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researchers in health economics and epidemiology increas-
ingly leverage ML algorithms with the aim of identifying 
and even addressing health inequalities (Obermeyer et al., 
2019; Chang et al., 2021). This paper articulates an account 
about how to manage the promise and perils of fair ML in 
health contexts by drawing on the insight that these systems 
are best seen as collaborative tools rather than straight deci-
sion-making tools.

While others have discussed this possibility, the col-
laboration between humans and algorithms has mostly 
been understood as a form of epistemic peer (dis)agreement 
(Bjerring and Busch, 2020; Grote & Berens 2020; Grote & 
Berens, 2021). Contrary to such a view, we argue that uti-
lizing ML algorithms for the purposes of mitigating health 
disparities requires us to explore alternative models of col-
laboration. For this purpose, we discuss a study by Pierson et 
al., (2021), which developed a ML algorithm that measures 
pain severity for knee osteoarthritis based on X-ray images 
– while being trained with a racially and socioeconomically 
diverse dataset. A potential caveat of this diverse dataset is 
that the algorithm might be more sensitive to pain-relevant 
statistical associations for disadvantaged sub-populations 
than for advantaged sub-populations. Consequently, the 
algorithm would perform worse for advantaged sub-popu-
lations than for disadvantaged ones. Against this backdrop, 
our main argument is that alternative forms of collaboration 

Introduction

There are growing concerns that the proliferation of 
machine learning (ML) algorithms in healthcare reinforces 
health disparities. It is well-established that ML algorithms 
used for image-based medical diagnosis, risk prediction, 
and informing triage decisions underperform for disadvan-
taged groups, such as women, or racial and ethnic minorities 
(Adamson & Smith, 2018; Noor, 2020; Owens & Walker, 
2020).1 However, there is also a different side to the story, as 

1  Here underperformance for a particular sub-population can be char-
acterised in terms of, inter alia, disparities in false positive rates, false 
negative rates, and overall accuracy, for that sub-population rela-
tive to others (Kleinberg et al., 2016; Chouldechova, 2017; Miconi, 
2017). See Sect. 3 for discussion.
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between ML algorithms and clinicians can promote fairness 
in healthcare, even if the ML algorithm is biased.

Here, the distinction between (un)fair algorithmic deci-
sions and fair final decisions – is a key concern (Green 
& Chen, 2019; Hedden, 2021; Grote and Keeling, 2022). 
Roughly, an algorithmic decision is a regression score or 
classification prediction outputted by an algorithmic, and a 
final decision is, for example, the diagnosis or treatment rec-
ommendation made by the clinician. The fairness debate in 
ML tends to silo algorithms by focussing merely on statisti-
cal properties indicative of algorithmic biases (Fazelpour et 
al., 2021a). This framing ignores that in practice the envi-
sioned role of ML algorithms in clinical environments is not 
to decide in isolation, but to guide clinicians’ decisions. To 
underscore the relevance of this distinction studies within 
the context of criminal justice indicate that humans are 
susceptible to racial bias when evaluating algorithmic risk 
assessments: for the same risk score, Black defendants were 
judged more harshly than White defendants (Green & Chen, 
2019). In carefully theorizing whether and under what con-
ditions biased algorithms can permissibly be deployed in 
clinical settings for the purpose of mitigating health dis-
parities, we hope to lay the grounds for an outward-look-
ing moral evaluation of ML algorithms, as opposed to an 
inward-looking, focussing merely on an algorithm`s statis-
tical properties – in which the collaboration of clinicians 
and ML algorithms is a cornerstone. A secondary aim is to 
develop a pronounced view of the difficulties in remedy-
ing health inequalities through technology, by highlighting 
the ethical caveats that alternative models of clinician-ML-
collaboration entail.

The paper is structured as follows: Sect. 2 introduces 
the ML algorithm, developed by Pierson et al., (2021), as a 
case study. Also discussed will be different sources of bias 
in measurement of pain for socially and racially disadvan-
taged groups. Section 3 gives a brief overview on metrics of 
algorithmic fairness, while emphasizing the need to move 
beyond the statistical properties of ML algorithms. Sec-
tion 4 develops a taxonomy of different types of clinician-
ML-collaboration. On this basis, Sect. 5 examines how in 
some of these types, the interplay of an algorithm overfit-
ting for socially and racially disadvantaged groups and a 
clinician might result into fair decisions. Finally, in Sect. 6, 
we address a potential critique of our approach, namely the 
charge of ‘solutionism’. This also enables us to discuss the 
complexities in using ML-based solution for overcoming 
health inequalities at a broader level.

2. Case Study: Mitigating Bias in Pain 
Diagnosis

At least since the publication of ProPublica`s assessment of 
the COMPAS algorithm (Angwin et al., 2016) – used by 
many states in the US to inform pre-trial decisions and the 
study on skin-type bias by Buolamwini and Gebru (2018), 
there have been growing concerns that the deployment of 
ML algorithms used to make/inform consequential deci-
sions reinforces structural inequalities. In turn, philoso-
phers, computer scientists, and researchers from cognate 
fields are increasingly paying attention to the mechanisms 
through which ML algorithms disadvantage certain social 
groups (Barocas et al., 2019; Fazelpour & Danks, 2021; 
Zimmermann & Lee-Stronach, 2021).

A more recent phenomenon, by contrast, is to use ML 
algorithms specifically for the purpose of detecting unfair 
treatment. Consider some examples: a study examining 
a ML algorithm used to optimize the allocation of health 
resources found that traditional metrics of prediction qual-
ity – such as health costs – may put Black patients at a 
disadvantage, (Obermeyer et al., 2019, p. 453). Likewise, 
in analysing human mobility patterns derived from cell 
phone data and integrated into an SEIR-model, researchers 
captured mechanisms for higher Covid-19 infection risks 
among disadvantaged social and racial groups (Chang et al., 
2021). The novelty in the study by Pierson et al., (2021) is 
that they developed a ML algorithm precisely for the pur-
pose of remedying health disparities (see also Rajkomar et 
al., 2018).2

Their emphasis lies on the undertreatment of pain for 
Black people, proving to be a persistent issue in healthcare 
for decades (Green et al., 2003; Anderson et al., 2009): 
Given the same signs and symptoms, Black people are likely 
to be given either no medication or weaker medication than 
White patients. The undertreatment of pain has severe qual-
ity-of-life and socioeconomic implications for them. Causes 
for undertreatment are typically attributed to a combination 
of socioeconomic factors (e.g., Black patients may have less 
access to treatment) and racial stereotypes among medical 
professionals. As an example, a study by Hoffmann et al. 
(2016) found that clinicians falsely assume Black people to 
be less sensitive to pain. This is due to incorrect beliefs with 
respect to Black people having a thicker skin, less sensitive 
nerve endings, and being more tolerable to heat.

A recent study by Pierson et al., (2021) provides another 
explanation for pain disparities, by identifying biases in 
standard pain metrics, such as the Kellgren-Lawrence grade 

2  Note, however, that the study does not consider the clinical appli-
cability of the algorithm. Rather, it might be deemed as a ‘proof of 
concept’ study, exploring the use of ML algorithms to mitigate health 
disparities. We thank an anonymous reviewer for raising this point.
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(KLG) – being used to classify radiographic osteoarthritis 
when judging the pain severity from X-ray images. Here, 
people of lower income or of education, or members of dis-
advantaged racial sub-populations experience higher pain as 
their more privileged counterparts in the US. Importantly, 
the disparities only decrease slightly after controlling for the 
severity of the disease by objective radiographic measures.

It is unclear what the sources of the relevant pain dispari-
ties are: they might either be rooted in factors internal to the 
knee or in psychological (higher stress) or social (e.g., phys-
ically more demanding jobs) factors. Pierson et al. assume 
that the pain disparities are rooted in knee-internal factors 
– without, however, providing a causal explanation for their 
hypothesis.

