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Abstract
In both popular and academic discussions of the use of algorithms in clinical practice, 
narratives often draw on the decisive potentialities of algorithms and come with the belief 
that algorithms will substantially transform healthcare. We suggest that this approach is 
associated with a logic of disruption. However, we argue that in clinical practice alongside this 
logic, another and less recognised logic exists, namely that of continuation: here the use of 
algorithms constitutes part of an established practice. Applying these logics as our analytical 
framing, we set out to explore how algorithms for clinical decision-making are enacted by 
political stakeholders, healthcare professionals, and patients, and in doing so, study how 
the legitimacy of delegating to an algorithm is negotiated and obtained. Empirically we draw 
on ethnographic fieldwork carried out in relation to attempts in Denmark to develop and 
implement Patient Reported Outcomes (PRO) tools – involving algorithmic sorting – in 
clinical practice. We follow the work within two disease areas: heart rehabilitation and 
breast cancer follow-up care. We show how at the political level, algorithms constitute 
tools for disrupting inefficient work and unsystematic patient involvement, whereas closer 
to the clinical practice, algorithms constitute a continuation of standardised and evidence-
based diagnostic procedures and a continuation of the physicians’ expertise and authority. 
We argue that the co-existence of the two logics have implications as both provide a push 
towards the use of algorithms and how a logic of continuation may divert attention away 
from new issues introduced with automated digital decision-support systems.
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Introduction

With healthcare revolving more around data (Hoeyer, 2016; Ruckenstein and Schüll, 
2017), and as the magnitude of data made available by digital tools far exceeds the ana-
lytical capacities of the human mind, algorithms are gaining a central and an increasingly 
inevitable role in healthcare (Alston, 2019; Danish Ministry of Finance, 2016; Ministry 
of Finance and Ministry of Industry, Business and Financial Affairs, 2019; NHS Digital, 
2019). One area within healthcare in which algorithms play a significant role is in rela-
tion to clinical decision-making on issues of triage, diagnosis, prognosis, and treatment.

Within both popular and academic literature the use of algorithms in healthcare is 
widely discussed. Recently discussions have revolved around the controversial character 
of algorithms being a way of automating human actions, with an interest in how digital 
algorithms ‘somehow mysterious and inevitable, are contributing to the shape of our 
lives in ways both big and small’ (Dourish, 2016). In common with many previous socio-
technical imaginaries, algorithms in clinical care are infused with both high hopes and 
anxiety (Jasanoff and Kim, 2015). In popular accounts of the algorithmic future of 
healthcare, the substitution of the physician for an algorithm is already a well-established 
image (Wachter, 2017). Headlines such as ‘The algorithm will see you now’ (Balicer, 
2018) and ‘A.I. versus M.D.’ (Mukherjee, 2017) feature on TED talks and news articles, 
and depict algorithms as powerful new autonomous actors in healthcare: disrupting 
existing roles and authority, potentially furthering more rational health systems (Topol, 
2019).

In academic discussions within the social sciences, algorithms are discussed along 
with the more general and increased focus on ‘the datafication of health’ (Ruckenstein 
and Schüll, 2017). As in the popular account, these discussions also often seem to 
emphasise the disruptive character of new digital technologies, including algorithms. 
As such, within the field of critical digital health studies, introduced in 2016 by 
Lupton in this journal, we see how digitalisation within healthcare and the use of 
algorithms are addressed in the light of the ‘apparent disruptive and revolutionary 
opportunities’ they present (Lupton, 2016: 53). Similarly, in a recent special issue of 
this journal, the papers included were introduced by stating that they each contributed 
to the common question of ‘what the digital revolution in fact means for the present 
and future health and day-to-day lives of the people’ (Petersen et al., 2019: 382). In 
both these examples the disruptive character of digital health tools and algorithms 
seem to form the research interest.

In this paper, we argue that these contemporary accounts of algorithms in healthcare 
are often associated with what we call a logic of disruption. However, algorithms may 
also constitute a continuation of an established practice around standardisation and evi-
dence-based medicine, and hence be associated with what we call a logic of continuation. 
The latter observation draws both on our early empirical findings and classical studies of 
evidence-based medicine within the field of Science and Technology Studies (STS). We 
apply the idea of the two logics as an analytical framing and examine how the delegation 
of decision-making to algorithms is negotiated in practice. On what grounds does it 
become legitimate to delegate, fully or partly, a clinical decision to an algorithm? And to 
what extent can the analytical framing of a logic of disruption and a logic of continuation 
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help us understand such negotiations around the role(s) of algorithms in contemporary 
healthcare?

Empirically, we study the negotiations and enactments appearing during the develop-
ment, adaptation, and application of a specific type of new algorithmic tool used in clini-
cal decision-making in the context of Danish public healthcare: Patient Reported 
Outcome (PRO) tools. We followed two different disease areas: heart rehabilitation, and 
breast cancer follow-up care. In both cases, algorithms were introduced along with the 
PRO-tools, and used for clinical decision-making. Using PRO-tools, patients are 
requested to respond to digital questionnaires about their physical and mental wellbeing 
as part of their clinical treatment trajectory (Black, 2013; Trygfonden and ViBIS, 2016). 
The PRO-data produced are then processed by an algorithm and applied in clinical deci-
sion-making. Based on the algorithmic processing, PRO-data may be given specific col-
our codes according to the severity of the problems that the data indicate, and healthcare 
professionals may then apply this information in decision-making. In other cases, the 
patients are automatically screened based on the data, selecting those to be contacted by 
a health professional in person, and those to receive only an automated response. In a 
Danish context, algorithms used in PRO-tools may be based on validated and published 
thresholds or determined at a local level (The Danish PRO Secretariat, n.d.), and have, as 
far as we are aware not (yet) been coupled with machine learning. Thus, algorithmic sort-
ing constitutes an essential part of digitised PRO-tools applied in clinical practice 
(Langstrup, 2019; Snyder and Aaronson, 2009).

