on concepts, in this
case, “real time.”

We selected interviewees through a dual strategy. First, we conducted an initial mapping of
actors relevant to the topic in the health ecosystem, considering the two fields of the study—a
public hospital and a private clinic—as well as actors linked to the Ministry of Health. Second,
we used a snowball method after the first interviews. This strategy allowed us to select the
nine most relevant participants according to their proximity to, and knowledge of, current Al
innovations in the Chilean health system. Table 1 presents the characterization of participants.
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Table 1. Characterization of interview participants

Role or position Institution Professional background Gender Pseudonym
Ministerial Advisor on . . . .
Innovation in Health Public Medical Oncologist Male Javier
Hgad of M|n|ste(|al Public Public Health Female Carmen
Evidence Analysis

Head of

Epidemiological Data Public Physician Male Ignacio
Analysis

Head of Innovation and . . .

Data Management Unit Private Medical Oncologist Male Pablo
Ministerial Advisor on Private Mathematician Female Javiera
Al Technologies

Clinical Research Private Nurse Female Angela
Coordinator

Head of Clinical . .

Informatics Private Physician Male Ismael
Head of Clinical . . .
Management Private Engineer Male Rodrigo
Ministerial Public Public Physician Male Pastor

Health Coordination

Note. We use pseudonyms and approximate position names to safeguard interviewees’
confidentiality.

Source: authors' elaboration.

We selected press articles and website information that addressed automated decision-
support or decision-making systems developed and/or implemented by Chilean institutions.
This criterion allowed us to identify cases that illustrated the meanings of real time.

For all sources, the qualitative analysis followed an abductive approach (Tavory &
Timmermans, 2014) oriented toward relating empirical materials to theoretical approaches.
We analyzed the materials progressively: first, the specialized literature; second, the
interviews; and, finally, the documents. We first subjected each type of material to a concept-
based directed content analysis (Gibbs, 2012) to identify the meanings and senses associated
with the notion of “real time.” After coding the five main senses, we conducted a variation of
thematic analysis for each sense (Braun & Clarke, 2006) to identify the Al approach employed,
the applications involved, and the objectives pursued.

The literature analysis generated the general structure of the results as we present them
below. The interview and documentary analyses allowed us to compare the current state of
real-time innovations recorded in the literature with the Chilean health ecosystem and to
identify contextualized cases.

Following recommendations for qualitative research (Gibbs, 2012), we safeguarded the
quality of the analyses through source triangulation, constant comparison during analysis,
and analyst triangulation to conduct cross-cutting checks throughout the process.
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Finally, we conducted the interviews in accordance with the ethical safeguards for social
research involving human participants established by the Chilean National Research and
Development Agency (ANID, 2021). The relevant ethics committees of the universities and
health institutions involved in the study approved the protocol and informed consent forms.

REAL TIME AND Al IN HEALTHCARE

Our analysis differentiates five main senses of real time linked to Al applications in
healthcare: immediacy, opportunity, surveillance, predictability, and utility maximization. In
the following sections, we present each sense descriptively and provide examples from the
literature, interviews, and documents analyzed.

Immediacy and prevention-oriented action

The first sense of real time approximates a common notion of technological effectiveness:
users expect the system’s result or response to appear as immediate. In a positive sense, this
expectation involves minimizing latency. In a negative sense, it means that any additional
process, including processes oriented toward improving system precision, must not introduce
significant delays. Scholars often describe this approach as immediate operational impact or
seamless integration (Chen et al,, 2019): “real-time Al integration is defined as the addition
of Al assistance without slowing down sample review or modifying standard workflow” (p. 1).
This criterion becomes crucial in applications where the model’s inference speed matters as
much as its precision.