An underlying problem with KLG is that it was developed 
in the 1960`s within a White British population – leading a 
different lifestyle and arguably having different physiology 
than current US American populations. For this reason, the 
researchers assume that KLG is unable to account for some 
physical causes of pain in Black people or other socially dis-
advantaged groups (p. 136). To remedy disparities in pain 
diagnosis, the researchers trained a deep learning-based 
ML algorithm to predict pain severity from X-ray images 
of knees – with the aim of generating a more accurate pain 
metric. The training data was taken from a racially and 
socioeconomically diverse sample of patents in the United 
states (with 20% of the patients being Black, while also hav-
ing many lower-income patients). Importantly, the patients 
also reported a knee-specific pain score (KOOS)3, derived 
from a multi-item survey on pain experienced during vari-
ous activities, such as stretching the knee. Due to its holistic 
nature, KOOS is supposed to constitute the ‘ground truth’ – 
an external standard, measuring disparities in pain severity 
grading for KLG and the algorithm.

While KLG could only account for a small fraction in the 
pain disparities for disadvantaged social and racial groups, 
the algorithm fared much better in this respect. As there is 
a close link between diagnosed pain severity in KLG and 
the prescription of surgery, the algorithmic metric might 
increase the eligibility for surgery among Black patients – 
rather than being prescribed opioids.4 That being said, the 
researchers acknowledge some limitations of their study: 
the opacity of the (deep learning) algorithm makes it dif-
ficult to interpret which features in the knee are used as pre-
dictors and the algorithm might be biased – even though 
this time, the bias might affect traditionally privileged 

3  See also Roos & Lohmander (2003).
4  Note that there are also possible downsides to the increase in accu-
racy, in that it might cause overtreatment. We discuss this also in 
Sect. 6. We thank an anonymous referee for this comment.

populations, such as white men (p. 139).5 While it needs to 
be emphasized that the worry concerning algorithmic bias is 
speculative, we assume for the remainder of the paper, that 
the algorithm`s accuracy is indeed higher for Black patients 
than it is for white patients.6

Whilst it might be preferable to deploy algorithms in 
healthcare, generalising equally well for all groups of 
patients, the deployment of algorithms tailored towards 
certain sub-populations may have its benefits. Afterall, one 
might argue that this is precisely what the project of person-
alized medicine is about. However, it is also clear that such 
an approach entails various caveats. If various algorithms 
for different sub-populations are being used, clinicians will 
have to juggle with competing diagnostic standards. For 
them, this might represent an excessive demand, which in 
turn leads to misdiagnoses. Hence the need to be exceed-
ingly wary of how given ML algorithms are being used in 
clinical environments. Finally, since it is very unlikely that 
every algorithm will perform equally well for their given 
sub-population, there are serious considerations of fairness 
which need to be addressed. To underpin the relevant moral 
dialectic, we now turn to statistical fairness criteria in ML.

On Statistical Fairness Criteria in Machine 
Learning

Disputes over fairness in ML typically focus on opera-
tional definitions of fairness based on statistical features 
of algorithmic decisions.7 These statistical fairness criteria 
compare the predictive performance of the ML algorithm 
between a disadvantaged and advantaged social group. If 
for them, the predictive performance is equal, this is seen as 
evidence for the fairness of the algorithm. In that respect, it 
is important to emphasize that – despite carrying normative 
baggage – statistical fairness criteria are not to be conflated 
with a full-fledged normative theory of fairness in algorith-
mic decision-making.8 However, since our emphasis lies 
on fairness in relation to diagnostic accuracy for different 
groups, statistical fairness criteria capture the normative key 
concerns. In what follows, we will briefly discuss some of 
the basics of statistical fairness criteria, whilst arguing for 
the need to switch the locus of moral evaluation from the 

5  Note that ‘bias’ is a multi-faceted concept, with different senses 
and sources. For a detailed discussion of the mechanisms and moral 
evaluation of biases in ML, see Johnson 2020; Fazelpour & Danks, 
2021; authors, b.

6  Importantly, the researchers did not compare the algorithm`s pre-
dictive performance between white and Black patients.

7  For a comprehensive overview on statistical fairness criteria, see 
Barocas et al., 2019, ch. 2–3. See also Mitchell et al., (2021)

8  For a discussion on statistical fairness criteria and broader claims of 
justice, see Zimmermann & Lee-Stronach 2021).
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is more important to focus on false positive or false negative 
diagnoses in clinical environments Biddle, 2020.

Moreover, there are various caveats to consider when 
implementing statistical fairness criteria into (clinical) prac-
tice. For example, Alex Beutel et al. (2019) argue that while 
‘equal false positive rates’ provides philosophical guidance 
in that it emphasizes the importance of ensuring equality of 
opportunity, it is oftentimes unclear how the metric ought 
to be calculated. In turn, they suggest ‘conditional equal-
ity of opportunity’ as a novel fairness metric, better able 
to account for varying base rates across different groups. 
Finally, Rajkomar et al., (2018) provide an useful overview 
about how abstract egalitarian ideals can be technically 
implemented – with a view on equal patient outcomes, per-
formance, and resource allocation.

Algorithmic Fairness and Final Fair Decisions

Statistical fairness metrics at best capture part of what fair 
algorithmic decision-making amounts to in the context of 
healthcare, when the focus lies solely on the statistical prop-
erties of the algorithm. This is because in almost all cases 
machine learning systems used in healthcare are ‘decision 
support tools’. What this means is that the role of the system 
is to aid a healthcare professional in making a certain class 
of decisions. For example, diagnostic decisions or treatment 
recommendations. Accordingly, the Green and Chen (2019) 
and Hedden (2021) distinguish between ‘algorithmic deci-
sions’ and ‘final decisions’. Here, algorithmic decisions are 
the decisions made by an algorithm, e.g. a classification 
prediction or a regression score; and final decisions are the 
decisions made by the clinician that may be informed by the 
algorithmic decision, e.g. a diagnosis or treatment recom-
mendation. ‘Algorithmic decisions’ and ‘final decisions’ can 
be distinguished by their causal role. When the algorithm 
provides a human decision-maker with a probability score,

then this score is causally upstream to the final decision, 
whereas the final decision is causally relevant (either as the 
diagnostic outcome or by culminating in a given treatment 
choice).

Given such a view, the appropriate locus of evaluation 
for fairness judgements is final decisions. The patient has 
a fairness complaint only if and because, and to the extent 
that, the final decision is unfair. Here the sense in which a 
final decision may be unfair is what Hedden (2021) calls 
fairness in virtue of group membership. That is: The sort of 
fairness complaint that a patient may have with respect to 
final decisions is, for example, that diagnoses for a group 
characterised by a protected characteristic to which the 
patient belongs are less accurate or have a higher false nega-
tive rate than other groups due to bias arising at some point 
in the decision-making process. The bias could be located 

algorithm`s statistical properties to the final decision made 
by a clinician.

To look at some of the operationalisations of statisti-
cal fairness criteria, consider a simple binary classification 
problem (such as medical diagnosis) in which a model pre-
dicts whether patients are ‘positive’ or ‘negative’ for some 
condition. We use Black and white patients as representative 
groups:

Equal false positive rates The fraction of Black patients who 
are in fact negative but are predicted positive relative to the 
Black population is equal to the fraction of white patients 
who are in fact negative put are predicted positive relative 
to the white population.

Equal false negative rates The fraction of Black patients 
who are in fact positive but are predicted negative relative 
to the Black population is equal to the fraction of white 
patients who are in fact positive but are predicted negative 
relative to the white population.

Predictive parity The fraction of Black individuals who are 
predicted positive who are in fact positive relative to the 
Black population is equal to the fraction of white patients 
who are predicted positive and are in fact positive relative 
to the white population.

The statistical fairness metrics characterised here are prov-
ably inconsistent except under very specific conditions that 
are in practice unattainable (Kleinberg et al., 2016; Choul-
dechova, 2017; Miconi, 2017).

