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Abstract
This article has two objectives: First, the article seeks to make a methodological intervention in the 
social study of algorithms. Second, the article traces ethnographically how an algorithm was used to 
enact a pandemic, and how the power to construct this disease outbreak was moved around through 
an algorithmic assemblage. The article argues that there is a worrying trend to analytically reduce 
algorithms to coherent and stable objects whose computational logic can be audited for biases to 
create fairness, accountability, and transparency (FAccT). To counter this reductionist and determinist 
tendency, the article proposes three methodological rules that allows an analysis of algorithmic power 
in practice. Empirically, the article traces the assembling of a recent epidemic at the European Centre 
for Disease Control and Prevention—the Zika outbreak starting in 2015—and shows how an epidemic 
was put together using an array of computational resources, with very different spaces for intervening. 
A key argument is that we, as analysts of algorithms, need to attend to how multiple spaces for agency, 
opacity, and power open and close in different parts of algorithmic assemblages. The crux of the matter 
is that actors experience different degrees of agency and opacity in different parts of any algorithmic 
assemblage. Consequently, rather than auditing algorithms for biased logic, the article shows the 
usefulness of examining algorithmic power as enacted and situated in practice.
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The aim of this article twofold: to make an empiri-
cal contribution to our understanding of how 
pandemics are put together with algorithms, 
and a methodological intervention in the social 
analysis of algorithms. As multiple epidemics 
and pandemics sweep our interconnected and 
globalized world—not least the COVID-19 pan-
demic which is holding society in a vice as I write 
this—it is becoming crucial to understand how 
a pandemic comes about through various infra-
structures, algorithms, models, sensors, practices, 
and decisions.

The empirical focus of the article is the algo-
rithmic making of the Zika pandemic which 
emerged in close proximity to the Olympics in Rio 
de Janeiro in 2015-2016, and started spreading 
around the world, raising concerns that the 
disease would spread globally.1 The article traces 
the work of assembling a particular version of this 
epidemic, called the Current Zika State—a map 
of the spread and intensity of the Zika pandemic 
(see Figure 1). The Current Zika State was the 
official version of the Zika pandemic that the 
European Center for Disease Control and Preven-
tion, the ECDC, published. The Current Zika State 
was generated by what my informants called the 
Zika Algorithm.

The empirical aim of the article is to shine light 
on how this algorithm enacted the Zika pandemic. 

That is, how the social and natural orders of Zika 
were assembled at the ECDC and how various 
quantifications, models and classifications—from 
faraway times and places—were folded into the 
Zika Algorithm with consequences for different 
actors’ space for agency, opacity, and power 
(cf. Lee et al., 2019). For my informants, the Zika 
Algorithm promised automation, simplicity, and 
orderliness—an unambiguous and automated 
map of the Zika pandemic.

This means that we are dealing here with a 
particular kind of assemblage that my inform-
ants and I refer to as an algorithm.2 In practice, 
an algorithm is a multifaceted object that can be 
many different things and is interpreted and used 
differently in different settings. But, rather than 
defining it along the lines of computer scientists 
or health professionals (who call different things 
algorithms) this article approaches algorithms 
in an emic manner (cf. Dourish, 2016; Seaver, 
2017). This means that I follow my informants 
in their various makings of what they call the 
Zika Algorithm. In essence, I follow the work of 
my informants of assembling, stabilizing, and 
interpreting the Current Zika State with the Zika 
Algorithm, and how agency, opacity and power 
were distributed in this assemblage.3

Using this case as a springboard, I argue that 
much social analysis of algorithms risks falling in 

Figure 1. The Current Zika State as published on the website of the European Center for Disease Control and 
Prevention on 29 Aug 2017
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an epistemic trap by importing a stabilized and 
delineated notion of algorithms from computer 
science (cf. Muniesa, 2019). I argue that this 
epistemic trap underpins much of today’s algo-
rithmic critique which focuses on the power of the 
black-boxed algorithm (Pasquale, 2016), different 
degrees or types of opacity (Burrell, 2016; Diako-
poulos, 2020; Larsson and Heintz, 2020), biased 
search results (Sandvig et al., 2016), algorithmic 
oppression (Noble, 2018; O’Neil, 2016), or quanti-
tative auditing (Sandvig et al., 2014).

This argument is political to the highest degree. 
What is at stake is how we understand and analyze 
power in an algorithmic society. The crux of the 
matter is that arguments about automated, black-
boxed, biased/objective, opaque/transparent 
algorithms perform a punctualization of agency 
and politics, which risks transferring the politics 
of technoscience to the realm of the technical 
artefact, rather than how power is distributed in 
assemblages. As one of my interlocutors humor-
ously put it: “Well, isn’t it useful to point the finger 
at the algorithm!”—when we should be having 
discussions about the use and broader effects that 
algorithms have on society.4 Instead of analyzing 
the racist algorithm we should be looking at 
racist assemblages—and where the possibility for 
agency, choice, and power reside in these assem-
blages.

By following the algorithmic enactment of 
the Current Zika State, the article demonstrates 
the usefulness of three methodological rules 
in the study of algorithms: 1) Don’t punctualize 
agency to the algorithm; instead attend to how 
agency and choice are assembled. 2) Abandon 
the opaque/transparent binary; instead attend to 
multiple and situated translucencies. 3) And last, 
dispense with the algorithm as the prime mover; 
instead attend to how power clusters and disperses 
in assemblages. The argument is that we need 
to analyze the effects that different algorithmic 
assemblages have in the multiple practices where 
they are made, tinkered with, and used, rather 
than focusing on the inherent politics of the black 
boxed algorithm.5

Algorithms, the very idea: 
on the epistemic trap of the 
black boxed algorithm
Social studies of algorithms have since the out-
set acknowledged the fluidity and assembled 
nature of algorithms, at the same time as the field 
has lamented the inscrutability and power of the 
algorithm. Goffey (2008) for instance describes 
the nature of algorithms as part of long chains 
of actions upon actions, at the same time as he 
argues that “Algorithms do things, and their syn-
tax embodies a command structure to enable this 
to happen” (Goffey, 2008: 17). While Gillespie con-
cludes that the ”there may be something, in the 
end, impenetrable about algorithms.” (Gillespie, 
2014: 192).6 Powerful black boxes indeed.

Thus, in debates about the theory and methods 
of social studies of algorithms, there exists an 
oscillation—often in the same papers—between 
on the one hand acknowledging the fluidity, 
complexity and assembled characteristics of 
algorithms (Seaver, 2017, 2018), and on the other 
hand a notion of algorithms as stable and deline-
ated objects, existing out there, that can be unfair, 
unaccountable, opaque, and biased, and in the 
need of auditing in order to rectify said biases 
(Diakopoulos, 2016; Pasquale, 2011; Sandvig et al., 
2014).7

My argument is that this oscillation in how 
algorithms are understood analytically—on the 
one hand as fluid and assembled, and on the 
other as delineated objects that can be made fair, 
accountable, and transparent (the famous FAT 
movement, now FAccT) makes for a precarious 
analytical vantage point for the social sciences.8

One reason for this precariousness is that we 
social scientists, as Muniesa has argued, have 
taken over a “vocabulary of information in the 
analysis of social realities” (Muniesa, 2019: 200). 
That is, by taking on the vocabulary of our inform-
ants—that we indeed analyze an object called 
algorithm—we have fallen into an epistemic trap 
that delineates, stabilizes, and delimits our objects 
of study as well as our analytical problems.

My point is that we—along with our inform-
ants, computer science, and the media—perform 
algorithms as clearly delineated and pre-existing 
objects that can be analyzed in themselves. By 
falling into this epistemic trap we perform algo-

Lee
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rithms as punctualized (Callon, 1991). That is, by 
treating algorithms as stable objects “out there” 
we—social scientists—ascribe agency and power 
to this performed object, instead of paying 
attention to the assembling of agency in practice 
and the performative effects that the assemblage 
has (cf. Callon and Law, 1995).

Consequently, when we talk about the “power 
of the black boxed algorithm” or “auditing the 
algorithm,” we start thinking about this performed 
object as being the object for our own studies—
with concomitant forms of problematizing 
algorithms in society. In this way the algorithm 
becomes a seemingly naturalized object for 
social analysis, which leads to particular forms of 
political and analytical action: Analyze and audit 
the powerful black boxed algorithm!9

The two cultures of 
algorithm studies
These different analytical approaches to algo-
rithms—one where they are understood as delin-
eated and stabilized objects and the other as fluid 
and assembled—create very different under-
standings of the politics of algorithms. And also 
very different problematizations of how to ana-
lyze the currently unfolding algorithmic society 
(cf. Lee and Björklund Larsen, 2019).

The stabilized notion of algorithms seems to 
treat algorithms as having political qualities “under 
the hood.” In this view, the algorithm—as an 
object for us to audit and investigate—is treated 
as having stable qualities that shape society in 
particular ways, which makes the “politics of the 
artefact” the natural analytical focus (cf. Winner, 
1980). Consequently, we take on the epistemic 
objects of computer science as our own—and 
become auditors of the stabilized algorithm. 
(Auditing is of course an important function in a 
world run by algorithms. No disagreement there!) 
But, I argue, nonetheless this epistemic trap leads 
to simplified understandings of how algorithmic 
power works in society.10

In my view, the central problem with the 
stabilized and punctualized understanding of 
algorithms is that we take on a reductionist and 
determinist view of the politics of algorithmic 
assemblages. For sure, algorithmic assemblages 
do have power. But it is seldom an autonomous 

power, where algorithms act on their own to 
oppresses the poor, but rather as Goffey (2008) 
and others have acknowledged, it is a rhizomatic 
and capillary power that works by actions upon 
actions.