In healthcare, real-time detection systems for atrial fibrillation (AF) risk among patients
with sinus rhythm (SR) provide a representative example. These systems use Edge Al
integrated into electrocardiogram devices. As Wu et al. (2024) point out, “its successful
implementation enables real-time detection of AF risk during SR, which makes possible a
timely intervention to prevent serious consequences such as stroke and premature death”
(p. 1). These applications pursue speed, understood as immediacy, to support prevention
in contexts where probable relationships among events are already known, such as the
relations among AF, SR, stroke, and premature death.

In Chile, DART illustrates this logic. DART is an Al software program that automatically
analyzes fundus examinations as an early screening tool for diabetic retinopathy
(DR). In 2019, the Chilean Ministry of Health (MINSAL) announced the tool as part
of the national strategy for hospital digitalization; it later expanded to several
primary care centers across the country (Donoso, June 2019). Its creators explain its
functioning as follows: “A medical technologist enters this examination and other
patient context data into DART, and there its Al engine makes it possible to filter
non-pathological cases automatically, freeing up resources to be able to focus
on cases requiring greater care” (Facultad de Ciencias Fisicas y Matematicas de la
Universidad de Chile, January 2021).

The ideology of immediacy as a criterion of technological efficiency in general, and of
healthcare efficiency in particular, poses important challenges for the study of temporal
experience. Authors such as Durkheim, Sorokin and Merton, Mead (Nowotny, 1992), Simmel
(Staudacher, 2023), and Luhmann (1978) have argued that the sociogenesis of temporal
experience begins with the experience of an event or action that interrupts a continuous
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flow of simultaneous events and reorders them into a temporal difference, such as past,
present, and future. This process depends on a sociotechnically and socioculturally mediated
experience of duration, speed, and rhythm. Industry 4.0 manages new forms of coordination
and synchronization among heterogeneous temporalities through a kind of isochrony, or a
time homogenized by the intelligent system in question. Phenomenologically, immediacy
appears as the antithesis of duration and creates a temporal complexity that, because of its
unusual speed, threatens to collapse temporal difference.

More specifically, in healthcare, this form of “real time” functions not only as a technical
quality but also as a temporal norm that redefines clinical efficiency. It produces a regime in
which any waiting becomes a loss and in which speed and time saving become synonymous with
efficiency. The following quote expresses this idea through the language of “case management”:

Then ideas occurred to us, for example, with cancer scan reports. The examination is
performed, but sometimes the report reaches the office late; the real bottleneck is the
time it takes to reach the patient. When they finally receive it, they request an appointment
with the doctor, they are seen, and only then can something like “yes, it was cancer” be
confirmed. In that circuit, 30 days can easily be lost. There, an Al could help: a model
that automatically reviews the reports, detects mentions or indications of metastasis,
and prioritizes those cases for consultation. If 100 results arrive, perhaps 20 suggest
metastasis; the Al makes it possible to schedule them first. That is case management.
(Pablo, personal communication, December 19, 2025)

Opportunity and immediate action: support for decision-making and
clinical action

Asecondsense ofrealtimeintheincorporation of Alinto healthcare centers on opportunity
in decision-making and clinical action. In this sense, Al provides timely information oriented
toward immediate action, for example, through automated recommendation protocols
that support physicians in making critical decisions or directly guide patients in situations
requiring rapid evaluation and intervention (Chang et al., 2024).

This approach has reduced mortality rates in hospital contexts marked by resource
constraints (Elleuch et al., 2021). It has also made real-time medical diagnosis possible in
remote areas that lack experts and expensive equipment (Sriraman et al., 2024), including
through Deep Learning (DL) models: “With advances in DL models for exascale computing in
the cloud, it becomes a reality to have medical diagnoses in real-time in remote and rural
areas in the absence of experts and expensive equipment” (Sriraman et al., 2024, p. 4).

Among the most notable developments in this area are online Al-based applications for
clinical decision support and patient self-management in complex urgent conditions, such as
cardiac conditions. CardiPro provides one example: “CardiPro is capable of hosting complex
three-layer Bayesian networks and accepting inputs in the form of observations such as
signs and symptoms, and supporting clinical decision-making and patient self-management
almost in real-time” (McLachlan et al., 2020, p. 7).

