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Abstract

Computer-aided detection algorithms based on artificial intelligence are increasingly being tested and used as a means for
detecting tuberculosis in countries where the epidemic is still present. Computer-aided detection tools are often presented
as a global solution that can be deployed in all the geographical areas concerned by tuberculosis, but at the same time, they
need to be adjusted and calibrated according to local populations’ characteristics. The aim of this article is to analyze the
tensions between the standardization of computer-aided detection algorithms and their local adaptation and the political
issues associated with these tensions. We undertook a qualitative analysis of practices associated with tuberculosis detection
algorithms in different contexts, contrasting the perspectives of various stakeholders. Algorithms embed the promise of
standardization through automation and the bypassing of variable human expertise such as that of radiologists, they
are nonetheless objects of local practices that we have characterized as “tweaking.” This work of tweaking reveals how
the technology is situated but also the many concerns of the users and workers (insertion in care, control over infrastructure,
and political ownership). This should be better considered to truly make computer-aided detection innovative tools for tuber-
culosis management in global health.
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staff and materials, etc. CAD is often presented as a
global solution that can be deployed in all the geographical
areas concerned by TB. At the same time, they need to be

Introduction

Computer-aided detection (CAD) algorithms based on arti-
ficial intelligence (AI) are increasingly being tested and
used as a means for detecting tuberculosis (TB), which is
one of the top infectious killers in the world with 1.3
million deaths a year and more than 10 million people
who fall ill every year." While diagnosing TB has always
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represented a major medical challenge, diagnostic tools
have expanded considerably in recent years. These tools
include molecular tests for the detection of TB and drug
resistance, various biomarker-based tests for the detection
of TB, as well as CAD for TB screening using digital
chest radiography, which is the subject of this article. The
promises associated with CAD are many and varied:
Improved detection, automation, ease of use, enhancing
or even replacing radiologists, reduced costs, savings on
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calibrated according to local populations’ characteristics, in
a certain form of tension between standardization and local
adaptation. The aim of this article is to analyze the tensions
between the standardization of CAD use and their local
adaptation, and the technical and political issues associated
with these tensions. Those issues, we argue, can be analyzed
and understood through the tweaking of algorithms, a
usually invisible work, which we define not only as the fine-
tuning or optimization of an algorithm’s parameters to
improve its performance, but as the process which involves
a combination of theoretical and practical knowledge of the
algorithm itself, an understanding of the social application
context and practical experience in engaging with TB care.

Abnormality scores, thresholds,
and the need for tweaks

In 2021, the World Health Organization (WHO) issued a
new recommendation on the use of CAD, approving its
use as an alternative to human interpretation of radiographs
for the detection of TB.? One of the conditions is specified
in the WHO report:

Evaluations showed substantial variation in diagnostic
accuracy across different contexts, implying that the use
of CAD will require calibration for the purpose and
setting in which it will be implemented.?

When CAD is used to analyze a digital chest radiography,
for each image, it outputs an abnormality score. Higher
scores indicate greater abnormality. To distinguish
between presumed active TB and the absence of TB, a
detection threshold must be applied. When a CAD score
is below the threshold, the possibility of active TB is
excluded. When the CAD score is above the threshold,
then active TB is detected, and further investigation is
required, typically through sputum testing for TB.

There were several reasons why WHO deemed it prefer-
able to use CAD with local calibration. The accuracy of CAD
varied between study sites, and within sites between patient
subpopulations; for example, it seemed to miss more active
TB disease amongst people living with human immunodefi-
ciency virus (HIV), and amongst people who had already
had TB, it resulted in more false-positive classifications.
Hence, each site or clinic applying CAD should identify
the best score to apply as a threshold, and potentially con-
sider identifying separate thresholds for subpopulations.
The adjustment practices are important in terms of both indi-
vidual care and epidemiological impact. In practice, the epi-
demiological studies needed to calibrate the CAD were left
to the research units, often based in the North, which super-
vised the CAD deployment pilot projects.

Such epidemiological studies are nevertheless very diffi-
cult and costly to carry out under real-life conditions. The

high TB burden places where CAD would be most useful
are often also those where a paucity of resources makes
undertaking rigorous calibration studies potentially quite
challenging. To bridge the gap between theoretical require-
ments and real-life conditions, an abundance of guides and
webinars have followed the WHO’s recommendation to
help users and set the standard for a practice that remains
complex. The responsibilities involved in regulating these
devices in general, and their calibration in particular, have
both technical and political implications. Concrete calibra-
tion practices thus lie at the crossroads between the tool’s
promise of global health and concrete local uses, with
their share of economic, social, and material determinants.