To illustrate: Suppose that for Black and white patients 
the prevalence of the condition differs between their respec-
tive racial groups. In particular, suppose that the base rate 
for the condition is higher in the white population than in 
the Black population. What this means is that the fraction 
of white patients who in fact have the condition relative to 
the white population is greater than the fraction of Black 
patients who in fact have the condition relative to the Black 
population. Then suppose that the model satisfies predic-
tive parity for Black and white patients. The problem is that 
under these conditions, either the algorithm’s predictions 
are perfect or the false positive and false negative rates dif-
fer for Black and white patients. This is a straightforward 
consequence of the differing base rates across both popula-
tions. Because equal base rates rarely obtain and because 
perfectly accurate classifiers are unattainable, the compet-
ing statistical definitions of what fairness consists in cannot 
jointly be satisfied in practice. Consequently, when select-
ing an appropriate statistical fairness metric, ML developers 
will need to balance different trade-offs – such as whether it 
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Collaboration Between Clinicians and ML 
Models

In this section and the next, we articulate and defend an 
account of the conditions under which ML algorithms in 
healthcare may permissibly overfit for socially and racially 
disadvantaged groups. The aim of this section is, first, to 
make precise three models of collaboration between clini-
cians and ML algorithms, i.e. accounts of how and in what 
respects clinician judgement and ML regression and classifi-
cation predictions can together produce a final decision such 
as a diagnosis or treatment recommendation. Second, once 
the plausible models of collaboration are clear, we develop 
a normative ideal for clinician-algorithm collaboration. 
According to what we call the ‘division of labour standard’, 
the normative ideal for collaboration between clinicians and 
algorithms is that the distribution of clinical tasks to clini-
cians and algorithms is efficient. What this means is that 
the allocation of clinical tasks in question is not worse than 
any other relative to the health outcomes produced, where 
health outcomes are evaluated holistically so as to include 
aggregate patient welfare, alongside patient satisfaction and 
fairness across groups.

The Peer Model

The simplest model of clinician-algorithm collaboration is 
what we can call the ‘peer model’. According to the peer 
model, ML algorithms and clinicians offer competing pre-
dictions about, for example, the correct diagnosis or the 
best treatment recommendation. The salient feature of this 
account is that clinicians and algorithms address the same 
clinical task, and their solutions to that task then need to be 
balanced.

In practice, the peer model may be instantiated in one of 
two respects. On the one hand, it may be that the clinician 
and ML algorithm each offer, say, a diagnosis, taking into 
account relevant clinical evidence about the patient’s condi-
tion; and then the two diagnostic predictions are aggregated 
to produce an overall diagnosis. How exactly this aggrega-
tion procedure works is an open question. But one plausible 
suggestion is that the clinician’s subjective probability dis-
tribution over candidate diagnostic hypotheses is summed 
with the algorithm’s probability distribution, and then nor-
malised to produce an aggregate distribution. Then, on this 
view, the aggregate distribution is used to inform clinical 
decisions about which diagnostic hypotheses are pursued 
and in what order when determining a final diagnosis.

On the other hand, it may be that the ML algorithm func-
tions as a second medical opinion. Here the idea is that the 
clinician gives, say, a treatment recommendation, and the 
algorithm also provides a treatment recommendation. Then 

in the algorithmic decision, but it could also consist in the 
healthcare professional’s failure to identify and correct for 
algorithmic bias.

However, what is important to understand is ‘fair algo-
rithmic decision-making’ relative to certain statistical fair-
ness criteria does not imply fair final decision-making, 
where fair final decision-making is straightforwardly the 
relevant sense of fairness insofar as unfair final decisions 
are what ultimately impact patient wellbeing. It might be 
the case that independent biases exist in the human part of 
the decision-making process, such that the satisfaction of 
relevant statistical criteria for fairness does not guarantee 
a fair final decision. For example, a study by Green and 
Chen (2019) investigated how the use of predictive models 
affects actual decision-making processes within the context 
of criminal justice. By way of an experiment on Mechanical 
Turk, the study found that if provided with a risk assessment, 
human decision-makers often deviate from algorithmic risk 
assessments. Especially for Black defendants, the use of 
algorithmic risk assessments led to higher risk scores, while 
for white defendants, the involvement of human decision-
makers led to a decrease in the risk score. Green and Chen 
refer to this as disparate interaction. We are not aware of 
a likeminded study within the context of healthcare. How-
ever, it is certainly not implausible to assume that ‘disparate 
interaction’ can also affect clinical decisions, such as the 
grading of knee pain. Furthermore, a study from Tschandl 
et al., (2020) develops a nuanced picture in how particularly 
novice clinicians tend to be over-reliant on algorithmic sup-
port, whereas expert clinicians are more likely to stick to 
their own diagnoses.

Moreover, ‘unfair algorithmic decision-making’ rela-
tive to certain statistical criteria does not imply unfair final 
decision-making. Biases exhibited by algorithms can be 
identified and corrected for in the human part of the deci-
sion-making process. Of course, this is easier said than 
done, in light of the opacity of many ML algorithms (cf. 
Creel, 2020), as well as the intrinsic uncertainty and time 
constraints involved in clinical decision-making.

Accordingly, while statistical fairness criteria make 
biases in ML algorithms quantifiable and tangible as part 
of the model evaluation process (Hardt & Recht, 2021: 38), 
and whilst it might be warranted to assume some association 
between statistical criteria for ‘fair algorithmic decision-
making’ and fair ‘final decisions’ in that the involvement 
of biased algorithmic decisions will oftentimes result into 
unfair final decisions, the link is not a causal one. Finally, 
even when emphasizing final decisions, statistical fairness 
criteria remain meaningful for measuring fairness.
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algorithms in clinical environments, it is not the only way 
in which the relevant collaboration can manifest. Indeed, 
a growing strand of research explores how ML algorithms 
and clinicians can complement each other (Raghu et al., 
2019).9 This section considers what we can call the ‘triage 
model’. The idea is that an algorithm’s prediction may be 
causally upstream of the clinician’s judgement such that the 
clinician’s judgement is enhanced in virtue of the clinician’s 
knowledge of the prediction.

Consider an example from ophthalmology. First, some 
applications of ML in medicine are intended to mitigate the 
impact of shortages of specialised clinicians in the devel-
oping world. For example, Google Health developed a ML 
algorithm for detecting early onset diabetic retinopathy 
based on retina scans (Gulshan et al., 2016; see also Poplin 
et al., 2018). The upshot of this collaborative model is that 
clinical tasks typically reserved for expert clinicians can 
be delegated to ML algorithms in circumstances where the 
prevalence of a disease exceeds the capacity of clinicians to 
detect the disease given specialist clinician shortages. Once 
early onset of the relevant condition – be it diabetic retinop-
athy or something else, has been detected by the algorithm, 
the patient can then be referred to a specialist. Accordingly, 
the role of the ML algorithm is to predict whether to defer a 
diagnostic task to an expert clinician.

The benefit of this model of clinician-algorithm collabo-
ration is that the algorithm alleviates the burden on clini-
cians given that expert clinicians in the relevant domain 
are scarce. The upshot is that patients who require clinical 
judgement may be referred to the appropriate expert cli-
nicians in advance of their condition deteriorating and at 
relatively low cost to healthcare providers. Here the cost is 
low because no human clinicians are required to perform 
the initial pre-diagnostic risk assessment. However, a poten-
tial downside of such algorithmic pre-screenings is that the 
might drive confirmation bias in clinicians, making an inde-
pendent assessment of patients challenging. Another down-
side regards positive cases, not spotted by the algorithm 
(false negative) are not referred to specialists. Thus, even if 
the algorithm has a high predictive performance in general, 
a fraction of cases will be penalized.

The Auditing Model

The ‘triage model’ is such that the algorithm’s role is to 
make a judgement upstream of the clinician’s judgement. 
The ‘auditing model’, in contrast, is such that the algorithm’s 
judgement is downstream of the clinician’s judgement. 

9  Indeed, empirical research on decision support systems in clinical 
practice has found that low user acceptance among clinicians is in 
large part explained by poor integration as opposed to poor algorith-
mic performance (Jacobs et al., 2021; see also Khairat et al., 2018).

the clinician may take into account the algorithmic treat-
ment recommendation in much the same way that they 
would treat a second medical opinion. That is, if the ML 
algorithm agrees with the clinician about the optimal treat-
ment plan, then the clinician may proceed with confidence 
with that recommended treatment. But if the two disagree, 
then the clinician must engage in a justificatory process to 
determine the considerations in favour of and against both 
treatment recommendations, and ultimately recommend to 
the patient the treatment for which the clinical case is stron-
gest (Kempt & Nagel, 2021). The use of ML algorithms as a 
second opinion has been explored in a study by McKinney 
et al., (2020), showing that the involvement of the algorithm 
improves the overall accuracy, while decreasing the clini-
cians’ workload in mammography screenings.