In this approach, a clinical sense of opportunity supplements immediacy. However,
given the stated purposes, implementation becomes complex because these systems must
integrate devices, applications, and online information systems.
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In Chile, the RAPID platformillustrates this dimension. RAPID is an Al software platform that
supports medical personnel in decision-making during strokes and has been implemented in
the care-center network of the Servicio de Salud Metropolitano Central:

The platform analyzes brain examinations to suggest to doctors the most appropriate
treatment treatment in the event of a stroke, which makes it possible to reduce response
times, a reduction that is key to minimizing the risks of death or disability of patients.
(Repositorio de Algoritmos IA - Chile, s.f)

The sociological question that arises concerns how a regime of opportunity emerges
within an assemblage of heterogeneous forms of participation. Within this regime, clinical
opportunity can come under tension when algorithms weigh other criteria, such as immediate
information, risk, coverage, the best use of finite or scarce resources, and, eventually, utility,
as in the case of the private sector. Addressing this question requires entering the black box
of these programs, which may remain opaque even to human programmers. The following
quote illustrates how different criteria can be weighed in this direction:

... we are making an Al tool to help a nurse who assists with the diagnosis of lung cancer. |
have a list of patients who are being diagnosed and a tool to help her manage those people
who are waiting to start treatment better, with the help of the patients themselves, that
patients report how they are doing. (Javier, personal communication, December 5, 2024)

Surveillance and anticipation: continuous data processing for monitoring,
prediction, and feedback

A third sense of real time in medical Al centers on continuous surveillance. This sense
materializes in systems that uninterruptedly acquire, process, and analyze heterogeneous
data flows to generate contextualized information, predictions, or automated alerts in real
time (Ali et al., 2023). These systems constitute the backbone of the Internet of Medical Things
(loMT), in which interconnected medical devices, applications, and information platforms
integrate through Machine Learning (ML) techniques to form Smart Healthcare ecosystems.
These developments have several uses, including remote patient monitoring (Chakraborty et
al., 2022). In cardiovascular care, for example, they support real-time detection, classification,
prediction, and prevention (Christodoulou et al., 2024). They also became visible during the
COVID-19 pandemic through their use in patient management (Ismail et al., 2022). In Chile, the
Hospital Regional Dr. Guillermo Grant Benavente implemented a computational simulation
tool in 2020 that estimated the need for ICU beds according to COVID-19 contagion trends
in the Biobio region. The tool projected bed supply and demand over the following three to
four weeks and anticipated the potential date on which capacity would become saturated
(Facultad de Ingenieria de la Universidad de Concepcidn, 2020).

Al systems also increasingly support the management of emergency units and
departments. For example, Al dashboards monitor a variety of diseases, including respiratory
diseases, in real time to evaluate risk and generate predictive forecasts that anticipate
potential demand flows (Tsai et al., 2022). These systems seek to improve health services in
terms of both efficacy and efficiency through prevention, early detection, personalization,
and the reduction of hospital burden, among other goals.
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In Chile, the Sistema Inteligente para la Gestion de Camas Hospitalarias (SIGICAM),
implemented in public hospitals in Valparaiso and La Serena, reflects this principle of
continuous surveillance and real-time management of critical resources (Universidad de
Valparaiso, October 2019; Universidad de Valparaiso, August 2020). As its technical description
explains, the platform functions as a digital nervous system for the hospital by centralizing
and continuously updating the status of resources, including beds, units, and rooms, as well
as the patients who require them (Taramasco & Olivares, 2019). Its architecture relies on an
information flow processed by an optimization algorithm called the “Bat Algorithm,” linked to
an online dashboard (Taramasco et al., 2019).