This article suggests that to understand the 
politics of algorithms we need to be wary of 
importing this punctualized view of the “black 
boxed algorithm,” and keep our awareness of 
how algorithmic assemblages structure power in 
multiple and dispersed practices. Don’t let social 
science become the algorithmic auditors that 
computer science might imagine it needs.

In sum, my argument isn’t that algorithmic 
assemblages are powerless—quite the contrary 
they are very powerful—but rather that we as 
social analysts need to be aware of when we are 
taking over the object definitions of computer 
scientists, politicians, or auditors as they risk 
leading to impoverished understandings of how 
our world is enacted with algorithmic assem-
blages. Below, I will show the futility of attending 
to the punctualized version of algorithms and, in 
conclusion, suggest three methodological rules to 
break out this epistemic trap.

Let us now return to the issue at hand, the 
enactment of the Zika Algorithm and the Current 
Zika State—and how spaces for agency, transpar-
ency, and power are configured in these assem-
blages.

Assembling pandemics
In disease surveillance today, the knowledge 
of disease outbreaks is increasingly produced 
through an abundance of technical, political, and 
animal infrastructures.11 These infrastructures are 
constantly working in organizations across the 
globe. In the west, the US Center for Disease Con-
trol (CDC), the WHO, and the ECDC are endlessly 
monitoring their screens, attempting to detect 
the next big outbreak of disease; in the South and 
East the Chinese and Brazilian CDCs are impor-
tant hubs.12 Currently, these information infra-
structures are reshaping our knowledge about 
epidemics: new disease patterns and outbreaks 
becoming visible through the development of 
new infrastructures (Caduff, 2014; Kelly, 2018; Lee, 
2020; Mackenzie, 2014; Sanches and Brown, 2018).

Science & Technology Studies 34(1)
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At the ECDC outbreaks are continually being 
assembled, updated, displayed, and debated 
about. A host of methods are used to classify and 
value disease intensities, disease threats, and 
disease risks, which can lead to conflicts between 
different actors about the understanding of an 
outbreak (Keck, 2008; Lee, 2020). One visualiza-
tion, which has been part of disease control for 
hundreds of years, involves enumerating cases in 
time and space. Others involve making risk calcu-
lations based on environmental models, tracing 
food stuffs through distribution networks, tracking 
genetic relations between pathogens, or using 
social media to find likely places of contagion.

To visualize these classifications and valuations 
of disease intensities, risks, and predictions there 
are a number of well-established visualizations 
that are harnessed in order to establish where in 
time and space the outbreak is at the moment. 
For example: There is the infamous epidemic 
curve, or epicurve, which enacts a disease as the 
number of cases on a timeline. The epicurve is an 
iconic part of disease surveillance highlighting the 
disease intensity over time, producing images of 
the development of a disease outbreak, COVID-19, 
different strains of Flu, Ebola, and Zika are all 
visualized in time series showing the severity of 
disease (cf. Kelly, 2018; Mackenzie, 2014). There 
is the contact-tracing chart, which exhibits a 
network of potential disease pathways between 
patients. 

Last, and most importantly for the assembling 
of the Current Zika State, there are an abundance 
of maps produced visualizing where disease risk 
and disease intensities are highest. The produc-
tion of maps lies at the heart of disease control. 
Maps are produced of most outbreaks on different 
scales and with different purposes. COVID-19 
maps, influenza maps, yellow fever maps, Zika 
maps, Ebola maps. For the surveillance of disease, 
maps are tools to determine the source of disease, 
tools for tracking how a disease spreads, or a tool 
for making recommendations for action.

The visualizations that are produced at the 
ECDC make political waves. Disease is tied to 
lock-downs, tourism, food supplies, and work. 
The presence of disease is a delicate matter: 
COVID-19 maps reshape our whole lives, Zika 
created headlines around the world, Salmonella 

can cause the closure of industrial egg handling 
facilities, and so on. This puts knowledge produc-
tion of pandemics in a position where disease, 
international trade, national economies, interna-
tional relations, tourism, and national politics can 
become implicated at any moment.13 

At the ECDC these visualizations are crucial 
tools for understanding, discussing, and commu-
nicating with disease professionals, decision-
making politicians, and the public. Below we 
follow the assembling of a particular visualization, 
a map that classifies the world into different inten-
sities of disease, and different areas of disease risk. 
The Current Zika State is a vehicle for enacting a 
classification of society and nature. It produces the 
social and natural orders of a Zika pandemic.14

An ethnography of the 
Zika Algorithm
Empirically, the article draws on fieldwork in a 
larger project that examines how new information 
infrastructures shape disease surveillance. The 
project commenced in 2015 with a preliminary 
study that inquired into the rise of so-called info-
demiology, that is, the harnessing of new types 
of data in disease surveillance (cf. Fearnley, 2008). 
These new types of data can for example entail 
genetic data, web searches, tweets, sales data, or 
travel information.

The material for this article used a strategy of 
multi-sited ethnography to follow the assem-
bling of the Current Zika State inside and outside 
the ECDC (cf. Marcus, 1995). The article draws on 
a multitude of different materials and strategies 
of data collection: situated fieldwork, document 
analysis, and interviews done during 2016, 2017, 
and 2018. Hence, in this engagement with the Zika 
Algorithm, I followed the assemblage through a 
variety of places, situations, and materials.

The fieldwork at the ECDC consisted of three 
weeks of participant observation in the epidemic 
intelligence team in early 2017, as well as weekly 
follow up observations with other teams during 
the following spring. During the first round of 
fieldwork I worked in the so-called epidemic intel-
ligence team, where I performed routine disease 
surveillance. This team is tasked with trawling 
social media, news media, and a constant flow 
of email to find and assess new disease threats. 
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During fieldwork, I attended meetings, partici-
pated in staff training, and interviewed my inform-
ants formally and informally in the epidemic 
intelligence team and other teams.

This situated fieldwork served as a springboard 
for a wider investigation into the making of the 
Zika Algorithm, where I complemented the initial 
period of participant observation with interviews 
and extensive document analysis following where 
the algorithmic assemblage led. Thus, the current 
article draws on participant observation, informal 
conversations, interviews, working documents, 
flowcharts, official ECDC publications, as well as 
other scientific publications.

Accordingly, this paper takes its starting point 
in the observation of a meeting about the Zika 
Algorithm at the ECDC, and branches out into 
interviews, observations from other meetings, 
document studies, and interviews. In short, I have 
followed the Zika Algorithm to the many sites 
where it was assembled.

The Zika Algorithm
Me and my informants Thomas, and Bertrand are 
in the Emergency Operations Centre—a situation 
room for disease control—at the ECDC after the 
daily roundtable meeting. At this daily meeting, 
disease experts from across the ECDC gather to 
assess today’s disease threats against the European 
population. Thomas and Bertrand are gearing up to 
have a meeting on an algorithm that produces the 
Current Zika State. 

Bertrand has worked for months to produce 
this new algorithm for classifying the world into 
zones of Zika risk. The goal is to construct an 
algorithm that will help to automate the work of 
putting together a snapshot of the Zika epidemic. 
This particular meeting is to start translating the 
Zika Algorithm (in the form of a logical flowchart) 
into layers of code, visualizations, and software. 
The resulting map, titled the Current Zika State, 
is published online, and included in regularly 
recurring reports about the state of the Zika 
epidemic. 

At the meeting, the visual focus has become a 
flowchart (Figure 2) as well as a bewildering array 
of database tables. They are all projected on the 

Figure 2. Bertrand’s provisional Zika algorithm

Is an area endemic for ZIKV ?
Expert-base review based on above laboratory

criteria
Yes No

Category 2
Area with endemic transmission

First case occurred
after

January 2015 ?

No

No known documented past
or current ZIKV transmission

Is competent vector
present  in the area1 ?

(Ae. aegypti)
NoYes Area with no vector-borne

transmission

What is time since
the last reported
confirmed case  ?

ZIKV confirmed case within
12 months3

No ZIKV confirmed case
within 12 months3

Category 3
Area with interrupted transmission with

potential for future transmission
Countries where transmission has not  been
interrupted and defined as confirmed year-
round vector-borne transmission of ZIKV

What is the length
of transmission ?More than 2 years Less than two year

Category 1
Area with new introduction and re-introduction

with ongoing transmission

Note:

(1) An area is defined by an area at countries/
territories/subnational which depends on data
availability and  should be of a size that allows
meaningful characterization of the transmission
dynamic.

(2): This category  encompasses  all areas where
main competent vector (Aedes aegypti) is present
or expected to be present.  This category includes
a sub-group of countries/territories/subnational
areas where ZIKV transmission may occur as they
share a physical ground border with a
neighbouring endemic area, belong to the same
ecological zone and have evidence of year-round
dengue virus transmission.

(3):  Period might be reduced to 3 months in
settings with high capacity for diagnostic testing,
timely reporting of diagnostic results, a
comprehensive arboviral surveillance system, and
a temperate climate/insular context.

Category 4
Area with presence of competent vector but no

known documented past or current ZIKV
transmission2

Review of ika virus (ZIKV) humans cases (vector
transmitted)

, mosquitoes or animals viral detection and/or sero-
surveys

Evidence of Zika
virus circulation ?