The calibration of diagnostic and technological tools is a
social and technical process in medicine and global health,
involving tensions between standardization and localiza-
tion.> Moreover, calibration is often analyzed from epis-
temological, socio-historical, and analytical perspectives,*
but in the case of CAD technologies, through the adjust-
ments to this calibration, another aspect emerges, a socio-
political one. In the first part, we will shed some light on
the results of our survey, showing how the calibration of
CAD tools continues to be uncertain regarding the specifi-
cities of TB. In the second part, we will describe practices
that we describe as “tweaking,” which we define as a
variety of ways local actors appropriate technologies,
including calibrating them in the field, in parallel with the
recommendations of global health institutions. We will
then discuss these results, showing how CAD technologies
are not automatic solutions, but rather part of work and
maintenance procedures that are largely underestimated.
This technological workspace reveals the possibilities and
limits of political appropriation of algorithms tools in
global health.

Conceiving tweaking as labor
and care for technologies

The very term calibration can have several meanings. While
calibration refers to the calibration and adjustment of equip-
ment to maximize its accuracy, calibration can also be
applied to social and political processes, particularly those
relating to standardization in global health.” So, beyond
the technical aspect, new technological tools bring about
calibration phenomena in evaluation and regulation pro-
cesses. At a public and institutional level, public health
interventions can be “calibrated” according to the emer-
gence of new technologies.® Calibrations are also played
out between the technical elements that automate detection
and human response capabilities, and depend on conditions
that play out outside the diagnostic tool alone, local con-
texts, populations specifications, epidemic particularities,
use in general population screening or hospital symptom-
atic triage, etc.
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In this article, we approach detection technologies
through a critical anthropology of technologies and
related practices. This enables to qualify the idea of automa-
tion/standardization of diagnosis by detection algorithms.
We explore how technologies and tools for the automatic
detection of TB are also at the heart of many human adjust-
ment processes and use. We define “tweaking” as the term
to describe and analyze the adjustments and tinkering that
take place at every stage in the stabilization of the technical
tool in various contexts. We analyze “tweaking” actions in a
wider sense, going beyond the technical aspects to the level
of regulation and political appropriation to better under-
stand how global algorithms are also localized in the prac-
tice. These elements are very much in evidence in
discussions about CAD, which depend on infrastructures,
local objectives, uses in context, algorithmic models that
are constantly being evaluated as new versions are
created. Whereas algorithms have been critically analyzed
through their construction,” we aim at analyzing algorithms
uses and insertion into their context through this tweaking
work.

Indeed, the automation generated by the widespread use
of Al is leading to a redistribution of tasks in the workplace.
Two types of carers seem to be emerging with the arrival of
algorithms in healthcare infrastructures. Firstly, the “nor-
thern” carers, from the academic world, who are able to
promote the technology through efficiency studies. Then
there are the “workers in the shadows” such as field techni-
cians—whose work may be devalued, like click workers®—
who use CAD in conditions other than the laboratory. One
of the aims of this article is to shed light on these two types
of work and their differential valuation. One of the hypoth-
eses is that “middle workers” specifically construct the
technological universe specific to CAD through tweakings;
a work that is often little valued or even invisible, and which
is just as important as the preliminary design work carried
out by developers.’

Methods

We therefore undertook a qualitative inquiry of these
tweaking practices in different contexts from 2020 to
August 2023. The first step was to analyze the documents
providing a framework for calibration, in particular those
provided by the WHO, Foundation for Innovative New
Diagnostics (FIND which has become Diagnosis for all),
the StopTB partnership, an international partnership spe-
cializing in TB issues, TB funding and in the evaluation
of new diagnostic tools. These documents contain several
elements, including scientific findings and practical recom-
mendations. We also watched and analyzed online webinars
dealing with the calibration of detection tools and the infra-
structural conditions that enable CAD to operate in the dif-
ferent contexts studied.

Our method also consisted of contrasting the perspectives
of various stakeholders (n = 43) on calibration procedures and
times (Table 1). We conducted a series of interviews with

Table 1. Research participants.