The following quote explains a tracking and traceability system while also presenting the
clinical arguments for its relevance:

Usually the liaison team is in charge of a group of patients and acts as a bridge with the
doctor, resolving what they cannot answer: trips, transfers, lodging, costs, and general
coordination. They function as executives who accompany the patient from admission
to discharge. To organize and trace all that work, we developed a software, Oncotracer,
that organizes tasks such as confirming flights, sending a van, making calls, etc., and
makes it possible to record the patient’s status and their clinical process in real time.
Before it was done with spreadsheets and post-its; now the system centralizes the
information and makes the entire trajectory of activities, diagnoses, biopsies, and
their location visible. (Pablo, personal communication, December 19, 2025)

Tracking the development of these intelligent systems in Industry 4.0 shows that
continuous and almost total surveillance becomes a condition of system efficacy. It is
therefore relevant to examine the sociotechnical architecture of these systems through the
lens of power and temporal regimes. What sociotemporal orders do these systems establish,
and how do they generate social differences? (Zerubavel, 1979). What chronographies of
power do these systems compose, and what effects do they produce in power relations?
(Sharma, 2013). How can scholars describe these systems in terms of the governability they
establish and their normative effects? (Torres, 2022).

Predictability and hard real time: safety, opportunity, and the composition
of predictable systems

A fourth sense of real time in the integration of Al into healthcare systems centers on
opportunity and predictability. This sense is called “hard real-time” (Calvaresi et al., 2021).

This approach defines real time as indispensable in safety-critical scenarios, including
medical and healthcare systems. In such scenarios, the timely availability of results matters
as much as their correctness. More critically, predictability also matters: the system must
remain observable and analyzable so that programmers and operators can predict the
consequences of programming decisions. In other words, “the environment is sufficiently
ordered to allow the probabilistic prediction of some future events” (Calvaresi et al., 2021,
p. 3). Predictability thus becomes the main requirement of a real-time system and the
feature that qualifies it as such. In this approach, real time depends on the property of the
predictable, not merely on immediacy or opportunity.

Within Distributed Al, Multi-Agent Systems (MAS), and more specifically Real-Time Multi-
Agent Systems (MAS-RT), address this challenge (Calvaresi et al., 2021). MAS involve groups
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of autonomous intelligent entities, or agents, that interact through cooperation, coexistence,
and competition. Because opportunity and predictability constitute essential conditions of
MAS-RT, they apply both to the system as a whole and to each agent that composes it. All
mechanisms and algorithms adopted by agents must therefore consider time restrictions
and handle them. These agents are themselves called real-time agents.

The medical non-attendance prediction system developed in 2022 by Jocelyn Dunstan and
Héctor Ramirez provides an example of this approach in Chile (Dunstan et al., August 2022).
The tool used patients’ attendance history together with geographic and social factors. It
was implemented in three different public health centers: the Hospital Pediatrico Luis Calvo
Mackenna, the Hospital Regional de Talca, and the Centro de Referencia en Salud Cordillera
Oriente de Penalolén. Each center used a model trained with its own data and adjusted
to the particularities of each specialty (Campuzano, August 2021). The system models a
predictable environment, which allows it to analyze diverse data, probabilistically anticipate
non-attendance, and arrange a sequence of prioritized actions (Dunstan et al., August 2022).

In this way, real time materializes as a systemic property that reduces negative novelty,
such as absenteeism as an unforeseen event, by algorithmically closing the future within a
present of anticipated and controlled management.

This paradigm of predictability in the design of hard real-time systems poses several
challenges for the sociological study of time, temporalization, and temporalities. First,
scholars must describe how each system designs and relates different types of real-time
agents, both human and nonhuman, as well as heterogeneous temporalities, objectives for
each agent, and shared objectives of the system.

Second, this paradigm raises questions about the temporalized complexity of these
systems (Luhmann, 1978). More specifically, it requires analysis of how relations among
past, present, and future are reorganized through an iterability (Torres, 2022) in which
a calculated past is projected as anticipation of probable future scenarios, which then
become updated as actions within an algorithmically closed system, that is, a system
without novelty. This question also foregrounds the need to analyze how these systems
become time machines, not only in their algorithmic dimension but also in their discursive
and narrative dimension (Coeckelbergh, 2021).