Laboratory criteria to ascertain the  endemicty of Zika virus (ZIKV) in an area1 : Detection of the virus in humans, animals
or mosquitoes (Period:1950-2014), and/or serologic confirmation of ZIKV infection with tests conducted after 1980.Yes

Yes
No cases before

and after
January 2015
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huge screen that fills one wall of the Emergency 
Operations Centre. The flowchart visually outlines 
the Zika-algorithm that is used to classify a 
country’s Zika risk. 

After quickly running through the flowchart 
version of the algorithm, Bertrand clicks between 
different columns and datasets in the database to 
show what data is needed to produce the color-
coded Zika map. Bertrand keeps saying that it 
is easy, and Thomas keeps nodding his head in 
agreement. 

—“The classification is based on dates. Basta!” says 
Bertrand 

The classification of geographical regions 
according to when the date of the last case was 
reported is treated as unproblematic. Everyone 
agrees—the classification based on dates is 
unproblematic. The question “where is Zika?” has 
become phrased as “where and when are Zika 
cases reported?”  (Fieldnotes)

At the most basic level, the Zika Algorithm is 
assembled as a series of questions that aim to 
produce a Zika classification of the world:

◊	 Is the mosquito that transmits Zika, Aedes 
aegypti, in the area? 

◊	 Is there evidence of Zika virus circulation? 
◊	 Is an area endemic for the Zika virus? 
◊	 When did the first Zika case occur? 
◊	 What is the time since last confirmed case? 
◊	 What is the temporal length of transmission?

These questions, which are also articulated in the 
flowchart version of the Zika Algorithm have been 
translated into computational form by Thomas 
and Bertrand—layering, as we will see below, 
several computations, databases and models and 
transforming them into a series of classifications 
that are then shown on a world map—the Current 
Zika State. However, things are not simple and 
straightforward. As we will see below, Bertrand’s 
statement “The classification is based on dates. 
Basta!” is full of caveats, nooks, and crannies. At 
every turn, the production of the algorithm is 
folded with different datasets, different manners 
of judgment, and different tools for counting and 
classifying. And all these folds configure algorith-
mic power differently (cf. Mackenzie, 2014).

ECDC: situated translucencies 
| situated agencies

Back to Thomas and Bertrand’s meeting: the quality 
of disease surveillance in different countries has 
come up. The meeting has paused for a moment. 
After clicking through a myriad of tabs on the 
database, Bertrand stops his clicking and highlights 
a yellow-tinted column of data on the wall-screen 
of the Emergency Operations Centre. He explains 
that the database column he has highlighted 
details the quality of disease surveillance in 
different countries. Bertrand zooms in on the 
column and shows that it classifies the surveillance 
capabilities of different countries as better or 
worse: “good,” “medium,” or “bad.” Bertrand and 
Thomas seem to take this classification for granted 
and nod their heads in agreement. Thomas turns to 
me and tells me: 

—“The Brazilian CDC is very good!”
(Fieldnotes) 

Thomas’ point is simple. Not every country on 
the globe has the same infrastructure for disease 
surveillance. And the ECDC wants to take this 
into account in producing the Current Zika State. 
What Bertrand is showing on the screen—good, 
medium, bad—is that the Zika Algorithm is also 
inscribed with an assessment of the quality of 
different countries’ disease surveillance systems. 
What my informants are concerned with is: should 
each Zika case be counted in the same way?15

The Zika Algorithm is inscribed with several 
questions about the reported cases of Zika (see 
Figure 3): “What is the time since the last reported 
confirmed case?” If there is a confirmed Zika case 
reported within the last 12-month period, the 
algorithm asks about the length of the period 
where Zika cases have been reported. If the period 
is less than two years long, the country is classified 
as “Category 1: Area with new introduction and 
re-introduction with ongoing transmission.” If the 
period is more than two years long, the country 
is classified as “Category 2: Area with endemic 
transmission.” If there are no confirmed cases 
within 12 months the country/area is assigned to 
“Category 3: Area with interrupted transmission 
with potential for future transmission.”

By asking these questions Bertrand erects 
several temporal boundaries that define different 

Lee
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classes of Zika transmission: zero Zika-cases in 
the last 12 months means interrupted transmis-
sion. More than two years of transmission means 
that the area has endemic transmission. The Zika 
cases are ordered temporally, counted, and used 
to construct different classes of Zika risk.

However, in a footnote to the flowchart version 
of the algorithm, Bertrand’s and Thomas’ concern 
for the quality of disease control—“The Brazilian 
CDC is very good”—and the yellow tinted column 
of data that Bertrand showed on the wall-screen is 
brought to the fore. The footnote specifies that the 
12-month temporal boundary between different 
categories should be reduced to 3 months if the 
quality of the disease surveillance infrastruc-
ture of a country is deemed to be good. The Zika 
Algorithm thus links the counting of cases to the 
quality of surveillance. The footnote consequently 
outlines a bifurcation in how reported confirmed 
Zika cases are counted:

[The] Period might be reduced to 3 months 
in settings with high capacity for diagnostic 
testing, timely reporting of diagnostic results, a 
comprehensive arboviral surveillance system […] 
(see Figure 2)

To define the quality of the countries disease sur-
veillance the algorithm asks more questions: Does 
the country have diagnostic capacity? Timely 
reporting? A good surveillance system? Which 
Thomas, at the meeting, shortens to “The Brazil-
ian CDC is very good!” The reported confirmed 
cases of Zika are counted differently, which has 
the effect that each Zika case does not carry the 
same weight on the scale of Zika risk.

A consequence of this bifurcation of the yard-
sticks for Zika risk is that the boundary between 
different classes of Zika risk is not equal for all 
countries. Some groups of countries are judged 
by certain temporal yardsticks (12 months), while 
other countries are judged with another yardstick 
(3 months). But there is no visible trace of this 
bifurcation of boundaries in the Current Zika State. 
Clearly apparent categories of disease intensity 
are made visible on the map—red, orange, grey, 
white. No intermediate colors or categories. No 
fuzziness between classes. And no bifurcations of 
yardsticks. The categories and classifications of the 
Zika map appear as neatly delineated and unam-
biguous. The Current Zika State projects an image 

Figure 3. A bifurcation in the Zika algorithm. A zoomed in version of the Zika Algorithm above. 
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of an unambiguous world where Zika presence is 
clearly visible and bounded.

The Zika Algorithm intertwines quantification, 
judgment, agency, and opacity in several ways. 
That is, there are many ways that the algorithm 
composes power. This is a matter of the ontological 
politics of algorithms, of where choices can be made, 
and where power to effect things clots.

First, the configuration of choice: The Zika 
Algorithm was designed to “simply count cases 
in space and time.” But the boundaries between 
different classes of disease intensity were also 
intimately intertwined with the judgment of the 
quality of disease surveillance. The algorithmic 
logic of the Zika map was not only about quanti-
ties, counting cases in space and time, but about 
qualities as well. Algorithmic quantification and 
judgment were entwined—but not equally 
distributed.16 

Second, the making of situated algorithmic 
opacities: these struggles point to the impor-
tance of attending to the assembling of opacities 
in practice. For the general public viewing the 
Current Zika State map online, the map, the 
algorithm, and the choices made around it, are 
completely opaque. It seems to be a stable map of 
the Current Zika State. A classic algorithmic black 
box if there ever was one. However, the bifur-
cation of yardsticks was clearly visible, present, 
and understood by Thomas and Bertrand in the 
Emergency Operations Centre. Different degrees 
of opacity depend on the actors’ locations. This is 
an important methodological and analytical point: 
opacity is not binary or universal, opacity is situated.

Third, this points to how the making of algo-
rithmic agency, opacity and power is an achieve-
ment in practice. In this particular moment, 
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Figure 4. The Zika Algorithm branches out in time and space.
 

I s an area endemic for ZI KV ?
Expert-base review based on above laboratory

criteria
Yes No

Category 2
Area with endemic transmission

First case occurred
after

January 2015 ?

No
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agency and power to classify countries into 
different Zika zones was located with a particular 
set of experts in the Emergency Operations Centre 
at the ECDC. However, other actors, not present in 
the Emergency Operations Centre, were excluded 
from this moment of choice, and this particular 
moment of power. The making of opacity and 
power happens in practice. And different algorithmic 
assemblages configure opacity, agency, and power 
in different ways (cf. Mackenzie, 2014).

Oxford: layered translucencies 
| dispersed agencies
But there is also a different and parallel mode of 
sensing Zika at work in producing the Current 
Zika State, which creates another configuration 
of agency and power: that of environmental and 
ecological modeling. In this mode of sensing the 
Zika Algorithm is assembled to make Zika risk pre-
dictions based on computational models instead 
of on counting cases. For the algorithm, and the 
disease surveillance team at the ECDC, the atten-
tion is switched from counting disease cases in 
space and time to computing the potential pres-
ence of a Zika disease vector. Here, the algorithm 
moves from classifying a country based on count-
ing reported confirmed cases of Zika to classify-
ing the Zika state of a country based on computer 
modeling and risk prediction. In this mode of 
sensing Zika, the algorithm asks several additional 
questions:

◊	 Is the Aedes aegypti mosquito “expected to 
be present” in the area? 

◊	 Does the area “share a physical ground 
border” with an endemic area? 



74

◊	 Are the areas part of the “same ecological 
zone?” 

◊	 Is there “evidence of year-round dengue 
virus transmission?” 