Computer-aided Company A Anonymised 3

detection
(CAD) Company B Anonymised 6
developers
(n=12) Company C Anonymised 2
Company D Anonymised 1
Regulators International Anonymised 1
(n=3) Health
Organization A
International Anonymised 2
Health
Organization B
Facilitators International Geneva 1
(n=13) Health
Organization A
International Geneva 4
Health
Organization B
International Anonymised 2
Development
Organization A
International Anonymised &
Development
Organization B
International NGO Europe 2
headquarters
Users NGO Eastern 1
(n=15) Africa
NGO Southern 2
Africa
NGO South East 5
Asia
NGO Western 4
Africa
Academic Africa 2
Academic North 1
America
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regulators (International health organizations) and facilitators
(Global Fund, StopTB Partnership, FIND), giving an over-
view of how (a) the score, (b) the threshold, and (c¢) calibration
as an iterative process were understood. Another series of
interviews was conducted with leading users of the technolo-
gies located in Africa, Europe, South, and Southeast Asia,
which provided information on the complexity of calibration
and the methods used, which are much more iterative and
dependent on local contexts.

The main limitation of this research is that we were not
able to observe first-hand the tweaking work on site and the
practices of the people working with CAD. Even though we
tried, through interviews, to situate people in their contexts,
there is a lack of in situ observations that could be the
subject of future research. We feel, however, that we have
addressed the main issues revealed by tweaking practices
through the concerns expressed by users in our interviews,
or through online workshops and trainings on the use of
CAD which we attended to.

Results

Uncertainties and calibration

CAD algorithms classify digital chest images, resulting in a
numerical score. The software enables a score from 0 to 100
to be established for each image. The score generated by
CAD software is often referred to as an abnormality
score. However, in the discourse and recommendations of
global health actors, it is repeatedly stated that the abnor-
mality score should not in itself be considered as a probabil-
ity, as these abnormality scores are not necessarily linearly
linked to an objective probability that the images contain
signs of TB. Based on this abnormality score, the software’s
associated decision is based on a cut-off point. Otherwise
known as the threshold score or operating point, it deter-
mines the boundary between images with “absent abnor-
malities” and those with “suggestive abnormalities” of
TB. The key to calibration for local practices, whether
screening in the general population or hospital triage, lies
in setting this threshold. The score threshold is representa-
tive of the test’s expectations of sensitivity (% of truly posi-
tive patients) and specificity (% of truly non-diseased
negatives). Since 2014, the TB community has considered
acceptable tests with at least 90% sensitivity and 70%
specificity.

However, these scores—and therefore, the thresholds—
are not standardized in the same way between different
developers’ CAD softwares and versions. In fact, CAD
software is developed by several companies whose algo-
rithms have been constructed differently. The abnormality
score distributions will therefore differ. There is also sub-
stantial variability within the same software—successive
version updates have an impact on the abnormality score
distribution, as the algorithms are refined several times,

meaning that repeat calibration would be needed after
every software update. Questions about scores and thresh-
olds have led to a series of discussions and even misunder-
standings about how the algorithms work. The global health
community dealing with TB then discussed the meaning of
this score, generally out of 100, which became equivocal
with a rate or a percentage.

The abnormality scores is not a percentage. It does correl-
ate. As you go higher, generally speaking, there is almost
always a higher positive predictive value or there’s going
to be a higher positivity rate at that score, if you’re doing
a large population. But it is not 90 =90%. And there was
a lot of education that needed to go on early when you
gave a score that was numeric close to 100, yet that
person did not have TB. And not only did that person not
have TB, more than 50% of those people did not have
TB. [...] It is not intuitive. (Interview 1, International TB
organization)

Finally, there was another misunderstanding in the global
health community regarding the thresholds to be applied
according to the scores obtained, leading to a presumption
of TB or not. The continuous variable of the abnormality
score then becomes a “yes” or “no” variable, leading to con-
firmatory biological tests (molecular biology confirmation
tests such as GeneXpert), or not. The reduction of a
complex reality such as TB to a single figure is part of a
complex social process that generates a certain number of
doubts on the part of those involved in the technology
and the care associated with it. As analyzed in the literature,
the level of trust placed in Al systems conditions the use
that can be made of them.'® What is known as calibration
is also at play in the expectations raised by usage compared
with the actual possibilities of the tools using AL Two
biases are often considered in practice: A so-called over-
reliance bias and an algorithmic aversion bias, i.e., a com-
plete refusal to use algorithms.'"'? The process of building
trust in the tool is a gradual one, involving many players.
The first stage in this process of building trust has been
ensured by numerous scientific publications evaluating
CAD. But this issue of calibration and finding a “sweet
spot” in the effectiveness of tools remains a challenge at
the intersection of knowledge, confidence, the actual prac-
tices of users, and the health systems in which CAD are
applied.