Finally, this paradigm raises an epistemological question: how can scholars observe and describe
dynamic systems that incorporate heterogeneous agents and information, including systems that
operate at nearly infinitesimal scales and at speeds imperceptible to a human observer?

Utility maximization and efficiency: dynamic management of financial risk

In the fifth approach to real time in healthcare, the analytical axis shifts toward
efficiency, understood as utility maximization. A characteristic example appears in the
integration of real-time Al by companies that manage health insurance. In the public
health sector, efficiency usually refers to cost reduction and the better use of scarce
public resources. In the context of health insurers, however, real time takes on a specific
meaning: utility maximization.

Al is transforming health insurance by enabling more precise risk assessment, pricing,
and coverage decisions through advanced machine learning models that use several sources
of real-time data, including electronic medical records, behavioral data, and wearable
devices (Pnevmatikakis et al., 2021). Al-based models have not only automated processes
and detected fraud; they have also enabled the continuous evaluation of individual and
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collective risks, dynamic pricing, and decisions about policy conditions or denial (Pingili,
2024). Al integration allows more precise risk evaluation and personalized pricing through
the analysis of health conditions and individual lifestyles (Zuo, 2024). For example, machine
learning models such as XGBoost and Random Forest have shown high precision in predicting
insurance claims (Alam & Prybutok, 2024).

In this sense, real time implies the capacity for anticipation through the calculation of
probable futures of claims in order to avoid costs and maximize gains. It refers to a probable
future that becomes continuously updated in decisions about the conditions of individual
and collective health policies.

Because healthcare financing cuts across the public sector, the private sector, and citizens,
this approach may represent continuity with Simmel’s observations about the temporal
frameworks of modernity. It may also support Torres’s (2022) argument about continuity
between the third and fourth industrial revolutions by emerging as a more general type of
temporal framework that could encompass the others. This approach poses possible tensions
between temporal norms more closely linked to healthcare effectiveness and coverage, such
as opportunity, and the demand for temporal performance.

In the following quote, Pablo discusses current challenges in screening systems in terms
of efficiency and identifies a gap in which Al innovations could help maximize time:

Some colleagues develop a model, an algorithm, that allows detecting polyps through
a colonoscopy. So you do the colonoscopy and detect the polyp. Does it have risk?
That is very good. But my question is different:: how can we get there before they do
the colonoscopy so that only those who need it come to the colonoscopy? Because
it is not possible to do screening and do endoscopy on all patients. It is not feasible.
So the screening model has a tremendous challenge to be more efficient. (Pablo,
personal communication, December 19, 2025)

CONCLUSIONS

Each sense of real time analyzed in this article proposes a specific temporal norm,
associates it with temporal mechanisms of action, and situates it within a locus of action
with a particular degree of specificity. However, these senses do not operate as mutually
exclusive categories. Rather, intelligent healthcare systems can articulate several of them
simultaneously through their programming and implementation. This articulation makes it
necessary to examine their diverse assemblages and the ways they compose interrelated
fields of temporalization. Figure 1 offers a possible analytical figuration of this process.

The sociological contributions reviewed in this article highlight the relevance of several
analytical axes for studying real time in intelligent health systems and other settings.
These axes include the concrete sociotechnical assemblages through which real-time
norms materialize; the ways these assemblages can be analyzed as temporal regimes
and sociotechnical processes of temporalization; their relation to temporal experience;
their temporalized complexity; and the temporal differences through which they produce
and manage relations among heterogeneous temporalities, processes of temporalization,
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and specific forms of time or temporality. These axes also make it possible to analyze the
structuration relations that emerge in these processes, particularly the relation between
process and structure. Figure 2 summarizes this analytical orientation.

Figure 1. Layers and assemblages of real time in Al-enabled healthcare

Each box specifies (i) the temporal mechanism, (ii) the temporal norm, and (iii) the typical locus.