Each of these questions entangle the Current Zika 
State with other objects: mosquito ecologies and 
ecological zones (Is Aedes aegypti expected to be 
present?), physical geographies (Does the area 
share a physical ground border?), as well as with 
other diseases (dengue fever is also spread by the 
Aedes aegypti). Due to these questions, several dif-
ferent computer models become entwined with 
the Current Zika State. The Zika Algorithm is not 
only assembled to ask “Where is Zika?,” but also 
“Where is the Aedes aegypti mosquito?;” “Where is 
there dengue-fever?;” and “Where is a fitting eco-
logical zone?” To follow one part of this rhizome of 
algorithmic classification, we shift our attention to 
how the Aedes aegypti mosquito is included in the 
Zika Algorithm (see Figure 5).17 

Importantly, for our story, is that the Aedes 
aegypti mosquito is understood to be the most 
important disease vector for the Zika virus.18 The 
actors’ argument is that knowledge of where the 
mosquito roams, will also allow an assessment of 

the risk of Zika virus transmission. Thus, to know 
where the Aedes aegypti might exist expands the 
modes of sensing Zika.

To trace how the Aedes aegypti becomes 
included in the assemblage we move our story to 
a group of ecological modelers at Oxford Univer-
sity, where the computational model that the 
ECDC uses to predict Aedes aegypti presence was 
produced (see Figure 6). Over several decades, this 
group has developed a modelling approach that 
attempted to find covariances between species’ 
habitat and environmental factors:

[…] we concentrate on the use of maps to increase 
our understanding of the biological and other 
processes that determine the distribution and 
abundance of species in space and time. Which are 
the important variables; how do they act; and how 
do they differ […]?
(Rogers, 2007: 3)

The group’s computational methodology to trace 
different species was based on linking known 
geographical habitats with environmental factors 
extracted from satellite data or climate databases, 
such as temperature, rain, elevation, or density of 

Figure 5. The Aedes aegypti.19
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Figure 6. Map of Aedes aegypti risk. Green marks low risk. Yellow and orange denotes increasing risk for presence 
of Aedes aegypti.20

 

Figure 7. Aedes aegypti map of the USA from 2008.23

 

human habitation. The model used at the ECDC 
matched known locations of the Aedes aegypti 
with environmental characteristics to predict the 
mosquito risk on a global scale.

The Oxford group used two sets of data to 
model Aedes aegypti risk: First, a bespoke database 

of where the Aedes aegypti is found. This database 
was produced by combining known Aedes aegypti 
occurrences harvested from the scientific litera-
ture, with an Aedes aegypti map produced by 
the United States CDC (see Figure 7).21 Second, 
the group utilized environmental data stemming 
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from satellites and climate databases from a 
host of different sources. For example, they used 
“satellite rainfall estimates” stemming from the 
US National Weather Service (which incorporated 
data from nine different satellites) as well as data 
from several different climate models.22

This was the basis for their modeling of the 
Aedes aegypti: finding covariances between a 
bespoke database of mosquito occurrences and 
several layers of environmental data taken from 
many different sources.

In order to simplify the global environmental 
data, the team used a mathematical technique 

 

Figure 8. An illustration of the result of a Temporal Fourier analysis of environmental data (Scharlemann et al., 
2008: 8).

Figure 9. Temporal Fourier analysis of global Enhanced Vegetation Index (EVI) translated into ecological zones on 
a map (Scharlemann et al., 2008: 7).

 

called temporal Fourier analysis, which is used to 
simplify the representation of different types of 
signals (see Figure 8). By using this technique the 
Oxford team transformed the environmental data 
into a series of mathematical formulas that aimed 
to describe “information about the seasonal 
cycles of these indices in terms of their annual, 
bi-annual, tri-annual etc. cycles (or ‘harmonics’), 
each one described by its phase and amplitude” 
(Rogers, 2000: 138). These “harmonics” were then 
used to create several climate zones, that the team 
sometimes represented by transforming the envi-
ronmental harmonics into colors on a map (see 
Figure 9).
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Figure 10. Illustration of Non-linear discriminant analysis (Robinson et al., 1997: 237).

To then find covariances between the environ-
mental data, derived from the temporal Fourier 
analysis, and the mosquito data, the Oxford group 
employed a computational technique called non-
linear discriminant analysis (see Figure 10). This 
technique was used to predict the risk of Aedes 
aegypti occurrences on the basis of the many 
different environmental harmonics outlined 
above (rainfall, vegetation, etc.).

The mode of sensing described above illus-
trates how the Current Zika State is built by incor-
porating many different times, places, people, 
computations, and efforts. And, as I hinted at 
the outset of this section, the Current Zika State 
is not only tied to the Aedes aegypti model. The 
Zika Algorithm also incorporated a dengue fever 
model produced by the same Oxford team, as well 
as a climate classification of the world based on 
the commonly used Köppen-Geiger climate clas-
sification of the globe—which was first published 
in 1884 (see Figure 11 for a recently updated 
version). The algorithm thus expanded backwards 
and outwards in both time and space. Through a 
veritable flood of computational resources, a map 
of Zika risk was born.

Let us now return to our questions of assem-
bling of agency and opacity. That is, to how the 
assembling of the Zika Algorithm enacts particular 
patterns of power. Where is agency to classify 
located when Zika is sensed by modelling risk of 
mosquito presence? What types of situated trans-
parencies are made through the Zika algorithm? 
And where is power located?

In the case of the Aedes aegypti risk map, 
agency is certainly focused in Oxford, with the 
team of ecological modelers. But agency is also 
dispersed over a vast array of places and times: it 
is located at the US CDC in producing the Aedes 
aegypti map of the USA; in entomological expedi-
tions globally trying to determine where the Aedes 
aegypti thrives; in satellite sensors that detect 
radiation, rainfall or vegetation; and at the ECDC 
who have commissioned the modelling from the 
Oxford team and integrated it into their work (cf. 
Segata 2020, Edwards, 2010).

Agency and power are thus dispersed over 
time and space, in various parts of the algorithmic 
assemblage at different locations, with relations to 
other infrastructures, other scientific teams, and 
other practices. There is a myriad of classifications 
made in a myriad of places. There is no center of 
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calculation, nor a central algorithm, but a hetero-
geneous assemblage of dispersed calculative 
efforts (cf. Latour, 1987).

Consequently, in terms of enacting opacity 
and calculative power, the classification of Zika 
risk is multilayered, multi-situated and extremely 
dispersed. For a handful people at the ECDC some 
layers of computation (the Aedes aegypti risk map, 
the Dengue map, or the Köppen-Geiger map) are 
visible as computational possibilities. But some 
parts of the computational assemblage, recede 
into the fog of the unknown.

Various facets of algorithmic classification 
and valuation thus drop in and out of visibility 
depending on the actors’ location in the assem-
blage. The algorithm is never completely opaque, 
but neither is it completely transparent. My 
argument is that opacity is multi-situated and 
dispersed. There is a series of translucencies 
of varying degrees that spread over different 
practices (cf. Jordan and Lynch, 1992). In contrast 
to the counting cases in space and time, this mode 
of sensing, seems to produce a dispersed calcula-
tive power which is not located in a single place.

Sri Lanka and Pakistan: 
translucency and situatedness

Coming back to Thomas’ and Bertrand’s meeting, 
another senior team member, Sergio, has joined 
the meeting in the Emergency Operations Centre. 
Talk has moved to the question if a country or area 
shares “a physical ground border,” another question 
inscribed in the algorithm, and if this can be 
handled automatically. Sergio brings up Sri Lanka: 

“Is Sri Lanka ecologically connected to India?” he 
asks. 

On the scale of a world map, Sri Lanka and Tamil 
Nadu look quite separate. I don’t understand the 
question. But Sergio points to the series of shoals 
and small islands called Rama’s Bridge (see Figure 
12). Does Rama’s Bridge connect the two land 
masses? And more importantly, is it a passage for 
the Aedes aegypti mosquito? On the map of the 
Current Zika State, Tamil Nadu in southern India is 
classified as having Zika transmission, and tinted 
orange. Should Sri Lanka then be classified as being 
at risk or not? 

Bertrand and Sergio are arguing that there 
needs to be a “sort of expert-based judgment” on 
whether a country shares a physical ground border 
or not. 

Figure 11. A Köppen-Geiger climate classification map.24
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Figure 12. Rama’s bridge between Tamil Nadu and Sri Lanka.25

 

“There will always be exceptions. We can’t 
automate bordering countries.” Bertrand says. 
(Fieldnotes) 

Apparently, the algorithm cannot handle all physi-
cal ground borders.

The challenges that Rama’s bridge, and cases 
like it, pose to the mapping of Zika across the 
globe are monumental. Disentangling and clas-
sifying the world’s geographical borders in terms 
of mosquito—geography is an enormous task, 
needing intimate knowledge about the geogra-
phies and ecologies of regions as well as reliable 
and comprehensive data on the range of the 
Aedes aegypti mosquito (cf. Segata 2020). Thus, 
the alluring promise of algorithmic classification 
threatens to fall apart in the face of ecologies and 
the range of the infamous Aedes aegypti. Thomas, 
Bertrand and Sergio are caught in an algorithmic 
dilemma. What parts of the Zika Algorithm are 
possible to automate fully? And what parts need 
human judgment? Where should agency reside? 
Ontological politics to the highest degree.