A global recommendation and various practices. The crucial
stage of calibration raises questions for tool designers, eva-
luators and technology users alike. Within the calibration
recommendation module proposed by the WHO," a
certain number of conditions must be met for this adjust-
ment of the technologies. The WHO recommendation of
2021 clearly states that one of the conditions for the use
of CAD is the reference to epidemiological studies. CAD
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score is then adjusted to the context and characteristics of
the populations concerned (age, HIV co-infections in par-
ticular). These studies require usable clinical databases
and demographics, and access to standardized bacterio-
logical tests such as GeneXpert.

However, this method of calibration based on large-scale
epidemiological studies appears to be a particularly time-
consuming and cost-demanding stage, and the players inter-
viewed do not necessarily have the same point of view on
this stage. Some consider it too restrictive and may discour-
age future users. Faced with this situation, iterative calibra-
tion based on the realities on the ground is sometimes
preferred. The interviewees, faced with the problem of
determining thresholds, also gave concrete examples of
how they are used:

An easy way to understand this: a 70-year-old person with a
CAD score of 80, is not the same as a 20-year-old person
with a CAD score of 50 or 60. But right now if I take a
CAD score cut-off, I will be testing the 70-year-old
person and not the 20-year-old person with a 60 cut-off.
So it doesn’t make any sense and it isn’t efficient. It is
not going to be scalable.(Interview 2, TB Organization in
South Asia)

In the end, far from the WHOQO’s initial recommendations,
calibration is more of an “art,” a human trade-off based
on economic and diagnostic resources. Calibration is part
of a chain of relationships involving radiologists in the
field, screening program policies, national TB program
choices, etc. The adjustment of CAD tools appears
“messy” and “still evolving” for some of the
participants in a context where resources and time are
limited, which more broadly reflects the emergency
context surrounding TB epidemics.

Calibration responsibility. In most cases, developers state
that calibration is the responsibility of the “customer”
(national TB programs, pilot projects, etc.). Some compan-
ies state that they do not carry out the calibration stage,
while others provide more direct support to their customers.
The question of who is responsible for calibrating the tools
came up regularly in the interviews. There are major issues
at stake, insofar as this technical procedure prefigures, in
part, an individual’s entry into a care process:

And then there were questions on CAD threshold. So
whose responsibility is it to define the CAD threshold?
Should implementers be budgeting and doing that oper-
ational research to find the CAD threshold, or should the
companies already be doing that, and then telling you in
your context that this is the context? I remember questions
like that from that session, yeah. (Interview 3, International
health organization)

The clear answer to this question from global health imple-
menters is that it is up to the group implementing the tech-
nology, i.e., the customers, to decide:

If you talk to the groups, and you probably will, who have
done the biggest scale of this stuff, they never did these
studies. They can’t even tell you what their optimal thresh-
old was, but they can tell you very well how many people
they can screen per day and where they were looking at to
get. And they would move it up when they didn’t have as
much money and move it down when they did have
money. They knew that they were missing people. They
could do some studies and say “if we retest people from
range 40 to 50, we can quantify that we are missing”.
They could tell you that, but it didn’t matter, because
they didn’t have enough tests or enough space. So it is
really up to the group that is implementing. It is not regu-
lated in International TB

that way. (Interview 4,

Organization)

Responsibility for calibration is therefore not at all clear and
ultimately lies with users, who are rarely equipped to cali-
brate CAD in the way recommended by the WHO.
Ultimately, the impossibility of standardizing calibration
has led to a proliferation of practice guides and webinars
aimed at sharing local practices and providing “bottom-up”
guidance. Many users are also highly critical of the stand-
ardization recommendations. There are several reasons for
this. Firstly, it slows down the implementation of this
tool, and in an “accelerating global health” context,'* pre-
cautions are often seen as obstacles. Secondly, some stake-
holders point out that these recommendations were based
on certain systems that did not provide a default threshold.
However, many designers now offer default thresholds. It is
then up to the user to optimize their use, if they can. This
situation accentuates inequalities in health, since the
best-equipped users will be able to calibrate, while those
with less time and resources will use default thresholds
and manage to do as they can. Dangers of changes in thresh-
olds with version updates have also been pointed in the
recent literature.'”

A new evaluation infrastructure. Noting the difficulties of
calibration, some organizations promoting the use of
CAD have begun to offer evaluation platforms, facilitating
the validation of CAD tools for different populations. In this
respect, the platforms are also infrastructures that aggregate
datasets from different sources, particularly in the context of
migration or active case finding. This is the case of FIND,
the institution at the center of the CAD promotion and
evaluation network. FIND has set up a validation platform
that allows them to independently evaluate Al-based diag-
nostics including CAD software for x-ray or other images
and predominantly for TB but also for other diseases.
Such evaluation platforms are therefore concrete responses
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to calibration issues. This infrastructure is also positioned as
the heart of the WHO’s prequalification process of CAD.
The agreement between the WHO and FIND enables this
infrastructure to be positioned in this way.