The peer model, if true, provides a plausible rationale 
for a method of model validation that has featured in sev-
eral prominent papers about ML in healthcare. In particular, 
studies that use an antagonistic framing of algorithms com-
peting versus clinical experts, with the former being at least 
as good or strictly better than the latter, presume that the 
role of ML algorithms is akin to that of a peer (Gulshan et 
al., 2016; Esteva et al., 2017; De Fauw et al., 2018; see also 
Bjerring and Busch,  2021 ; Grote & Berens 2020; Grote & 
Berens, 2021). While studies indicate, that the combination 
of a clinician and a ML algorithm bring about more accu-
rate diagnoses as opposed to the clinician deciding in isola-
tion (McKinney et al., 2020; Tschandl et al., 2020), the peer 
model is to some degree unattractive as it has been shown 
that clinicians are prone to over-rely on algorithmic advice, 
thus being led astray when the algorithm decides incorrectly 
(Tschandl et al., 2020; Gaube et al., 2021). Furthermore, 
despite providing epistemic benefits, the peer model gives 
rise to concerns that have to do with informed consent and 
patient-centred care (cf. Keeling & Nyrup (forthcoming)). 
In particular, McDougall (2019: 157) argues that treatment 
recommender systems render the clinical decision-mak-
ing process such that “individual patient’s values do not 
drive the ranking of treatment options.” The worry is that 
algorithms that recommend treatments will in some sense 
replace the clinician’s advisory role, and do so in such a 
way that traditional ethical norms such as informed consent 
and patient-centred care are difficult or impossible to satisfy. 
What is concerning is that ML algorithms used in healthcare 
somehow threaten clinicians as epistemic authorities in clin-
ical decisions, and that despite possible gains in accuracy, 
other critical functions of clinicians will be overlooked.

The Triage Model

While the ‘peer model’ exemplifies the threats to the epis-
temic authority of clinicians through implementing ML 
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occupational task such as heavy lifting (see also Baghdadi 
et al., 2021; Hernandez et al., 2020). The algorithm relied on 
sensor readings taken from a non-invasive ankle bracelet, 
and displayed 90% accuracy on the validation set. Because 
clinical medicine involves routine physical demands, such 
as moving patients and rapid response to emergencies, the 
onset of fatigue could reduce clinical performance across 
a range of physical and cognitive tasks. Hence, the use of 
ML systems for fatigue monitoring and detection offers a 
plausible means to reduce morbidity and mortality arising 
from clinical errors that result from clinician fatigue. For 
example, the algorithm could alert clinicians to seek a sec-
ond opinion on clinical judgements made when fatigued. A 
caveat, however, is that there is a fine line between a audit-
ing system providing decision-support and paternalistic 
interference – thereby threatening the clinician`s epistemic 
authority.

Division of Labour

We have examined three models of the collaborative rela-
tionship between clinicians and ML algorithms: the ‘peer 
model’, the ‘triage model’, and the ‘auditing model’. To 
determine the conditions under which each model of clini-
cian-algorithm collaboration is appropriate, it is necessary 
to offer a normative standard against which clinician-algo-
rithm collaboration can be evaluated. Here we propose the 
‘division of labour model’. What motivates the division of 
labour is the observation that there is an opportunity cost 
to clinicians performing any particular clinical task. For 
example, the fact that a clinician spends some amount of 
time assessing whether or not a patient in the emergency 
room is likely to require specialist observation and treat-
ment due to sepsis implies that the clinician does not spend 
that same amount of time performing other clinical tasks. 
Thus, using an algorithm to detect sepsis frees-up the time 
that the clinician would otherwise spend conducting a quick 
sepsis-related organ-failure assessment (qSOFA) (Kim et 
al., 2020: 163; Moor et al., 2021).

Because certain tasks can only be performed by clini-
cians, such as ensuring that the patient has sufficient under-
standing of their situation to provide informed consent to 
an intervention, the rationale behind the division of labour 
model is that clinician time is best allocated to tasks that can 
only be performed by clinicians, or are best performed by 
clinicians. What matters, on the view being defended, is that 
clinical labour is divided between clinicians and algorithms 
so as to ensure that clinician time is used optimally with 
respect to health outcomes and patient satisfaction. Accord-
ingly, the division of labour model emphasises optimal 
collaboration and not competition between clinicians and 
algorithms. Intriguingly, facilitating optimal collaboration 

Roughly, the role of ML systems on this model is to act 
in a supervisory or regulatory capacity. The auditing model 
could be instantiated in at least two different respects. First, 
the ML model could supervise the clinician’s performance at 
a particular task such as diagnosis or treatment recommen-
dation. One straightforward example of this setup is where 
the role of the clinician is to reach a diagnosis based on their 
assessment of the patient’s case. The clinician’s diagnosis 
is then checked against a differential diagnosis provided by 
the ML algorithm, i.e. a list of plausible diagnostic hypoth-
eses given the available evidence, and then a red flag is 
raised only if the clinician’s diagnosis is not included in the 
algorithm’s differential diagnosis. The effect, then, is run 
a plausibility check on the clinician’s judgement to ensure 
that the diagnosis offered is at least plausible. This supervi-
sory setup may be most beneficial for medical students and 
junior clinicians, and may alleviate the supervisory burden 
on senior clinicians to ensure quality standards in diagno-
sis for more junior clinicians. Indeed, ML auditing systems 
could be employed to flag situations in which a second opin-
ion from a senior colleague is advisable. The auditing model 
of clinician-algorithm collaboration is likely to be widely 
applicable in healthcare settings given the prevalence of on-
the-job training for novice clinicians.

Second, the ML algorithm could supervise the clinician’s 
performance across several tasks in an appropriate com-
parison class. For example, a cardiologist’s performance 
at recognising different kinds of cardiac conditions based 
on electrocardiogram (ECG) data. Here the algorithm’s 
role is that of an auditor. In particular, the algorithm may 
be utilised for the detection of biases across different sub-
populations of patients. What is suggested being here is that 
the clinician may exhibit differential success in predicting 
the presence or absence of different cardiac conditions in 
light of certain features of patients. For example, patients 
who are regular users of stimulants such as cocaine may 
exhibit irregular cardiac behaviour such that the detection 
of cardiac conditions is more difficult in these patients than 
in non-cocaine-using patients. Informing a cardiologist that 
they systematically underperform on diagnostic tasks for 
patients who are regular cocaine users is a useful piece of 
information for the clinician, at least insofar as it provides 
a plausible locus of concentration for improving the clini-
cian’s diagnostic ability. Hence use of ML algorithms to 
identify which sub-populations of patients are such that the 
clinician systematically underperforms on those sub-popu-
lations could greatly improve health outcomes.

 Finally, the ML algorithm could be used to detect mark-
ers of sub-optimal performance in clinicians, for example, 
fatigue. To illustrate: Baghdadi et al., (2018) developed a 
proof-of-principle ML algorithm to predict whether or not 
individuals are fatigued following a demanding manual 
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and in doing so, make the case for the permissibility of affir-
mative algorithms in certain circumstances.

From Biased Algorithms to Fair Final 
Decisions

In order to showcase how decisions from a biased algorithm 
can culminate into fair final decisions, we need to make 
some background assumptions. First, we consider a clini-
cal setting in which the algorithm developed by Pierson et 
al. (2021) is used to support a clinician in the diagnosis of 
pain. Second, we focus on a binary classification task, in 
which the accuracy of final decisions for Black and white 
patients is being measured. Moreover, the clinician and the 
ML algorithm are roughly equal in terms of diagnostic accu-
racy. As a fairness metric, any classification parity notion 
will do.

Here, the clinician`s accuracy for Black patients is 0.7 
and 0.9 for white patients, whereas for the algorithm it is 
the other way around. We acknowledge that this highly 
idealized framing comes at some costs – especially since 
it is unable to capture issues of fairness in intersectional 
categories. However, this problem is hardly unique to our 
approach and haunts the general debate on statistical fair-
ness criteria in ML. Finally, we assume that the clinician 
and the algorithm use the same evidence for their diagnosis 
(X-ray images). Again, this might be deemed as problem-
atic insofar self-reports (“how bad does it hurt?”) and other 
diagnostic modalities are being ignored.