A few weeks after the meeting I visit Thomas and 
Bertrand to discuss the Current Zika State again. 
Thomas tells me that the ECDC and the WHO have 
had a disagreement about the Zika classification of 

India. The point of contention was that two cases 
of Zika had been reported in Pakistan. According 
to the Zika Algorithm, that event should have 
reclassified the whole sub-continent of India as 
having risk for Zika transmission. However, the 
ECDC argued that the reclassification of the whole 
Indian sub-continent on the basis of two travel-
related cases was absurd. A billion people would 
have been affected. The WHO on the other hand 
argued that the algorithm should be followed. 
The challenge was one of judging the output of 
the algorithm. What was a good tipping point for 
reclassifying the whole Indian sub-continent? Were 
two travel-related cases enough? (Fieldnotes)

The data points of disease surveillance are shifting, 
ambiguous, and spotty (cf. Gitelman, 2013). They 
change over time, they come with different defi-
nitions. Is this case laboratory confirmed? Does it 
fit with the current definition of a case? What did 
the contact-tracing of the case show? Was the 
case travel-related? The counting of cases takes 
judgment and choice. How should two travel 
related cases in Pakistan be counted? And in 
the case of Rama’s Bridge: How should the inter-
twining of mosquito ecologies and political geog-
raphies be handled?

Lee



80

My point is that data—even counting disease 
cases—is also translucent to different degrees, 
depending on your location in the assemblage. In 
the case of Rama’s Bridge, Sergio struggled with 
the qualities of geographical boundaries. The 
simple algorithmic definition of “sharing a ground 
border” is judged to be too complex to automate 
when dealing with mosquito ecology. That is, 
Sergio grappled with reconciling the qualities of 
ecological zones, the challenge of judging the 
possibility of zika transmission over ecological 
habitats, and how to make this disease risk visible 
in terms of political geography.

An algorithm for classifying the world neces-
sarily needs to simplify, but in the simplifica-
tion, we might attend to what is made visible 
and invisible. What is hidden from view, and for 
whom? And what are the consequences of doing 
this? At the ECDC, the space for choosing path—
agency and power—was often large. The Zika 
algorithm and the underlying data was constantly 
challenged, tweaked, and reconfigured before it 
was published as the Current Zika State. However, 
the spaces for choosing path were not equally 
distributed. Different modes of sensing produced 
different configurations of power.

Some lessons about the politics 
of algorithms: punctualization, 
situated translucency, and power
Above, I have followed how the Current Zika State 
was assembled, in doing this I attended to how 
different modes of algorithmic sensing produced 
different spaces for agency, translucency, and 
power. But rather than taking as point of depar-
ture preconceived notions about the power or 
effects of the algorithm I have traced how agency 
and translucency varies depending on the config-
uration of the assemblage.

What is at stake with this intervention are issues 
of politics and power. I argue that by analyzing 
algorithmic assemblages as they branch out in 
multiple and situated practices, we gain a better 
understanding of how algorithmic power is struc-
tured and works to shape the world. Hopefully, 
this will allow us to leave the determinist and 
reductionist logic of “black boxed algorithms that 
control our future” behind us. The point of this 
exercise is to prevent that the performed object—

algorithm—defines, delimits, and steers our 
inquiries into the politics of algorithms. 

There are several lessons to be learned from 
tracing the Zika Algorithm, and I therefore 
suggest three methodological rules to protect us 
against falling in the epistemic trap of the stabi-
lized algorithm.

Rule 1: Don’t punctualize agency | Attend to 
how agency and choice are assembled 
Our first lesson. Do not treat algorithms as stable 
objects out there for us to apprehend and ana-
lyze. Attend to algorithmic assemblages as always 
already distributed and performed. Algorithmic 
assemblages are truly fluid, heterogeneous, and 
dispersed. Not only in the sense that they include 
agencies of different shapes and forms, but also 
in how the qualities and characteristics of algo-
rithmic assemblages shift and meander. These are 
well worn perspectives in STS, but the tendency 
to ascribe and punctualize agency to the powerful 
algorithm is tempting—and continues to tempt 
us.

The consequence of the assembled perspec-
tive on algorithms is that agency must be 
analyzed as being entangled with the objects that 
we perform as algorithms—not as an inherent 
property of them. In practice there are almost 
always struggles about how these assemblages 
should be structured. Thus, the composition of 
algorithmic assemblages often becomes the site 
of political struggles and practical tinkering to 
assemble these elements in different ways.26 

For instance, as I have shown above, the 
space for challenging the Zika classification of a 
country is large in certain spaces at the ECDC—
but the space for challenging the global range 
of the Aedes aegypti is smaller. The expertise and 
knowledge about the mathematics of mosquito 
prediction being located with a group of modelers 
of mosquitos, while expertise about disease clas-
sification was located at the ECDC. What we can 
observe is that the space for agency, action, or 
judgment is not equally distributed. The spaces 
for choice and action are redistributed by the 
different modes of sensing that the algorithm 
engenders. 

Consequently, the power of algorithms is not 
a stable proposition, where some actors (e.g. 
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Google’s or Facebook’s algorithms) have all the 
power, and others (the technical dope that uncriti-
cally clicks on search results or consume their 
daily Facebook feed) have none (Garfinkel, 1967; 
Lynch, 2012). That is, algorithms move choice 
around, and the space for choice is not the same 
for everyone. 

The point is that we can attend to how spaces 
for agency and choice open up and close in 
various places of the assemblage—how they are 
assembled—without succumbing to the epistemic 
trap of punctualization. This perspective instead 
raises several questions about the ontological 
politics of algorithms (Mol, 1999). These are 
age-old questions about choice and power. Where 
can choice be located? Who can make choices? 
Who or what can act? What types of actions or 
choices are enabled or disabled? Where? When?

Rule 2: Abandon the opaque/transparent 
binary | Attend to situated translucencies
Our second lesson. Do not treat algorithms as being 
binarily opaque or transparent. Algorithmic assem-
blages are always situated and translucent to vari-
ous degrees (cf. Jordan and Lynch, 1992).27 For the 
sociologist of algorithms it has become common 
to lament the power, inscrutability, and opacity of 
the algorithm. But the proliferation of articles clas-
sifying different types of opacity hints at a marked 
analytical unease about the binary notion of trans-
parency/opacity in critical studies of algorithms.28

As with agency, algorithmic translucencies 
are assembled in multiple locations, in multiple 
versions, in relation to multiple people (cf. Mol, 
2002). People have situated knowledge about 
the algorithm (Haraway, 1988). Which means that 
algorithmic assemblages can be differently under-
stood in different situations and are therefore 
neither completely opaque, nor completely trans-
parent. Opacity is not only varying in degree or 
type, but also varies depending on the actor’s situ-
atedness.29 

In the assembling of the Zika Algorithm, 
choices and judgments were clearly transparent, 
discussed, and available for scrutiny in certain 
rooms and moments, like when my informants 
judged countries’ quality of disease surveil-
lance and inscribed their judgments into the 
algorithm. In other places, choices, computa-

tions, and judgments faded away and became an 
invisible part of an opaque algorithm, as when my 
informants harnessed the modelling of mosquito 
presence to make risk assessments about Zika. 
Translucencies are thus constantly opened and 
closed, made and remade in practice.

Our lesson is that, in practice, algorithmic 
opacity is neither binary nor homogeneous. It is 
situated, gradual, and affects different actors in 
different ways. We need to analyze these various 
translucencies as they are enacted in various and 
situated practices. What is made visible? How is it 
made visible? To whom or to what? Where?

Rule 3: Abandon the algorithm as the prime 
mover | Attend to how power clusters
As a consequence of these insights, I argue that 
algorithmic politics should be analyzed by paying 
attention to how algorithmic assemblages configure 
agency, translucency, and power in practice—not 
by auditing a sole algorithm for biases. As we have 
seen, different modes of sensing the Zika pan-
demic, makes for very different configurations 
of agency, translucency, and power. Counting 
cases and entering them into a geopolitical time 
and space makes for a particular configuration 
of agency and translucency, while environmen-
tal modelling to predict disease risk makes for a 
very different configuration (cf. Mackenzie, 2014). 
We should therefore attend to the performance, 
locations, and unevenness of power in algorithmic 
assemblages. 

This is our third lesson, which is about investi-
gating the assembling of power (cf. Callon and Law, 
2005; Callon and Muniesa, 2005). The algorithmic 
production of the Current Zika State is a dispersed 
assemblage in practice. It is spread over time and 
space. The algorithm does not produce a center 
of calculation (Latour, 1987), but a vast network of 
calculation extending outward in time and space 
(Edwards, 2010). Thus, just as the Arizona stock 
exchange, shopping lists, prices on shelves, and 
shopping carts open and close certain spaces for 
visibility, calculation, and agency, so does the Zika 
Algorithm open and close spaces for choice and 
intervention. It opens and closes spaces for algo-
rithmic power.30 

Thus, algorithmic power accumulates in 
different places—as a cluster in a multitude, or a 
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knot in a rhizome—which can include both the 
mundane and the exotic, the human and the 
non-human. Where an algorithmic assemblage 
will concentrate power is not a given but negoti-
ated in multiple situations. We need to understand 
how this happens to truly understand algorithmic 
power.

For sociologists trying to understand how algo-
rithms shape society it is not enough to audit 
the stabilized algorithm for fairness or transpar-
ency. As Strathern has pointed out, “audit cannot 
afford to tolerate loose ends, unpredictability, or 
disconnections. […] This means that what may 
be brilliant accounting is bound to be very poor 
sociology” (Strathern, 2002: 309).

Hence, it is crucial to move beyond the trope of 
auditing the powerful algorithm, and to analyze 
how algorithmic systems are designed, tinkered 
with, and interpreted in practice (Neyland, 2018; 
Ziewitz, 2017). Algorithms involve countless situ-
ations where quantification and judgment are 
entwined in different ways.31 Rather than auditing 
the algorithm (stable singular) for fairness this 
analytical move opens for description of how 
spaces for agency and avenues of seeing are 
made in algorithmic assemblages. Rather than 
focusing on the binary opacity/transparency of 
the algorithm, these methodological rules open 
for an analysis of different actors facing different 
degrees of agency and transparency. 