Relying on such a platform, the WHO is in fact in the
process of setting in motion a long-awaited prequalification
process aligned on the one used for medicines'® to validate
CAD products and their uses. It should be remembered that
this process is unprecedented on the scale of the WHO and
global health, while certain jurisdictions such as Canada,
the USA, and Europe are in the process of adopting rules
akin to this prequalification for Al-based detection tools.
WHO working groups on the issue of prequalification
have embarked on discussions as well as multiple assess-
ments that are forms of regulatory tweaking at several
scales given the difficulties and obstacles that remain sig-
nificant, particularly in the case of Al technologies that
are constantly evolving.

How does a PQ [prequalification] work when a software
changes every year? And between the versions, the under-
lying algorithm can change dramatically. You never know.
We will never know because it is a business secret and engi-
neers themselves don’t even know. So the only way to
assess which projects are used or whether they’re up to dif-
ferent versions, which versions they are up to, it is to see
how they actually perform. I don’t want to say forget
about how it works, but if it works, then it works. (interview
5, International TB Organization)

The people in charge of regulation are aware of the task, its
technical difficulty and its political importance for the
WHO. Regulation is essential to the legitimation of global
health institutions, which are forced to adapt to new and
changing tools.'” However, while the international infra-
structure for this regulation is proving difficult to put in
place, local and national players are more directly affected
by the need to cope with their CAD calibrations.

Algorithmic tweakings and political stakes

Economical conditions associated with CAD and other
technologies. CAD detection technology 1is intimately
linked with another technology, in this case, biomolecular
diagnostics, GeneXpert testing. As the entanglement of
CAD in a more global network of players and technologies
becomes more apparent, the promise of automation, so
central to the rhetoric about the potential of Al, becomes
less obvious:

The linkage to confirmation tests is to be honest, a weak
point. (Interview 6, Local TB Organization).

Adjusting calibration means finding what is convenient,
or what is pragmatic. Participants tweak and adjust to their

own experiences, demonstrating their ability to appropriate
CAD tools both practically and politically. One of the most
important conditions for determining detection thresholds is
the availability of GeneXpert cartridges. For example, an
interviewee based in West Africa highlights how calibration
is carried out according to the economic resources
available:

When we started at 35, we had a huge pool eligible to go for
GeneXpert Machine. So our sample size became very huge.
So we had to increase the bar to 50. (...) We had two
machines, one was 50 and one was 60. We tried those sep-
arate thresholds to see the sensitivity of the machine and
how many presumptive cases we were getting. And we
had them different for different periods. [...] Based on
those trials for thresholds, we eventually agreed and said
“ok, 50 was an acceptable threshold that would give us
good presumptive cases that would eventually get us the
people to be tested using the GeneXpert machine”. So
again, this is from our country experience. (Interview 6,
Local TB Organization)

In these cases, the calibration experiments show precisely
how CAD can be tools for adapting to existing conditions,
rather than revolutionary tools for creating a radically new
reality. Indeed, CAD can act here as a palliative to a struc-
tural shortage of GeneXpert tests, which cost from $8 to
$10 per test. Beyond this link with GeneXpert testing,
these practices also raise questions about the ways in
which CAD could adapt to other systemic difficulties,
such as access to anti-TB treatment, or more structurally,
the lack of data infrastructure in a given territory.

« Tweaking » as political ownership. Other tweaking is
carried out and is more directly political. An international
NGO in the North found itself in a situation, which led it
to view the calibration methodology proposed by the
WHO as an unacceptable dependency. For this NGO,
allowing themselves to make calibration adjustments also
became a way of appropriating the technology:

This is WHO’s recommendation for calibration. They asked
for a calibration study. It’s impossible to do that, and it’s a
bad WHO recommendation. It’s going to prevent people
from using CAD. We don’t do that. Even in the country
where we operate, they did a trial and they saw what it pro-
duced. The protocol they’re suggesting is very difficult. Our
study is already focused on feasibility and accessibility. The
first thought is that it’s not feasible to do a calibration study.