With that in mind, consider how the interplay of the 
clinician and the ML algorithm can bring about fair final 
decisions. Let us start with the ‘peer model’. Here, the logic 
is simple. If the clinician is inclined to defer (most) deci-
sions to the algorithm in virtue of peer pressure, the final 
decisions will in all likelihood be more accurate for Black 
patients than for white patients. Thus, when measured in 
the prevalent statistical fairness criteria, the final decisions 
will be unfair. The situation improves if the clinician and 
the algorithm aggregate their judgments – which in this case 
might involve taking the mean value of their individual pain 
severity scores. Since the clinician and the algorithm aggre-
gate their pain severity scores, the outcome of the final deci-
sions will be fair across different sub-populations (with an 
overall accuracy of 0.8). However, despite being fair, the 
overall accuracy tends to be lower than other approaches to 
be discussed in this section.

Let us move on to the ‘division of labour model’. We 
might start by considering a crude variant of this model, 
in which the algorithm is used to diagnose Black patients, 
whereas the clinician is supposed to diagnose pain for white 
patients. Since for both groups of patients, the diagnostic 

might involve that the respective strengths of clinicians and 
algorithms in some task lie in different areas (Wilder et al., 
2020; Bansal et al., 2021).10

Along these lines, Keeling and Nyrup (forthcoming)  
have characterised the relation between ML algorithms and 
clinicians as one of ‘cognitive offloading’. The idea is that 
the clinician can offload certain cognitive tasks onto the 
algorithm in order to focus on other tasks. Provided clini-
cians and ML algorithms are assigned tasks efficiently, i.e. 
there is no alternative task allocation that will result in better 
health outcomes, then such cognitive offloading is desirable. 
Here we propose to evaluate health outcomes holistically. 
What this means is that the evaluation of health outcomes is 
not reducible to a simple metric such as maximising quality-
adjusted life-years (QALYs) per dollar spent, but rather the 
evaluation includes broader considerations such as patient 
trust and satisfaction, and also the fairness of health out-
comes across protected groups. The proposal, then, is to 
distribute tasks between clinicians and algorithms in a way 
that is best suited to promoting a range of goods includ-
ing patient health, patient satisfaction, and fairness. To be 
sure, this normative standard is compatible with use of the 
‘peer model’, ‘triage model’ and the ‘auditing model’, pro-
vided each model of clinician-algorithm collaboration is 
deployed in the right circumstances, i.e. the setup reflects 
the best division of tasks between clinicians and algorithms 
relative to promoting good health outcomes broadly con-
strued. As will be discussed in the next section, successfully 
implementing division of labour solutions entails various 
morally-relevant caveats.

To summarise: The upshot of this section is that there are 
at least three plausible models for clinician-algorithm collab-
oration, and a plausible normative ideal to aim at in deciding 
on how to allocate tasks between clinicians and algorithms 
is the division of labour standard. According to this stan-
dard, what matters is that clinical tasks are allocated effi-
ciently between clinicians and algorithms, so as to minimise 
the opportunity cost on clinicians performing any particular 
task. Because the division of labour standard operates with 
a holistic conception of the evaluation of health outcomes, 
taking into account patient welfare alongside patient satis-
faction and fairness, the division of labour model offers a 
plausible normative backdrop against which to consider the 
conditions under which an algorithm may permissibly over-
fit for socially disadvantaged groups in order to ensure fair 
final decisions. In the next section, we characterise the sorts 
of unfairness that can be tolerated in ML decisions under 
different models of algorithm-clinician for collaboration, 

10  Importantly, research on ‘division of labour’ is currently still con-
cerned with algorithmic developments and has not been clinically 
validated.
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ensure that the instructions made by the algorithm do indeed 
translate into more accurate pain scores for Black patients, 
additional safeguards need to be implemented. In particu-
lar, clinicians might be required to diagnose a fraction of 
Black patients themselves (even if they are less confident 
than the algorithm), while receiving further supervision – be 
it from a fellow colleague or another algorithm. Moreover, 
to ensure that the interplay of ML algorithms and clinicians 
indeed is beneficial to patients, it necessary to also control 
for patient outcome measures – e.g., QUALYs .

The Threat of Solutionism

We have defended the permissible use of biased ML algo-
rithms provided the models further the aim of health equity. 
However, our analysis has been confined to a narrow clini-
cal setting. Since health injustices typically result from a 
concatenation of social, economic, and psychological fac-
tors, it might be objected that our proposed solution fails 
to register the moral complexity of what is at issue. Indeed, 
there is a risk of running into a ‘solutionist’ trap in trying 
to fix social problems through technological interventions 
– which might even backfire and exacerbate health injus-
tices (cf. Morozov, 2013 for the concept of ‘solutionism’). 
This concern merits serious consideration since existing 
attempts to rectify injustices via ML algorithms do not have 
an impressive track record (Noble, 2018). At the same time, 
it would be remiss to ignore the opportunities that ML algo-
rithms provide to remedy health disparities, given that rel-
evant issues have haunted healthcare for decades. Against 
this backdrop, we set out to lay the grounds for an audit-
ing of ML algorithms in healthcare, considering fairness 
as a system-level property (Holstein et al., 2019). For this 
purpose, we identify a set of necessary conditions for the 
permissible deployment of affirmative algorithms in health-
care, acting as safeguards against the improper use of ML 
algorithms for solving complex social problems. The algo-
rithm developed by Pierson et al., (2021) will again be used 
as an example to underscore our claims. We take it that our 
approach shares the spirit of other holistic evaluation guide-
lines for ML algorithms within the context of healthcare 
(see Zicari et al., 2021).

Purposiveness: A first issue is whether a given algorith-
mic intervention is an adequate means for a given purpose. 
This makes it necessary to specify its intended function: the 
rationale for its use and how it is supposed to be used by cli-
nicians. Regarding the algorithm from Pierson et al., matters 
arise due to the absence of a causal hypothesis explaining 
why pain differences in KLG between Black and white peo-
ple can be attributed to knee-internal factors. If pain differ-
ences turn out to be caused by factors external to the knee, 

accuracy would roughly be 0.9, the relevant division of 
labour results into final fair decisions. That said, despite 
enabling fairness, the crude division of labour model has 
some unbearable ethical implications. For a start, delegat-
ing diagnostic tasks of underserved groups to an algorithm, 
whereas their more privileged counterparts are assigned to a 
human clinician might be deemed as degrading – as it des-
tined to be detrimental to the clinician-patient-relationship. 
Another potential pitfall in this solution is that it might pre-
serve biases in the clinician, as there is no incentive for her 
to critically reflect on her implicit biases and prejudices, 
as well identifying appropriate means to overcome them.11 
Consequently, while the crude division of labour model 
might improve the fairness of diagnostic decisions, it might 
perpetuate or even reinforce health inequities across other 
dimensions.

Now, take a less crude version of the ‘division of labour’ 
model, in which the clinician and the algorithm initially 
evaluate the pain severity in the X-ray image indepen-
dently, while also estimating their confidence in their judg-
ment. In cases, in which the confidence of the clinician falls 
below a pre-defined threshold and in which the algorithm 
has high confidence, the clinician defers to the algorithm.12 
Assuming that their confidence scores are well-calibrated, 
the clinician will in all likelihood be more confident when 
inspecting X-rays from white patients, whereas the algo-
rithm will be more confident with Black patients. Similar to 
the crude ‘division of labour model’, the accuracy for Black 
and white patients will be 0.9. Moreover, given that there is 
more involvement from the clinician, the solution proposed 
might be less detrimental to the clinician-patient-relation-
ship. However, the revised version of the division of labour 
model also has some downsides, in that it is cognitively 
costly (the clinician and the algorithm both have to make 
individual diagnoses) and the problem of bias preservation 
in clinicians is left unaddressed.