MACRO — system oriented toward ing return on i

Profit imization (cost red

Mechanism: translation of risk into price / real-time decision; presentification of the projected future.
Norm: maximization of profitability time.
Locus: private health insurance; ML drawing on heterogeneous clinical data sources.

MESO — (coordination / / KPIs)
Surveillance Predictability / “hard real-time”
Mechanism: continuity + operational anticipation. Mechanism: temporal homogenization + iterative correction; multi-agent coordination.
Norm: continuous surveillance and anticipation as conditions of managerial efficiency. Norm: predictability and control as a condition of safety.
Locus: IoMT, ML; “smart health”. Locus: distributed Al / multi-agent systems.

MICRO — clinical practice (decision-making / interaction)

Immediacy Timeliness
Mechanism: acceleration and data-to-action compression. i
Norm: immediacy as a measure of clinical efficiency (latency).
Locus: diagnostic devices / edge Al.
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Locus: medical apps / DL / cloud.

Source: authors' elaboration.

Figure 2. Sociological analyses and real time in Industry 4.0
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Following Simmel's contributions on time as a category of social analysis (Staudacher,
2023), we argue that three of the senses of real time described here possess particular
heuristic value: i) surveillance; ii) hard real time, associated with contexts defined as safety-
critical and addressed through intelligent systems organized around predictability; and iii)
real time associated with systems oriented toward efficiency, such as benefit maximization.

Although speed and acceleration establish continuity across different industrial
revolutions, these three senses characterize guiding principles of contemporary societies.
Politically, they express security and the securitization of social systems. Economically, they
express the maximization of benefits and the acceleration of returns. In both domains, real-
time surveillance becomes a condition for achieving these purposes. Real time therefore
appears as a paradigm of temporality in Industry 4.0 societies. This paradigm has a tripartite
constitution that extends beyond healthcare and operates as a temporal framework across
multiple spheres and scales, including international relations and geopolitics, war, public
order, public health, road safety, work, and education.

The challenge remains to understand how these different senses of real time become
articulated, how they compose temporal orders with specific chronographies of power, and
how these chronographies can become assembled into more complex temporal regimes. It
also remains necessary to examine how Industry 4.0's intelligent systems interconnected in
real time delimit and relate to specific geographies at different scales.

Paradigms such as hard real time, defined by predictability, also pose challenges for
several sociological theories of time reviewed in this article. For example, if action or the
event interrupts an atemporal magma and thereby grounds the sociogenesis of temporal
experience, then how can this process occur in a system defined by the closure of novelty?
If action, insofar as it constitutes an event, conjures up no-time, real-time systems could
paradoxically be understood as systems without temporality: a kind of eternalized present
produced through algorithmic recursivity. This paradox invites inquiry into new and
potentially liminal experiences of temporality.

Thisdiscussionalso raises epistemologicaland methodological questionsforthe sociology
of temporality and temporalization. For example, scholars must examine the conditions,
possibilities, and limitations of sociological observation when studying systems of this
type. They must also develop ways to describe and differentiate such systems according to
their temporalized complexity—that is, according to how they compose temporal relational
patterns among their constitutive elements. This challenge emerges, on one hand, from the
infinitesimal, heterogeneous, hybrid, and dynamic character of the elements and relations
that constitute these systems, in which mechanical, physical, electrical, biological, digital,
cultural, and emotional elements become connected. On the other hand, it emerges from the
difference or incommensurability between the temporality of sociological observation, or of
the observing system, and the speed and immediacy of real-time processes.