(...) In fact, for us, when we do mass screening, you have to
decide where you can put the test, so that you have enough
Xpert machines to test all the samples you’re going to have.
If you don’t have enough Xpert machines, there’s no point
(Interviewee 7, international Health NGO).
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Beyond the technical act and the economic quantities
involved, calibration constitutes a political practice of tech-
nology appropriation; a way of giving oneself the possibil-
ity of breaking a dependence that comes with this
technology. Other local NGOs have come to the same con-
clusion. As part of a large-scale screening program in South
Asia, threshold adjustment has become a public health
necessity as compared to standard practices accompanying
CAD tools:

(...) it was also very different in men and women. It was
very different in different age groups. So those thresholds,
having 1 CAD and 1 threshold where this is positive or this
is negative which is based on an internal cut-off point, is
completely inappropriate. Which is why an image-based
CAD on its own is actually far superior than verbally
asking symptoms, but it is still a very crude tool for the
21st century. So you need layers of other data feeding
into that decision about whether or not a person should be
asked to get a diagnostic test, and people don’t have the
data first of all. And when they do have the data, for
product manufacturers, somebody who is just selling
CAD, why should I create this hassle for myself saying
“oh I'm going to tweak it differently for all your different
populations”. They don’t need to; nobody is asking them
why they are spending 3 million dollars on gene expert car-
tridges. But they are asking us. We had to tweak the system.
(Interview 8, South Asia TB Organization)

Tweaking thus appeared to be a condition of technological
development in the sense of its ability to adapt to screening
contexts. From this perspective, the calibration of CAD is
also part of a concern for the care of beneficiary popula-
tions. The use of CAD by this NGO in South Asia is par-
ticularly revealing of a form of political ownership of a
tool so that it produces the expected care effects. This ques-
tion of responsibility that emerges from this NGO’s use of
CAD goes well beyond global recommendations and
announcement effects. Tweaking strategies then appear as
part of a political relationship to the technology that is
framed by some CAD users.

[...] we are determined that we are not going to find our-
selves in a situation dependent on the companies again.
And we are going to be able to tweak it. So just like I
said, one part of this is tweaking by population. You need
to tweak the algorithms by the different populations.
(Interviewee 8, South Asia TB Organization)

Calibration through tweaking is thus a way of emancipat-
ing oneself from a technological dependency in which
users find themselves indirectly placed by the WHO’s
recommendation. In fact, this NGO concluded that it
would have to develop its own algorithms for the sake
of better care, but also for the sake of appropriating the

technology. On the other hand, if a country or its national
instances in the ministries do not have the technical and
human capacity to adjust these algorithms to their
context, the tools could end up being used in a sub-
optimal way, or not being used at all. Local tweaking
and political ownership are therefore essential to the
deployment of CAD for global health. Control over the
infrastructure necessary for CAD use also raises political
ownership issues.

Managing clouds and infrastructure. Alongside tweaking
practices, we can also categorize more infrastructural
adjustments. Indeed, there is also a need for cloud manage-
ment to handle the mass of data generated by screening pro-
jects. Here too, several issues arise, such as the difficulty for
national programs to store and secure data through clouds,
which require infrastructure, national policies, and, more
generally, political sensitivity to these issues. This infra-
structure issue is crucial insofar as it can bring care inequi-
ties and political dependencies toward technologies and
the donors associated with them.'® This infrastructural
issue is directly observed by the developers of detection
algorithms:

For example, in this African Country, we have many
systems that are connected to our cloud sending images
everyday. Then those images are viewable anywhere in
the world. There are no radiologists there. (...) And so,
web-based security: in my opinion, our cloud service is
hyper-compliant and does all of those things. So, you do
your best to maintain the best possible security you can.
But in a location where there is no access to specialty
care, the people in this country are not concerned that
somebody is going to accidentally look at their chest
x-ray. Nobody cares. The programs care, the funders in
Europe care, but the person who has TB and is potentially
dying absolutely doesn’t care. No patient or operator
of the x-ray machine has ever asked me about cyber
security. (...) At the end of the day, the people that are
running the programs who are out on the ground every-
day, they don’t care. (Interview 9, International techno-
logical developer)

The infrastructural issue is mentioned here by way of cyber
security and data anonymity. From this point of view, the
lack of concern on the part of local ministries would be
an incentive to delegate this infrastructural side to develo-
pers or other private companies. This point is also made
in the context of large-scale pilot projects, each of which
is developing its own infrastructure:

I think that is a major challenge for the government
to upgrade. The owner of the data would be the govern-
ment. So, the epidemiology bureau (EB) should have
this capacity to support these things. Some of the
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infrastructure is provided by the government, but some-
times they cannot keep up with the infrastructure require-
ments so they request from donors to help. (interview 10,
International TB NGO)