A way to accommodate bias preservation might be by 
assigning a hybrid role to the algorithm, in which it acts 
both as a peer and an instructor. In this vein, Pierson et al. 
recommend supplementing their algorithm with a heatmap 
(2021: 139).13 In highlighting regions of interest in the 
algorithm`s diagnosis, a clinician might learn which areas 
to direct her attention to. Thus, the explanations provided 
by the heatmap have a primarily pedagogical function. Plau-
sibly, after a period of interacting with the algorithm, the 
clinician might adapt her diagnostic standards, when exam-
ining patients from a given sub-population. However, to 

11  See Holroyd 2012, 2017 for a useful overview on ethical issues 
regarding implicit biases and prejudices.
12  For a discussion of uncertainty quantification in ML algorithms, 
see Kompa et al., 2021.
13 .
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viewpoints is also necessary to facilitate co-determination 
rights for vulnerable social groups within the healthcare 
system.

Robust evidence The arguably most critical issue before 
implementing an algorithmic intervention for the purpose 
of mitigating health disparities relates to whether there is 
any good evidence that it works. The evaluation of ML algo-
rithms is typically confined to their statistical properties. 
However, this is uninformative with regard to its perfor-
mance within a socio-technological system, such as clinical 
environments. Much to our surprise, there is no mentioning 
in the proposal for the regulation of AI/ML systems by the 
European Commission (2021) of how externally valid evi-
dence should be established that a safety-critical algorith-
mic intervention is indeed reliable/beneficial. In contrast, 
we think that it is indispensable to raise such methodologi-
cal issues. Most importantly, it needs to be identified when 
and how field trials – let alone randomized controlled tri-
als (RCTs) – should be conducted for algorithmic interven-
tions.14 That said, as RCTs may have their shortcomings 
when applied to ML algorithms, we suggest combining 
them with ethnographic or other types of qualitative studies 
(cf. Genin & Grote, 2021).

While the set of criteria is far from being exhaustive, we 
hope that it underlines the importance of a holistic approach 
in the evaluation of algorithmic interventions aimed at miti-
gating social problems.

Conclusion

In this paper, we defended the permissible deployment of 
affirmative ML algorithms in clinical medicine that over-
fit for minority and socioeconomically disadvantaged 
sub-populations, and thus perform better on the relevant 
sub-populations than for traditionally advantaged sub-
populations. In particular, we argued that such algorithms 
can permissibly be deployed provided they serve the aim of 
health equity. Affirmative algorithms can serve the aim of 
health equity, we argued, on certain models of collaboration 
between clinicians and ML algorithms. Because the fairness 
of final decisions, which result from collaboration between 
clinicians and algorithms, is the appropriate locus of moral 
concern, unfair algorithmic decisions can under the right 
conditions be tolerated. Namely, if, and only if, the resultant 
final decisions are fair. Finally, we registered, and attempted 
to mitigate, the concern that our proposal is an instance of 
‘solutionism,’ i.e. the practice of attempting to use quick-fix 

14  See Deaton & Cartwright 2018; Cartwright & Hardie, 2012 for a 
pronounced treatment of methodological issues in RCTs.

such as stress or physically more demanding jobs, then the 
increase in surgeries will do more harm as the symptoms are 
likely to re-occur. Similarly, instead of an algorithm, a sim-
pler solution might be to develop a diagnostic standard, gen-
eralizing better across different sub-populations. In sum, to 
determine whether an algorithmic intervention is adequate 
for its intended purpose, we need a functional specification 
in addition to evidential support for is efficacy.

Functional Stability Many algorithmic interventions 
undergo function shifts over time (cf. Koops, 2021). For 
instance, while an algorithm might initially be used to 
improve the performance of teachers, the very same algo-
rithm could later be used for the surveillance of teachers (cf. 
O`Neil, 2016, pp. 4–5). Likewise, an algorithm designed to 
remedy health injustices might reinforce health disparities 
once there is a change in its function. Applied to our running 
example, a clinic might feel inclined to move from a less 
crude, towards a crude variant of ‘division of labour’ for 
economic reasons. The problem with such function shifts is 
that they typically happen gradually and subtly. Hence, the 
detection of function shifts is difficult, and the only plausi-
ble safeguards are to be transparent about the intended func-
tion of an algorithm and having regular auditing.

Holistic evaluation Successfully overcoming health-dispar-
ities across different sub-populations requires a concentrated 
effort. While an algorithmic intervention might improve the 
outcome regarding one metric, it may fare worse in respect 
to others. In the case study on the algorithm developed by 
Pierson et al., one such trade-off might relate to an increase 
in diagnostic accuracy for socially disadvantaged groups, 
at the expense of the clinician-patient relationship. Conse-
quently, any algorithmic intervention aimed at mitigating 
health disparities should be wary of relying on reduction-
ist evaluation criteria. Similarly, algorithmic interventions 
might backfire if other means to remedy health-disparities 
are cut in return – e.g., interventions aimed at reducing 
(implicit) stereotypes among medical professionals (see 
Owens & Walker 2020 for an overview on anti-racist prac-
tices in medical research and practice).

Anticipation and participation Since any algorithmic 
intervention may have wide-ranging consequences that go 
beyond its intended effects, it is crucial to anticipate poten-
tial risks. Here, a representation from diverse perspectives is 
particularly important – especially from those who might be 
affected the most from the planned algorithmic intervention. 
A possible framework to bring together the points of view 
of different stakeholders might be ‘value-sensitive design’ 
(Friedman and Hendry, 2019). An inclusion of diverse 
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use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.
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algorithmic interventions that fail to account for the socio-
economic complexity of the injustices at issue. We offered 
a series of necessary conditions on the permissible use of 
affirmative algorithms in order to combat or at least mitigate 
the threat of solutionism.

We shall conclude with three main takeaways. First, the 
mechanisms through which ML can exacerbate and amplify 
existing social injustices are at this point widely understood. 
What is less explored is how and in what respects ML can 
address and mitigate existing injustices. Healthcare is one 
domain in which careful reflection on structural injustices, 
in addition to the imaginative development and application 
of novel ML technologies, could in principle resolve, or at 
least mitigate, certain injustices against minorities. Second, 
at least in the domain of healthcare, ML technologies are 
principally deployed as decision support systems. Hence 
overemphasis on the evaluative properties of algorithmic 
decisions, as opposed to the evaluative properties of the col-
laborative process that facilitates joint clinician-ML deci-
sion-making, is likely to hinder efforts to rectify injustices. 
What matters, instead, is that the processes by which ML 
algorithms and clinicians jointly contribute to final deci-
sions are sufficiently well understood to determine exactly 
how algorithms can be designed and deployed in a way that 
promotes equity in health outcomes. Third, the complexity 
of the nature and causes of social injustices in healthcare 
should not be underestimated. There are no ‘quick fix’ algo-
rithmic solutions. However, with a participatory approach to 
developing affirmative ML systems that takes as central the 
views and interests of minority groups, there are plausible 
grounds for supposing that ML technologies can be levied 
to combat and mitigate social injustices in healthcare, pro-
vided appropriate safeguards are put in place.

Funding TG is supported by the Deutsche Forschungsgemeinschaft 
(BE5601/4-1; Cluster of Excellence “Machine Learning: New Per-
spectives for Science”, EXC 2064, project number 390727645). TG 
also acknowledges support by the Carl Zeiss Stiftung, project “Certifi-
cation and Foundations of Safe Machine Learning Systems in Health-
care”. Open Access funding enabled and organized by Projekt DEAL.

Legal Documents European Commission: Proposal for a REGULA-
TION OF THE EUROPEAN PARLIAMENT AND OF THE COUN-
CIL LAYING DOWN HARMONISED RULES ON ARTIFICIAL 
INTELLIGENCE (ARTIFICIAL INTELLIGENCE ACT) AND 
AMENDING CERTAIN UNION LEGISLATIVE ACTS.