Rather than punctualizing the inherent oppres-
sion or bias to the algorithm, it would open for a 
situated understanding of multiple power effects. 
Not as disembodied black boxes—truly deus ex 
machina—that reshape the economy, oppress the 
poor, or are race/sex/*-ist. But as assemblages of 
varying degrees of power (that certainly can lead 
to oppressive outcomes!). By doing this we could 
better understand how algorithmic politics works in 
practice. Which (for sure!) can have effects that are 
oppressive, racist, and sexist. 

Conclusion: some elements in 
a sociology of algorithms
As multiple waves of pandemics and epidem-
ics sweep the world—not least in the midst of 
the current COVID-19 pandemic—the nature 
and characteristics of each successive pandemic 
becomes increasingly tied to algorithms, models, 

and computation. This article has traced how a 
particular pandemic, of Zika, was assembled with 
an algorithm. I have shown how algorithms play a 
crucial role in assembling the intensities, risks, and 
projections for the future. 

A pandemic is made in a web of infrastructures 
and practices around the world. The state of the 
Zika pandemic depended on practices of counting 
(cases and mosquitos—in hospitals, jungles, and 
elsewhere), computational modelling, decisions in 
organizations and by algorithms, and so on. In this 
case, the counting of cases was also folded with 
climate data and risk modelling the presence of 
mosquitos. What this shows, is that a pandemic 
can be composed in many different manners that 
are often folded together as a seamless whole (cf. 
Mackenzie, 2014). 

But, as we have seen, not least in the current 
COVID-19 pandemic, constant debates about 
how to count erupt. What do these numbers 
mean? How much are we testing? Are these tests 
reliable? Can we trace disease through sewage? 
Should we count nationally or regionally? Over 
time, the manners in which the pandemic is 
enacted unfolds in different manners. That is, 
different manners of assembling and visualizing 
the pandemic are intensely political, and choices 
are made by different actors, in different times 
and places. However, it is not a politics of a sole 
algorithm. It is a myriad of relations that assemble 
a pandemic. 

The article has followed some of the practices of 
assembling the Zika epidemic with an algorithm. 
Apart from making this global epidemic in 
particular ways, the effect of harnessing the 
algorithm is that it opens and closes particular 
calculative spaces that move agency and choice, 
produce particular visibilities, and shape asym-
metries of power. Drawing on this analysis I have 
proposed three methodological rules for the 
social analyst of algorithms. 

Rule 1: Don’t punctualize agency, attend to how 
agency and choice are assembled

Rule 2: Abandon the opaque/transparent binary, 
attend to multiple and situated translucencies

Rule 3: Abandon the algorithm as the prime 
mover, attend to how power clusters and disperses
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This analytical strategy has allowed me to outline 
an alternate route to analyzing politics, opacity, 
and the assembling of power with algorithms. 
This route emphasizes that algorithms are inter-
twined with multiple practices, and not set apart 
from them. 

Importantly this approach bypasses the 
epistemic trap that results in treating algorithms 
as powerful black boxes that shape our lives 
and oppress the poor, and opens up a route for 
an analysis of algorithmic power as it unfolds in 
practice (cf. Muniesa, 2019). Thus, rather than 
attending to algorithms as singular and determin-
istic moments of fairness/bias, or as being binarily 
opaque/transparent, the article has followed the 
many ways in which algorithms come to shape 
agency, visibilities, and power, as well as the 
making of a threatening pandemic. 

These analytical strategies can help focus 
questions around algorithmic functions beyond 
the common adages of “algorithms are a modern 
myth,” “algorithms are opaque,” and “algorithms 
shape our world.” Asking about how algorithms 
open and close different spaces for agency and 
choice, produce particular visibilities, and shape 
asymmetries of power enables us to tell stories 
that are sensitive to the fluidity of algorithms, 
and enables an analysis of their power—as it is 
assembled in practice.

Acknowledgements
Thanks for providing insightful comments go to 
Fabian Muniesa, Nick Seaver, Malte Ziewitz, Steve 
Woolgar and the ValueS group at Linköping Uni-
versity, the STS seminar at Chalmers University of 
Technology, Tora Holmberg and the Cultural Mat-
ters Group at Uppsala University. Special thanks 
also go to Jenny Lee, Mikaela Sundberg, Johan 
Lindquist, David Moats, and Hedvig Gröndal who 
read early and (and sometimes multiple) drafts 
of the article. Thanks also go to my anonymous 
reviewers and editors, who provided insightful 
and helpful comments along the road. 

Disclaimer 
The content of this report does not necessarily 
reflect the official opinion of the European Cen-
tre for Diseases Prevention and Control (ECDC). 
Responsibility for the information and views 
expressed in the report lies entirely with the 
author.

Lee



84

References
Albu OB and Flyverbom M (2019) Organizational Transparency: Conceptualizations, Conditions, and Conse-

quences. Business & Society 58(2): 268–297. DOI: 10.1177/0007650316659851.

Ananny M (2016) Toward an Ethics of Algorithms: Convening, Observation, Probability, and Timeliness. 
Science, Technology, & Human Values 41(1): 93–117. DOI: 10.1177/0162243915606523.

Ananny M and Crawford K (2018) Seeing without knowing: Limitations of the transparency ideal and its appli-
cation to algorithmic accountability. New Media & Society 20(3): 973–989. DOI: 10.1177/1461444816676645.

Bingham N and Hinchliffe S (2008) Mapping the Multiplicities of Biosecurity. In: Lakoff A and Collier SJ 
(eds) Biosecurity Interventions: Global Health and Security in Question New York Chichester, West Sussex: 
Columbia University Press, pp. 1–23.

Burrell J (2016) How the machine ‘thinks’: Understanding opacity in machine learning algorithms: Big Data 
& Society 3(1). DOI: 10.1177/2053951715622512.

Caduff C (2014) Sick Weather Ahead: On Data-Mining, Crowd-Sourcing and White Noise. The Cambridge 
Journal of Anthropology 32(1): 32–46. DOI: 10.3167/ca.2014.320104.

Callon M (1991) Techno-economic networks and irreversibility. In: Law J (ed) A Sociology of Monsters: Essays 
on Power, Technology and Domination. London: Routledge, pp. 132–165.

Callon M (2007) What Does it Mean to Say That Economics Is Performative? In: MacKenzie D, Muniesa F 
and Siu L(eds) Do Economists Make Markets? On the Performativity of Economics. Princeton, NJ: Princeton 
University Press, pp. 311–357.

Callon M and Law J (1995) Agency and the Hybrid Collectif. South Atlantic Quarterly 94(2): 481–507.

Callon M and Law J (2005) On Qualculation, Agency, and Otherness. Environment and Planning D: Society and 
Space 23(5): 717–733. DOI: 10.1068/d343t.

Callon M and Muniesa F (2005) Peripheral Vision: Economic Markets as Calculative Collective Devices. Organ-
ization Studies 26(8): 1229–1250. DOI: 10.1177/0170840605056393.

Cochoy F (2008) Calculation, qualculation, calqulation: shopping cart arithmetic, equipped cognition and 
the clustered consumer. Marketing Theory 8(1): 15–44. DOI: 10.1177/1470593107086483.

de Fine Licht K and de Fine Licht J (2020) Artificial intelligence, transparency, and public decision-making: 
Why explanations are key when trying to produce perceived legitimacy. AI & Society: 1-10 DOI: 10.1007/
s00146-020-00960-w.

Deleuze G and Guattari F (1987) A Thousand Plateaus: Capitalism and Schizophrenia. London and New York: 
Continuum.

Diakopoulos N (2016) Accountability in algorithmic decision making. Communications of the ACM 59(2): 
56–62. DOI: 10.1145/2844110.

Diakopoulos N (2020) Transparency. In: Dubber M, Pasquale F and Das S (eds) Oxford Handbook of Ethics and 
AI. Available at: http://www.nickdiakopoulos.com/wp-content/uploads/2020/03/Transparency_pre-print.
pdf.

Dourish P (2016) Algorithms and their others: Algorithmic culture in context. Big Data & Society 3(2): 1–11. 
DOI: 10.1177/2053951716665128.

Edwards PN (2010) A Vast Machine: Computer Models, Climate Data, and the Politics of Global Warming. 
Cambridge, Mass: MIT Press.

Fearnley L (2008) Signals Come and Go: Syndromic Surveillance and Styles of Biosecurity. Environment and 
Planning A: Economy and Space 40(7): 1615–1632. DOI: 10.1068/a4060.

Garfinkel H (1967) Studies in Ethnomethodology. New Jersey: Prentice-Hall.

Science & Technology Studies 34(1)



85

Gillespie T (2014) The Relevance of Algorithms. In: Gillespie T, Boczkowski PJ and Foot KA (eds) Media Tech-
nologies: Essays on Communication, Materiality, and Society. Cambridge. MA: MIT Press, pp. 167–194. DOI: 
10.7551/mitpress/9780262525374.003.0009.

Gitelman L (2013) ‘Raw Data’ Is an Oxymoron. Boston, MA: MIT Press.

Goffey A (2008) Algorithm. In: Fuller M (ed) Software Studies. London: MIT Press, pp. 15–21.

Haraway D (1988) Situated Knowledges: The Science Question in Feminism and the Privilege of Partial 
Perspective. Feminist Studies 14(3): 575–599.