On a national and international level, more and more data
brokers are investing in those parts of the world where
the digitization of human and social activities is taking
place. These private companies are penetrating the inter-
stices and limits of national infrastructures in the countries
most affected by TB. In this African Country, for example,
CAD developer and a private national IT company (ITC)
have joined forces to offer integrated solutions. The aim
is to offer complete solutions integrated with the cloud-
based data infrastructure model, enabling both the deploy-
ment of algorithmic tools and a form of appropriation/
enclosure via a local data manager:

ITC is part of the package that we have bought into through
our funding. So, it is independent of the Department of
Health. When we got the mobile units and set everything
up, we did everything through this ITC company. So, the
software we are using is the CAD software. That is the soft-
ware on our van. We’ve had quite a few meetings with them
to discuss various things but they are not ITC. ITC actually
constructed the whole van. They put the x-ray machine in
and synced all the systems up. They came as a whole
package. We got it as a package, and as part of the
package, ITC’s software and all of that is on the package.
The funding and the costs/expenses of it are running inde-
pendently of the Department of Health. (...) If we pick up a
patient with a presumptive x-ray, we work together with the
doctors and the clinicians in the Department of Health struc-
ture to make the management decisions going forward. So,
there is like a partnership but we are sort of independent to
the Department of Health. (Interview 11, International TB
NGO in Africa)

In this case, it’s a private national company that manages
the operationality of the algorithms and, more generally,
the infrastructure they require. This extract clearly
expresses the advantages of these solutions integrated
with data management and even practical management
aspects, including the organization of vans for screening
campaigns. On the other hand, the use of these algorithms
needs to be integrated into the national system, particularly
for the confirmation of presumptive cases. This brings us
back to some of the limiting factors mentioned above.
Beyond this technical aspect, the question of local owner-
ship of these tools is raised by the involvement of new
private companies in healthcare systems, which are becom-
ing necessary for the infrastructural management of these
tools and their data.

Discussion

The promises of standardization and the realities of
human needs for technology

Standardization in medicine in general, and in the field of
global health in particular, is always subject to interactions
with local practices.s‘19 So, while the intrinsic power of
algorithms holds out the promise of standardization
through automation and the bypassing of variable human
expertise such as that of radiologists, they are nonetheless
objects of local practices that we have characterized as
“tweaking.” This “localization,” in tension with standard-
ization, is often the way in which technologies make
sense in global health. More specifically, the field of TB
has been particularly marked by these issues for over a
decade of innovations, such as new technologies and stan-
dards that aim to reduce epidemic and improve treatment.’
From this point of view, CAD represents an additional layer
of technology to the supposedly universal promise of
improving TB treatment. What is also striking about this
technology is its claim to improve detection as such,
while at the same time making the other technologies intro-
duced in recent years (GeneXpert, treatments for resistant
TB, etc.) work better. From this point of view, CAD is
sometimes described as the missing link in the optimal
use of technologies to end the TB epidemic. Yet our
results show that these technologies are also localized
through these tweaking practices.

More specifically, CAD is also intrinsically conducive to
these localized practices through the uncertainties that
accompany them. Indeed, the issues surrounding calibration
include a series of trials and errors on the part of global
health institutions, echoing the ‘“algorithmic doubt” but
also the algorithmic calculation of doubt put forward by
Amoore.”!

Though this arrangement of probabilities contains within it
a multiplicity of doubts in the model, the algorithm none-
theless condenses this multiplicity to a single output with
a numeric value between O and 1. In short, the single
output of the machine learning algorithm is rendered as a
decision placed beyond doubt; a risk score or target that
is to be actioned.

The challenge of calibration is to ensure that the machine’s
result, the score, leads to a decision in the care pathway. For
CAD, and depending on the field of use, there are still radi-
ologists, which raised the question of doubt and responsibil-
ity. Tweaking the algorithm, which brings the human
element back into the decision-making process, is some-
times seen as a way of regaining control over the algo-
rithm’s characteristics. Furthermore, the tweaking or
iterative exploration of machine/deep learning algorithms




David et al.

can be found in other fields where operators, test and
experiment.”!

In the context of TB treatment, Al devices are being used
and deployed for multiple purposes. Embedded in vehicles
or backpacks, they can screen communities far from hospi-
tals, and mass screening interventions. These projects,
whether local or global, constitute instruments for global
health, as well as a tool at the center of a network of
actors, technologies, and institutions which constitute this
field.'” More broadly, this new type of technical tool
raises anew the question of the link between, on the one
hand, screening and its effectiveness, and on the other, its
real effects on the care and management of the individuals
detected. Even more so as CAD are presented (or ques-
tioned, for that matter) as game-changing tools in the
fight against TB.