Open Access This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 

1 3

Page 11 of 13 39

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1001/jamadermatol.2018.2348
http://dx.doi.org/10.1016/j.jpain.2009.10.002
http://dx.doi.org/10.1016/j.jpain.2009.10.002
https://propublica.org/article/machine-bias-risk-assessments-in-criminal-sentencing
https://propublica.org/article/machine-bias-risk-assessments-in-criminal-sentencing
http://dx.doi.org/10.1038/s41598-021-94487-9
http://dx.doi.org/10.1080/00140139.2018.1442936
http://dx.doi.org/10.1080/00140139.2018.1442936
https://fairmlbook.org/
https://fairmlbook.org/
http://dx.doi.org/10.1145/3306618.3314234
http://dx.doi.org/10.1017/can.2020.27
http://dx.doi.org/10.1007/s13347-019-00391-6
http://dx.doi.org/10.1038/s41586-020-2923-3
http://dx.doi.org/10.1089/big.2016.0047
http://dx.doi.org/10.1086/709729
http://dx.doi.org/10.1086/709729


T. Grote, G. Keeling

Holroyd, J., Scaife, R., & Stafford, T. (2017). Responsibility for 
implicit bias. Philosophy Compass, 12(3), e12410. DOI: https://
doi.org/10.1111/phc3.12410

Holstein, K., Wortman Vaughan, J., Daumé, H. III, Dudik, M., & Wal-
lach, H. (2019, May). Improving fairness in machine learning 
systems: What do industry practitioners need?. In Proceedings of 
the 2019 CHI conference on human factors in computing systems 
(pp. 1–16)

Jacobs, M., Pradier, M. F., McCoy, T. H., Perlis, R. H., Doshi-Velez, 
F., & Gajos, K. Z. (2021). How machine-learning recommenda-
tions influence clinician treatment selections: the example of anti-
depressant selection. Translational Psychiatry, 11(1), 108. DOI: 
https://doi.org/10.1038/s41398-021-01224-x

Johnson, G. M. (2020). : Algorithmic bias: on the implicit biases of 
social technology. In Synthese. DOI: https://doi.org/10.1007/
s11229-020-02696-y

Keeling, G., & Nyrup, R. (forthcoming). Explainable Machine Learn-
ing, Patient Autonomy and Clincial Reasoning. Véliz. C. (Ed.) 
Oxford Handbook of Digital Ethics. Oxford: Oxford University 
Press.

Kempt, H., & Nagel, S. K. (2021). Responsibility, second opinions 
and peer-disagreement: ethical and epistemological challenges of 
using AI in clinical diagnostic contexts.Journal of Medical Ethics

Khairat, S., Marc, D., Crosby, D., & Al Sanousi, A. (2018). : Reasons 
For Physicians Not Adopting Clinical Decision Support Systems: 
Critical Analysis. In JMIR Med Inform 2018;6(2):e24 6 (2). 
Available online at https://doi.org/10.2196/medinform.8912

Kim, J., HyungLan, C., Kim, D., Jang, D. H., Park, I., & Kim, K. 
(2020). Machine learning for prediction of septic shock at ini-
tial triage in emergency department. Journal of Critical Care, 55, 
163–170. DOI: https://doi.org/10.1016/j.jcrc.2019.09.024

Kleinberg, J., Mullainathan, S., & Raghavan, M. (2016). : Inherent 
Trade-Offs in the Fair Determination of Risk Scores. In arXiv pre-
print arXiv:1609.05807

Kompa, B., Snoek, J., & Beam, A. L. (2021). Second opinion 
needed: communicating uncertainty in medical machine learn-
ing. npj Digital Medicine, 4(1), 4. DOI: https://doi.org/10.1038/
s41746-020-00367-3

Koops, B. J. (2021). The concept of function creep. Law Innovation 
and Technology, 13(1), 29–56. DOI: https://doi.org/10.1080/175
79961.2021.1898299

McDougall, R. J. (2019). Computer knows best? The need for value-
flexibility in medical AI. Journal of Medical Ethics, 45(3), 156–
160. DOI: https://doi.org/10.1136/medethics-2018-105118

McKinney, S. M., Sieniek, M., Godbole, V., Godwin, J., Antropova, 
N., Ashrafian, H. … Shetty, S. (2020). International evaluation 
of an AI system for breast cancer screening. Nature, 577(7788), 
89–94

Miconi, T. (2017). : The impossibility of “fairness”: a general-
ized impossibility result for decisions. In arXiv preprint 
arXiv:1707.01195 [stat.AP]

Mitchell, S., Potash, E., Barocas, S., D’Amour, A., & Lum, K. (2021). 
Algorithmic fairness: Choices, assumptions, and definitions. 
Annual Review of Statistics and Its Application, 8, 141–163

Moor, M., Rieck, B., Horn, M., Jutzeler, C. R., & Borgwardt, K. 
(2021). Early Prediction of Sepsis in the ICU Using Machine 
Learning: A Systematic Review. Frontiers in Medicine, 8, 348. 
DOI: https://doi.org/10.3389/fmed.2021.607952

Morozov, E. (2013). To Save Everything, Click Here: Technology, 
Solutions and the Urge to Fix Problems That Don`t. Exist: Public 
Affairs

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

Noor, P. (2020). : Can we trust AI not to further embed racial bias 
and prejudice? In BMJ (Clinical research ed.) 368, m363. DOI: 
https://doi.org/10.1136/bmj.m363

Deaton, A., & Cartwright, N. (2018). Understanding and misunder-
standing randomized controlled trials. Social Science & Medicine, 
210, 2–21. DOI: https://doi.org/10.1016/j.socscimed.2017.12.005

Esteva, A., Kuprel, B., Novoa, R. A., Ko, J., Swetter, S. M., Blau, H. 
M., & Thrun, S. (2017). Dermatologist-level classification of skin 
cancer with deep neural networks. Nature, 542(7639), 115–118. 
DOI: https://doi.org/10.1038/nature21056

Fauw, J., Ledsam, J. R., Romera-Paredes, B., Nikolov, S., Tomasev, N., 
Blackwell, S., et al. (2018). Clinically applicable deep learning for 
diagnosis and referral in retinal disease. Nature Medicine, 24(9), 
1342–1350. DOI: https://doi.org/10.1038/s41591-018-0107-6

Fazelpour, S., & Danks, D. (2021). Algorithmic bias: Senses, sources, 
solutions. Philosophy Compass, 16(8), e12760. DOI: https://doi.
org/10.1111/phc3.12760

Friedman, B., & Henry, D. G. (2019). Value Sensitive Design: Shaping 
Technology with Moral Imagination. Cambridge/Ma.: MIT Press

Gaube, S., Suresh., H., Raue, M., et al. 2021. Do As AI Say: Suscepti-
bility in Deployment of Clinical Decision-Aids. npj Digital Medi-
cine, 4(31). DOI: https://doi.org/10.1038/s41746-021-00385-9

Genin, K., & Grote, T. (2021). : Randomized Controlled Trials in Med-
ical AI: A Methodological Critique. In Philosophy of Medicine 2 
(1). DOI: https://doi.org/10.5195/philmed.2021.27

Green, C. R., Anderson, K. O., Baker, T. A., Campbell, L. C., Decker, 
S., Fillingim, R. B., et al. (2003). The Unequal Burden of 
Pain: Confronting Racial and Ethnic Disparities in Pain. Pain 
Medicine (Malden, Mass.), 4(3), 277–294. DOI: https://doi.
org/10.1046/j.1526-4637.2003.03034.x

Green, B., & Chen, Y. (2019). : The Principles and Limits of Algo-
rithm-in-the-Loop Decision Making. In Proc. ACM Hum.-Com-
put. Interact. 3 (CSCW). DOI: https://doi.org/10.1145/3359152

Grote, T., & Berens, P. (2020). On the ethics of algorithmic decision-
making in healthcare. Journal of Medical Ethics, 46(3), 205–211. 
DOI: https://doi.org/10.1136/medethics-2019-105586

Grote, T., & Berens, P. (2021). How competitors become collabora-
tors—Bridging the gap(s) between machine learning algorithms 
andclinicians. Bioethics, 1– 9. https://doi.org/10.1111/bioe.12957

Grote, T., & Keeling, G. (2022). On Algorithmic Fairness in Medi-
cal Practice. Cambridge Quarterly of Healthcare Ethics, 31(1), 
83-94. doi:10.1017/S0963180121000839

Gulshan, V., Peng, L., Coram, M., Stumpe, M. C., Wu, D., Narayanas-
wamy, A., et al. (2016). Development and Validation of a Deep 
Learning Algorithm for Detection of Diabetic Retinopathy in 
Retinal Fundus Photographs. Journal Of The American Medical 
Association, 316(22), 2402–2410. DOI: https://doi.org/10.1001/
jama.2016.17216