Jordan K and Lynch M (1992) The Sociology of a Genetic Engineering Technique: Ritual and Rationality in 
the Performance of the ‘Plasmid Prep’. In: Clarke AE and Fujimura JH (eds) The Right Tools for the Job. 
Princeton University Press, pp. 77–114. DOI: 10.1515/9781400863136.77.

Hinchliffe S, Allen J, Lavau S et al. (2012) Biosecurity and the topologies of infected life: from borderlines 
to borderlands. Transactions of the Institute of British Geographers 38(4): 531–543. DOI: 10.1111/j.1475-
5661.2012.00538.x.

Keck F (2014) From Purgatory to Sentinel: ‘Forms/Events’ in the Field of Zoonoses. The Cambridge Journal of 
Anthropology 32(1): 47–61. DOI: 10.3167/ca.2014.320105.

Keck F (2008) From Mad Cow Disease to Bird Flu Transformations of Food Safety in France. In: Lakoff A and 
Collier SJ (eds) Biosecurity Interventions: Global Health and Security in Question New York Chichester, West 
Sussex: Columbia University Press, pp. 1–33.

Keck F (2020) Avian Reservoirs: Virus Hunters and Birdwatchers in Chinese Sentinels Posts. Experimental Futures. 
Durham: Duke University Press.

Keck F and Lakoff A (2013) Preface: Sentinel Devices. Limn 1(3).

Kelly AH (2018) Ebola vaccines, evidentiary charisma and the rise of global health emergency research. 
Economy and Society 47(1): 135–161. DOI: 10.1080/03085147.2018.1448557.

Kelly AH and Lezaun J (2013) Walking or Waiting? Topologies of the Breeding Ground in Malaria Control. 
Science as Culture 22(1): 86–107. DOI: 10.1080/09505431.2013.776368.

Kelly AH, Lezaun J, Löwy I, Matta GC, de Oliveira Nogueira C and Rabello ET (2020) Uncertainty in times 
of medical emergency: Knowledge gaps and structural ignorance during the Brazilian Zika crisis. Social 
Science & Medicine 246: 112787. DOI: 10.1016/j.socscimed.2020.112787.

Kitchin R (2016) Thinking critically about and researching algorithms. Information, Communication & Society: 
1–16. DOI: 10.1080/1369118X.2016.1154087.

Knuth DE (1997) The Art of Computer Programming: Volume 1: Fundamental Algorithms. Addison-Wesley 
Professional.

Lakoff A (2008) The Generic Biothreat, or, How We Became Unprepared. Cultural Anthropology 23(3): 
399–428. DOI: 10.1111/j.1548-1360.2008.00013.x.

Lakoff A (2010) Two Regimes of Global Health. Humanity: An International Journal of Human Rights, Humani-
tarianism, and Development 1(1): 59–79. DOI: 10.1353/hum.2010.0001.

Lakoff A (2014) Two States of Emergency: Ebola 2014. Limn, 29 December. Available at: https://limn.it/
articles/two-states-of-emergency-ebola-2014/ (accessed 9 October 2020).

Lakoff A (2017a) A fragile assemblage: Mutant bird flu and the limits of risk assessment. Social Studies of 
Science 47(3): 376–397. DOI: 10.1177/0306312716666420.

Lakoff A (2017b) Unprepared : Global Health in a Time of Emergency. Oakland, California: University of Cali-
fornia Press.

Lee



86

Lakoff A and Collier SJ (2008) Biosecurity Interventions : Global Health & Security in Question. NY: Columbia 
University Press.

Larsson S and Heintz F (2020) Transparency in artificial intelligence. Internet Policy Review 9(2). Available at: 
https://policyreview.info/concepts/transparency-artificial-intelligence (accessed 1 October 2020).

Latour B (1987) Science in Action. Cambridge, MA: Harvard University Press.

Latour B (1999) On Recalling ANT. In: Law J and Hassard J (eds) Actor Network Theory and After. Oxford: 
Blackwell, pp. 15–25.

Lee F (2020) Sensing Salmonella: modes of sensing and the politics of sensing infrastructures. In: Witjes N, 
Pöchhacker N and Bowker GC (eds) Sensing Security: Sensors and the Making of Transnational Security Infra-
structures. London: Mattering Press, pp. 1–34. DOI: 10.28938/9781912729050.

Lee F and Björklund Larsen L (2019) How should we theorize algorithms? Five ideal types in analyzing algo-
rithmic normativities. Big Data & Society 6(2). DOI: 10.1177/2053951719867349.

Lee F, Bier J, Christensen J, et al. (2019) Algorithms as folding: Reframing the analytical focus. Big Data & 
Society 6(2): 1–12. DOI: 10.1177/2053951719863819.

Löwy I (2017) Leaking Containers: Success and Failure in Controlling the Mosquito Aedes aegypti in Brazil. 
American Journal of Public Health 107(4): 517–524. DOI: 10.2105/AJPH.2017.303652.

Lynch M (2012) Revisiting the Cultural Dope. Human Studies 35(2): 223–233. DOI: 10.1007/s10746-012-
9227-z.

Mackenzie A (2014) Multiplying numbers differently: an epidemiology of contagious convolution. Distink-
tion: Scandinavian Journal of Social Theory 15(2): 189–207. DOI: 10.1080/1600910X.2014.922110.

MacPhail T (2014) The Viral Network: A Pathography of the H1N1 Influenza Pandemic. Ithaca: Cornell University 
Press.

Marcus GE (1995) Ethnography in/of the World System: The Emergence of Multi-Sited Ethnography. Annual 
Review of Anthropology 24(1): 95–117. DOI: 10.1146/annurev.an.24.100195.000523.

Martin A and Lynch M (2009) Counting Things and People: The Practices and Politics of Counting. Social 
Problems 56(2): 243–266. DOI: 10.1525/sp.2009.56.2.243.

Mitchell T (2002) Can the Mosquito Speak? In: Rule of Experts: Egypt, Techno-Politics, Modernity. Berkeley: 
University of California Press, pp. 19–53.

Mol A (1999) Ontological Politics: a Word and Some Questions. In: Law J and Hassard J (eds) Actor-Network 
Theory and After. Oxford: Blackwell, pp. 74–89.

Mol A (2002) The Body Multiple: Ontology in Medical Practice. Durham: Duke University Press.

Muniesa F (2014) The Provoked Economy: Economic Reality and the Performative Turn. London: Routledge.

Muniesa F (2019) Societe du comportement, information de la sociologie. Zilzel 1(5): 196–207.

Neyland D (2018) The Everyday Life of an Algorithm. New York, NY: Palgrave Pivot.

Noble S (2018) Algorithms of Oppression: How Search Engines Reinforce Racism. New York: NYU Press.

O’Neil C (2016) Weapons of Math Destruction: How Big Data Increases Inequality and Threatens Democracy. 
New York: Crown.

Pasquale F (2011) Restoring Transparency to Automated Authority. Faculty Scholarship. Available at: https://
digitalcommons.law.umaryland.edu/fac_pubs/1353 (accessed 5.11.2020).

Pasquale F (2016) The Black Box Society: The Secret Algorithms That Control Money and Information. Reprint 
edition. Cambridge, Massachusetts London, England: Harvard University Press.

Science & Technology Studies 34(1)



87

Porter N (2012) Risky Zoographies: The Limits of Place in Avian Flu Management. Environmental Humanities 
1(1): 103–121. DOI: 10.1215/22011919-3609994.

Porter N (2013) Bird flu biopower: Strategies for multispecies coexistence in Việt Nam. American Ethnologist 
40(1): 132–148. DOI: 10.1111/amet.12010.

Porter N (2019) Viral Economies: Bird Flu Experiments in Vietnam. Chicago, IL: University of Chicago Press.

Robinson T, Rogers D and Williams B (1997) Mapping tsetse habitat suitability in the common fly belt of 
Southern Africa using multivariate analysis of climate and remotely sensed vegetation data. Medical and 
Veterinary Entomology 11(3): 235–245. DOI: 10.1111/j.1365-2915.1997.tb00401.x.

Rogers DJ (2000) Satellites, space, time and the African trypanosomiases. In: Advances in Parasitology 47: 
129–171. DOI: 10.1016/S0065-308X(00)47008-9.

Rogers (2007) Models for Vectors and Vector-Borne Diseases. In: Hay SI, Graham A and Rogers DJ(eds) 
Global Mapping of Infectious Diseases: Methods, Examples and Emerging Applications. Amsterdam: Elsevier 
Academic Press.

Sanches P and Brown B (2018) Data Bites Man: The Production of Malaria by Technology. Proceedings of the 
ACM on Human-Computer Interaction 2 (CSCW): 1–19. DOI: 10.1145/3274422.

Sandvig C, Hamilton K, Karahalios K, et al. (2014) Auditing Algorithms: Research Methods for Detecting 
Discrimination on Internet Platforms. In: Annual Meeting of the International Communication Association, 
Seattle, WA, USA, 22 May 2014, p. 23.

Sandvig C, Hamilton K, Karahalios K, et al. (2016) When the Algorithm Itself Is a Racist. International Journal 
of Communication 10: 4972–4990.

Scharlemann JPW, Benz D, Hay SI, et al. (2008) Global Data for Ecology and Epidemiology: A Novel Algorithm 
for Temporal Fourier Processing MODIS Data. PLoS ONE 3(1): e1408-13. DOI: 10.1371/journal.pone.0001408.

Seaver N (2017) Algorithms as culture: Some tactics for the ethnography of algorithmic systems. Big Data & 
Society 4(2). DOI: 10.1177/2053951717738104.