Al USE STATEMENT

We used two tools in the development of this article.
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for the development of the article’s referential theoretical framework. In all cases, we used
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structure and writing of the referential theoretical framework remain original to the authors.
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Appendix
Table A1. Analytical Synthesis of Meanings of “Real Time” in Al Health Applications
Meanir!g of Stated Purpose Temporal Me'chanism Object / Temporal ?:fcr' ::; fjhc::frzl Temporalization Tepsioqs and
Real Time (Operation) Scale (Examples) Regime (Norm) Sociological Foci
Immediacy Minimize latency; Acceleration and Latency and Diagnostic devices;  Temporal norm Duration/immediacy
immediate compression of the  response time edge artificial regarding technology tension in temporal
operational impact.  data-to-action cycle. (seconds-minutes). intelligence. and clinical experience. Speed/
Prevention and early efficiency. accuracy tension.
diagnosis through Sociotechnical
real-time risk relationships
detection. between
acceleration,
coordination, and
synchronization in
health practices.
Opportunity Supports timely Synchronization of Decision window Diagnostic devices;  Temporal norm Speed/accuracy
clinical decisions clinical decision- (minutes-hours). medical applications; regarding clinical tension.
and actions; expands making with data deep learning efficiency. Standardization
coverage at low cost. flows and protocols. models; exascale of the “right
cloud computing. moment” for process
adjustment. How is
timeliness defined?
Surveillance Continuous Continuity (capture/ Continuous real- Medical Internet Technological Sociotemporal
processing for processing) and time data processing of Things; machine  condition for the orders (Zerubavel,
monitoring, operational (minutes). learning; smart efficiency of health  1979) and
prediction, and anticipation. health care. management. chronographies
anticipation of power (Sharma,

(e.g., demand).
Optimization of
scarce resources.

2013). Temporal
regimes and power
in health (Torres,
2022).
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. . . Sociotechnical . .
Meaning of Temporal Mechanism  Object / Temporal Temporalization Tensions and
“Real Time” Stated Purpose (Operation) Scale Infrastructure Regime (Norm) Sociological Foci
(Examples)
Predictability  Build predictable Homogenization of  Safety-oriented Distributed Al; real-  Safety paradigm: System outcome/

| “Hard Real
Time”

Utility
Maximization

systems for timely
correction of results
in safety-critical
contexts.

Reduce costs and
maximize profits in
private insurance;
update policy value
through “real-time”
risk assessment.

time and iterative
correction through
multi-agent
coordination.
Stabilized future as
probability updated

through anticipation.

Risk-to-price/
decision translation;
presentification of
the future (score as
present).

control/iteration
cycles. Coordination
and synchronization
of heterogeneous
temporalities.

Risk/policy (days—
months) with
continuous updating.

time multi-agent
systems.

Machine learning
models with
heterogeneous
clinical sources.

homogeneous
time to articulate
heterogeneities.

Efficient
management norm
that may conflict
with effective care;
homogenization
into a “time of
profitability”.

agent outcomes
tension.
Temporalized
complexity
(Luhmann, 1978).
“Time machines”
(Coeckelbergh,
2021). Iterability,
articulability, and
governability as
features of temporal
regime (Torres, 2022).

Efficiency/
effectiveness
(care) tension.
Sociotemporal
orders (Zerubavel,
1979) and
chronographies
of power (Sharma,
2013). Temporal
regimes and power
in health (Torres,
2022).




	INTRODUCTION
	THREE MOMENTS OF REAL TIME
	THE SOCIOLOGIES OF TIME, TEMPORALITIES, AND TEMPORALIZATION
	Institutionalization of time, temporalization, and multiple temporalities
	Technology and heterogeneous agencies in the temporal organization of life
	Time and temporalization as media of power relations
	Relations among past, present, and future in temporality andtemporalization

	METHODS
	REAL TIME AND AI IN HEALTHCARE
	Immediacy and prevention-oriented action
	Opportunity and immediate action: support for decision-making andclinical action
	Surveillance and anticipation: continuous data processing for monitoring, prediction, and feedback
	Predictability and hard real time: safety, opportunity, and the composition of predictable systems
	Utility maximization and efficiency: dynamic management of financial risk

	CONCLUSIONS
	AI USE STATEMENT
	FUNDING
	ACKNOWLEDGMENTS
	REFERENCES
	Appendix