Hardt, M., & Recht, B. (2021). : Patterns, Predictions, and Actions: A 
Story About Machine Learning: https://mlstory.org/

Hedden, B. (2021). On statistical criteria of algorithmic fairness. Phi-
los Public Aff, 49(2), 209–231. DOI: https://doi.org/10.1111/
papa.12189

Hernandez, G., Valles, D., Wierschem, D. C., Koldenhoven, R. M., 
Koutitas, G., Mendez, F. A., et al. (2020). : Machine Learning 
Techniques for Motion Analysis of Fatigue from Manual Material 
Handling Operations Using 3D Motion Capture Data. In: 2020 
10th Annual Computing and Communication Workshop and Con-
ference (CCWC), pp. 300–305

Hoffman, K. M., Trawalter, S., Axt, J. R., Oliver, M., & Norman (2016). 
: Racial bias in pain assessment and treatment recommendations, 
and false beliefs about biological differences between blacks and 
whites. In Proceedings of the National Academy of Sciences 113 
(16), p. 4296. DOI: https://doi.org/10.1073/pnas.1516047113

Holroyd, J. (2012). Responsibility for Implicit Bias. Jour-
nal of Social Philosophy, 43(3), 274–306. DOI: https://doi.
org/10.1111/j.1467-9833.2012.01565.x

1 3

39 Page 12 of 13

http://dx.doi.org/10.1111/phc3.12410
http://dx.doi.org/10.1111/phc3.12410
http://dx.doi.org/10.1038/s41398-021-01224-x
http://dx.doi.org/10.1007/s11229-020-02696-y
http://dx.doi.org/10.1007/s11229-020-02696-y
http://dx.doi.org/10.2196/medinform.8912
http://dx.doi.org/10.1016/j.jcrc.2019.09.024
http://dx.doi.org/10.1038/s41746-020-00367-3
http://dx.doi.org/10.1038/s41746-020-00367-3
http://dx.doi.org/10.1080/17579961.2021.1898299
http://dx.doi.org/10.1080/17579961.2021.1898299
http://dx.doi.org/10.1136/medethics-2018-105118
http://dx.doi.org/10.3389/fmed.2021.607952
http://dx.doi.org/10.1136/bmj.m363
http://dx.doi.org/10.1016/j.socscimed.2017.12.005
http://dx.doi.org/10.1038/nature21056
http://dx.doi.org/10.1038/s41591-018-0107-6
http://dx.doi.org/10.1111/phc3.12760
http://dx.doi.org/10.1111/phc3.12760
http://dx.doi.org/10.1038/s41746-021-00385-9
http://dx.doi.org/10.5195/philmed.2021.27
http://dx.doi.org/10.1046/j.1526-4637.2003.03034.x
http://dx.doi.org/10.1046/j.1526-4637.2003.03034.x
http://dx.doi.org/10.1145/3359152
http://dx.doi.org/10.1136/medethics-2019-105586
http://dx.doi.org/10.1111/bioe.12957
http://dx.doi.org/10.1001/jama.2016.17216
http://dx.doi.org/10.1001/jama.2016.17216
https://mlstory.org/
http://dx.doi.org/10.1111/papa.12189
http://dx.doi.org/10.1111/papa.12189
http://dx.doi.org/10.1073/pnas.1516047113
http://dx.doi.org/10.1111/j.1467-9833.2012.01565.x
http://dx.doi.org/10.1111/j.1467-9833.2012.01565.x


Enabling Fairness in Healthcare Through Machine Learning

(Proceedings of Machine Learning Research), pp. 5281–5290. 
Available online at https://proceedings.mlr.press/v97/raghu19a.
html

Rajkomar, A., Hardt, M., Howell, M. D., Corrado, G., & Chin, M. H. 
(2018). Ensuring fairness in machine learning to advance health 
equity. Annals of internal medicine, 169(12), 866–872

Roos, E. M., & Lohmander, L. S. (2003). The Knee injury and Osteo-
arthritis Outcome Score (KOOS): from joint injury to osteoar-
thritis. Health and quality of life outcomes, 1, 64. https://doi.
org/10.1186/1477-7525-1-64

Tschandl, P., Rinner, C., Apalla, Z., Argenziano, G., Codella, N., Halp-
ern, A., et al. (2020). Human–computer collaboration for skin 
cancer recognition. Nature Medicine, 26(8), 1229–1234. DOI: 
https://doi.org/10.1038/s41591-020-0942-0

Wilder, B., Horvitz, E., & Kamar, E. (2020). : Learning to Comple-
ment Humans. In arXiv preprint arXiv:2005.00582 [cs.AI]

Zicari, R. V., Ahmed, S., Amann, J., Braun, S. A., Brodersen, J., Bru-
neault, F. … Wurth, R. (2021). Co-design of a trustworthy AI 
system in healthcare: deep learning based skin lesion classifier.
Frontiers in Human Dynamics, 40

Zimmermann, A., & Lee-Stronach, C. (2021). Proceed with Cau-
tion. Canadian Journal of Philosophy, 1–20. DOI: https://doi.
org/10.1017/can.2021.17

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Obermeyer, Z., Powers, B., Vogeli, C., & Mullainathan, S. (2019). 
Dissecting racial bias in an algorithm used to manage the health 
of populations. Science, 366(6464), 447. DOI: https://doi.
org/10.1126/science.aax2342

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

Owens, K., & Walker, A. (2020). Those designing healthcare algo-
rithms must become actively anti-racist. Nature Medicine, 26(9), 
1327–1328. DOI: https://doi.org/10.1038/s41591-020-1020-3

Pierson, E., Cutler, D. M., Leskovec, J., Mullainathan, S., & Obermeyer, 
Z. (2021). An algorithmic approach to reducing unexplained pain 
disparities in underserved populations. Nature Medicine, 27(1), 
136–140. DOI: https://doi.org/10.1038/s41591-020-01192-7

Poplin, R., Varadarajan, A. V., Blumer, K., Liu, Y., McConnell, M. 
V., Corrado, G. S., et al. (2018). Prediction of cardiovascular 
risk factors from retinal fundus photographs via deep learning. 
Nature Biomedical Engineering, 2(3), 158–164. DOI: https://doi.
org/10.1038/s41551-018-0195-0

Raghu, M., Blumer, K., Corrado, G., Kleinberg, J., Obermeyer, Z., & 
Mullainathan, S. (2019). : The Algorithmic Automation Prob-
lem: Prediction, Triage, and Human Effort. In arXiv preprint 
arXiv:1903.12220 [cs.CV]

Raghu, M., Blumer, K., Sayres, R., Obermeyer, Z., Kleinberg, B., 
Mullainathan, S., & Kleinberg, J. (2019). : Direct Uncertainty 
Prediction for Medical Second Opinions. In Kamalika Chaud-
huri, Ruslan Salakhutdinov (Eds.): Proceedings of the 36th 
International Conference on Machine Learning, vol. 97: PMLR 

1 3

Page 13 of 13 39

https://proceedings.mlr.press/v97/raghu19a.html
https://proceedings.mlr.press/v97/raghu19a.html
http://dx.doi.org/10.1186/1477-7525-1-64
http://dx.doi.org/10.1186/1477-7525-1-64
http://dx.doi.org/10.1038/s41591-020-0942-0
http://dx.doi.org/10.1017/can.2021.17
http://dx.doi.org/10.1017/can.2021.17
http://dx.doi.org/10.1126/science.aax2342
http://dx.doi.org/10.1126/science.aax2342
http://dx.doi.org/10.1038/s41591-020-1020-3
http://dx.doi.org/10.1038/s41591-020-01192-7
http://dx.doi.org/10.1038/s41551-018-0195-0
http://dx.doi.org/10.1038/s41551-018-0195-0

	Enabling Fairness in Healthcare Through Machine Learning
	Abstract
	Introduction
	2. Case Study: Mitigating Bias in Pain Diagnosis
	On Statistical Fairness Criteria in Machine Learning
	Algorithmic Fairness and Final Fair Decisions

	Collaboration Between Clinicians and ML Models
	The Peer Model
	The Triage Model
	The Auditing Model
	Division of Labour

	From Biased Algorithms to Fair Final Decisions
	The Threat of Solutionism
	Conclusion
	References