Seaver N (2018) What Should an Anthropology of Algorithms Do? Cultural Anthropology 33(3): 375–385. DOI: 
10.14506/ca33.3.04.

Segata J (2020) COVID-19, Crystal Balls, and the Epidemic Imagination. In: American Anthropologist. Available 
at: http://www.americananthropologist.org/2020/07/02/covid-19-crystal-balls-and-the-epidemic-imagi-
nation/ (accessed 29 October 2020).

Shapin S (2020) Drain the Swamps. London Review of Books, 4 June. Available at: https://www.lrb.co.uk/
the-paper/v42/n11/steven-shapin/drain-the-swamps (accessed 20 August 2020).

Strathern M (2002) Abstraction and decontextualization: an anthropological comment. In: Woolgar S (ed) 
Virtual Society? Technology, Cyberbole, Reality. Oxford: Oxford Univesity Press, pp. 302–313.

Tsoukas H (1997) The tyranny of light: The temptations and the paradoxes of the information society. Futures 
29(9): 827–843. DOI: 10.1016/S0016-3287(97)00035-9.

Wang D, Bowman DD, Brown HE, et al. (2014) Factors influencing U.S. canine heartworm (Dirofilaria immitis) 
prevalence. Parasites & Vectors 7(264): 1–18.

Winner L (1980) Do artifacts have politics? Daedaleus 109(1): 121–136.

Ziewitz M (2017) A not quite random walk: Experimenting with the ethnomethods of the algorithm. Big 
Data & Society 4(2): 1–13. DOI: 10.1177/2053951717738105.

Lee



88

Notes
1  See Kelly et al. (2020) and Löwy (2017) for a background on the Zika crisis in Brazil. 

2  In this, I use the concept of assemblage drawing on Actor-Network sensibilities. That is, I see an assem-
blage as a network of objects of heterogeneous character whose ongoing relations shape the direction 
of the whole network (Callon, 2007). Other synonyms for assemblage analysis are: actant-rhizome 
ontology (Latour, 1999), hybrid collectifs (Callon and Law, 1995), or agencement (Deleuze and Guattari, 
1987). The point of such an analysis is to not presume where agency resides, but rather to trace the 
relations by which it is assembled in particular locations.

3 The computer science definition of an algorithm seems to be the dominant definition in STS. In 
computer science thick catalogs of optimal algorithms for different tasks are published and updated 
regularly (Knuth, 1997). In the The New Oxford American Dictionary algorithms are defined as “a process 
or set of rules to be followed in calculations or other problem-solving operations, especially by a 
computer: a basic algorithm for division.” The word itself is said to hark back to the name of the Persian 
mathematician al-Khwārizmī, who developed a systematic method for solving equations—laying the 
foundation for modern algebra. In other settings, an algorithm can be a simple (or complex) flowchart 
for medical treatment. I.e. take a sample for culture from a patient, let sample sit in a petri-dish, if there 
are bacteria there, give the patient antibiotics, if no bacteria are present tell her that it is probably a 
virus and that s/he needs to rest.

4 Thanks David Moats for this useful comment on the politics of algorithms. 

5 This analytical stance draws on practice-oriented post-ANT sensibilities (Lee et al., 2019; Neyland, 2018; 
Ziewitz, 2017).

6 As many have pointed out algorithms are often part of a distributed assemblage (Ananny, 2016; 
Gillespie, 2014; Kitchin, 2016; Seaver, 2018). For instance, Seaver points out that “Presuming that algo-
rithms must have a stable and coherent existence makes it harder, not easier, to grapple with their 
production and ongoing maintenance.” (Seaver, 2017)

7 Sometimes these understandings of algorithms go hand in hand, for instance when complexity and 
the fearful opacity of algorithms seem to meet (Burrell, 2016).

8 https://facctconference.org/

9 This epistemic trap has led to the unfortunate state of affairs where the black box metaphor in actor-
network theory—which was a cry for opening black boxes—has become conflated with lamentations 
of methodological problems of field access, secrecy, and understanding complexity. The black box 
metaphor in actor-network theory was never meant to be used to describe a stable state of affairs, 
but to highlight the human and social tendency to punctualize networks of relations in black boxes. 
Opening the black box was always a metaphor for uncovering heterogeneous networks of perfor-
mances, relations, stabilizations of the world. The conflation is understandable, but unfortunate, if we 
want to actually do social analyses of the unfolding algorithmic society.

10 In the words of Muniesa: “Often qualified as critical, this alternative [analysis of algorithms], is expressed 
today by an abundant literature that […] is recognized in the rhetoric of the “black box:” that of the 
computer code, it is that is to say that of the political, economic, cultural encoding that this code serves, 
an encoding that it is therefore a question of “decrypting” in order to expose the “power of algorithms”. 
This alternative, generally endowed with a more or less emancipatory vision, however, often seeks 
more to renew the premises cultivated by the computer environment than to free itself from them.” 
(Muniesa, 2019: 205)

11 In the terminology of Lakoff (2010), disease surveillance sits squarely in the “global health security 
regime” which focuses on preventing disease threats toward the population, in this case the popula-
tion of the EU. See also Lakoff (Keck and Lakoff, 2013; Lakoff, 2017b). 
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12 Different parts of the network of disease surveillance are important for different diseases. For instance 
for the surveillance of the seasonal (or otherwise) flu, disease surveillance in Hong Kong and Indonesia 
are important centers (Keck, 2014; Lakoff, 2010). 

13 For the politics of disease surveillance, see for instance the wide-ranging scholarship centered around 
studying the politics and expertise of biosecurity (Bingham and Hinchliffe, 2019; Fearnley, 2008; Hinch-
liffe et al., 2012; Lakoff, 2008, 2014, 2017a; Lakoff and Collier, 2008). On Salmonella politics see Lee 
(2020). 

14 The Zika Algorithm is not a sentinel device in the sense that it serves as an early warning system, but 
it nevertheless serves to produce a particular charismatic image of the Zika epidemic. It produces the 
pandemic as an object in society and nature. On sentinel devices, see Keck and Lakoff (2013) on the 
power of charismatic evidence see Kelly (2018). 

15 The ranking of different countries’ disease surveillance resonates with MacPhail’s (2014: 6) discussion 
about the assessment of “good” information in US disease surveillance. 

16 Compare to the counting of genes and protestors in (Martin and Lynch, 2009).

17 We could drill down in all these risk classifications, but it will suffice to focus on one to make my points. 

18 Mosquitos regularly become targets for intervention in disease control and surveillance. Different 
breeds are adept at spreading different diseases. The Aedes aegypti spreads Chikungunya, Dengue, 
and Zika. While other breeds spread for instance Yellow fever, West Nile fever, or Malaria. Mosquitos 
have therefore played a significant role in public health work in tropical climates (Kelly and Lezaun, 
2013; cf. Löwy, 2017; Mitchell, 2002; Shapin, 2020). Birds also regularly become the targets of disease 
surveillance, especially in the wake of the multiple forms of bird flu. See for instance (Keck, 2014, 2020; 
Porter, 2012, 2013, 2019)

19 Downloaded from: https://en.wikipedia.org/wiki/Aedes_aegypti#/media/File:Aedes_aegypti.jpg. 

20 Downloaded from https://e3geoportal.ecdc.europa.eu/SitePages/E3%20Map%20Viewer.aspx#

21 The bespoke database produced by the Oxford team was assembled by searching the scientific litera-
ture, in PubMed and Web of Science, for locations where Aedes aegypti had been found. The US CDC 
database of Aedes aegypti occurrences was a map of counties in the USA where Aedes aegypti existed. 
This map was originally published in 1965 and augmented in 2008. 

22 They used NASA’s Terra satellite to obtain spectroradiometer data and elevation. From the Worldclim 
database they incorporated temperatures and rainfall. They also drew on the HADCM3 climate model, 
which was produced for the IPCC. Lastly, estimated human population density/km2 was obtained from 
the Global Rural-Urban Mapping project.

23 US CDC map unavailable at the original location, however it is republished in Wang et al. (2014).

24 See https://en.wikipedia.org/wiki/K%C3%B6ppen_climate_classification#/media/File:K%C3%B6ppen-
Geiger_Climate_Classification_Map.png

25 Downloaded from https://earth.esa.int/documents/257246/3374126/Adams-Bridge-Sentinel-2-
17112017-full 

26 See for instance Cochoy’s (2008) analysis of how agency to calculate is configured in shopping practices.

27 Opacity and transparency can be seen as two sides of the same coin. See for instance (Tsoukas, 1997).
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28 The literature on algorithms has dealt with the shifting nature of opacity by for instance identifying 
more typologies for transparency/opacity (Ananny and Crawford, 2018); and by acknowledging that 
transparency/opacity is not a binary affair, but a gradual continuum between total transparency and 
total opacity (Diakopoulos, 2020). For instance, Burrel (2016) identifies three types of opacity, while 
Ananny & Crawford (2018) discuss the challenges of the transparency/opacity ideal. There is also a 
growing analytical awareness that “The convoluted interrelationships among different technical 
and human components often complicate and tend to obfuscate accountability for lapses of ethical 
behavior.” (Diakopoulos, 2020). See also de Fine Licht and de Fine Licht  (2020)

29 Which Seaver (2017: 5) has observed in terms of the anthropological interest in secrecy. See also (Albu 
and Flyverbom, 2019) for an organizational argument for analyzing transparency/accountability in 
practice.

30 For shopping carts, see Cochoy (2008), and for an analysis of the Arizona stock exchange, see Muniesa 
(2014). 

31 Qualculation one might even say (Callon and Law, 2005; Cochoy, 2008).
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