Calibration is a way of making measurements universal-
izable, but in the case of CAD, it’s more a way of making
the instrument universalizable. The mirage of this univer-
salizability in global health is maintained by pilot projects
in archipelagos,®'*** which are carried out in underprivil-
eged conditions to demonstrate that the tool is “globaliz-
able.” If medicine was built on the representation of a
standardized and normalized body,” Al today seems to
reproduce forms of standardization at another level, that
of the global management of populations, while at the
same time reproducing the idea of a body without context
or history, which can be analyzed by a standardized
machine, even though there are differential immunities or
specific conditions which mean that the tool cannot be
used in the same way on all bodies.

Competition between technology care
and patient care?

From this point of view, CAD can be analyzed between
standardization and localization® through the concrete prac-
tices of healthcare or technology workers, both from the
North and the South. Indeed, our study shows the need to
consider the perspective and concrete work of fieldworkers,
like other research® have pointed out, at the forefront of
detection. While they use these new tools daily, the question
of maintaining and caring for the technologies constitute
other, less visible operations alongside the determined
choice of threshold. Indeed, CAD is truly at the interface
between technology and care, in a shifting boundary that is
defined according to context. Conceived as global and uni-
versal, they turn out to be locally more diverse depending
on socio-political factors. While GeneXpert has shown its
limits in its implementation, CAD is the promise of a more
efficient use of Xpert tests, and CAD represents for global
health actors customization systems for GeneXpert.
Ultimately, however, their use is determined by the availabil-
ity of GeneXpert. They therefore represent a paradigmatic

example of how a given technology can be less disruptive
than it appears, but rather adapt to a system and its condi-
tions, without making it possible to rediscuss the distribution
of funding or the political priorities for public health. By
piling on technical tools (GeneXpert + CAD) and focusing
on them only with a technical perspective, public health
and care priorities as well as political and social solutions
in response to TB epidemics might be blurred under a
form of care for technologies and their management.

Calibration thus raises the question of the care of tech-
nologies that come to compete with traditional care proce-
dures. The tweaking of algorithms takes place in relation
to specific populations within the global South: margina-
lized populations, sometimes more vulnerable to certain
risks, far removed from the healthcare system. This tweak-
ing represents both procedures left to actors in the field and
processes for re-appropriating the technique. As we saw in
the previous section, tweaking is both a technical and a
social practice. It depends on external factors and is far
removed from the rigor of large-scale epidemiological
studies. At each stage, human workers make choices in
the context of doubt. Calibration is therefore a key stage
in the integration of the large-scale CAD deployment in
global health.

Tweaking practices are thus manifold: comparing results
on several devices, increasing or decreasing the threshold,
experimenting with players in the field, worrying about
the future of people identified as positive or not, etc. By
opening the black box of calibration, we gain access to
the social aspects of learning machines. With the spread
of CAD also comes the spread of all these practices,
which are necessary to the functioning of CAD, and
which may also in some ways constitute diversions from
care or else generate new concerns for care, such as the
question of what happens to patients identified “abnormal”
but non-tuberculous in the detection process. Will they lead
to new types of care? Or will they be limited to diagnostic
and treatment dead-ends? Tweaking algorithms as a prac-
tice reveals how the technology is situated but also the
many concerns of the users and workers (insertion in
care, control over infrastructure, and political ownership).
This should be better considered into truly make CAD
innovative tools for TB management in global health.

Conclusions

Tweaking practices provide a better understanding of the
tensions between standardization and localization processes
in the diffusion of algorithmic technologies in a global
health context. While the WHO advises large-scale epi-
demiological studies with the aim of standardizing the
tool, field use involves tweaking both triage thresholds
and infrastructural devices. These practices are practically
driven by economic considerations associated, for example,
with the availability of GeneXperts tests, but also by political
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ownership strategies in relation to technologies potentially
incorporating a loss of control. We can thus see how the
issues of calibration and choice of thresholds constitute a
series of reappropriations that play out at other, more context-
ual levels, beyond the intrinsic performance of CADs.
Calibration tweaking is therefore a form of political owner-
ship, with choices being made in relation to the local contexts
of the different sites. It is important to take these political
re-appropriations seriously, as the risk here is precisely one
of management by scarcity. Far from the revolutionary pro-
mises of CAD, these tools could facilitate adaptation to situa-
tions of scarcity without calling into question the more
structural aspects determining disease detection, and more
generally the dynamics of TB infection.
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