In Denmark, there is currently a movement towards an increased clinical use of PRO-
tools at a national level (Langstrup, 2019). This is partly driven by the health authorities 
who have initiated an institutionalisation and standardisation of the clinical use of PRO-
data (Langstrup, 2019). The clinical use of PRO-tools is also tested and adopted in a 
number of local initiatives (see e.g. de Thurah et al., 2018; Hansen et al., 2019; Schougaard 
et al., 2016). The extent of the Danish movement towards using PRO-tools, and the cen-
tral role that algorithms play in relation to PRO-tools, therefore makes this a highly rel-
evant empirical case through which to study how the delegation of clinical decision-making 
to algorithms is negotiated in practice, and on what grounds legitimacy is established.

Algorithms as disruption and continuation

As described above, contemporary accounts of the use of algorithms in healthcare, both 
popular and academic, hold projections of how algorithms will revolutionise and disrupt 
healthcare. Other scholars have pointed to algorithms often being approached in terms of 
their opacity and ‘blackboxing’ (Lee and Björklund Larsen, 2019; Schwennesen, 2019). 
Thus, some critical scholars have an analytical interest in ‘going under the hood’ of algo-
rithms, as Lee and Björklund Larsen (2019) characterise the approach of analytically 
exposing the assumptions and hidden politics inscribed in the ‘machinery’ of algorithms. 
This could for example be by drawing attention to the extent to which algorithms ‘black-
box’ the grounds on which decisions are made and results reached, with negative impli-
cations for human autonomy, public oversight and justice (Obermeyer et al., 2019; 
Prainsack, 2017). Along the same lines, the use of advanced big data analytics in health-
care (Lupton, 2018; Prainsack, 2017) and machine learning systems such as for example 
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IBM’s Watson for oncology diagnostics (Tupasela and Di Nucci, 2020), have in particu-
lar prompted discussion of algorithms and their ‘authority’ (Lupton and Jutel, 2015; 
Schwennesen, 2019) vis-à-vis that of the human clinical expert. While this analytical 
interest takes its point of departure, to some extent, in the popular discourse regarding the 
disruptive potentials of algorithms, most studies of algorithms in the field of STS have 
an interest in understanding algorithms as unstable objects (Seaver, 2017) embedded in, 
and enacted as part of, practices (Lee and Björklund Larsen, 2019; Neyland, 2019: 151; 
Schwennesen, 2019). In the context of health, Schwennesen (2019), for instance, shows 
how the authority of an algorithm instructing patients in physical rehabilitation is contin-
gent on active delegation and continuous human ‘repair work’. Lomborg et al. (2020) 
similarly describe how heart patients engaging with Fitbit’s algorithms for managing 
their health, mobilise and make sense of the data output in constant interaction with the 
care infrastructure in which these patients are embedded (Langstrup, 2013). And with 
regard to PRO-tools, Torenholt and Tjørnhøj-Thomsen (forthcoming) have shown how 
algorithmic sorting and hence the decontextualised nature of PRO-data entail that nurses 
mobilise complementary information in order to make PRO-data actionable in clinical 
decision-making. As pointed out by Lee and Larsen, studies like these offer an alterna-
tive to only ‘going under the hood’ and instead consider algorithms as ‘contingent upshot 
of practices, rather than [as] a bedrock reality with a focus on the intertwining of human 
and non-human actors’ (Lee and Björklund Larsen, 2019).

Similarly, as an alternative to approaching algorithms as disruptive per se, we suggest a 
need to consider also the history and the institutionalised practices within healthcare – in 
which algorithms have, for a considerable period of time, played a significant role – as part of 
the algorithmic system (Seaver, 2017). Hence, the expectation and hope that automation – an 
implicit part of applying algorithms in clinical decision-making – will lead to an improve-
ment in healthcare, are not new. On the contrary, Berg in his work from 1997 presents these 
hopes and discussions, which at that time were already a decade old: how standardised tools, 
such as protocols and clinical guidelines for decision-support would rectify the problem of 
large variations and increasing costs in healthcare (Berg, 1997a). A different name for such 
protocol or guideline – even if on paper – is an algorithm. An algorithm can be defined as ‘an 
abstract, formalised description of a computational procedure’ (Dourish, 2016: 3). In conver-
sation with early STS work on standardisation (e.g. Berg, 1997b; Bowker and Star, 1998; Star 
and Ruhleder, 1996) Timmermans and Berg (2003), studied how standards and digitised 
‘expert systems’ affect medical practice, and highlighted how the ‘construction and applica-
tion of standards transform the practices in which they become embedded’ (p. 22). The stud-
ies of Timmermans and Berg thereby demonstrate that algorithms, if understood as tools for 
automated decision-making/support, are not new in healthcare, nor in sociological studies. 
Rather, a strong tradition of delegating agency to standardised tools in clinical decision-mak-
ing exists and current developments should be seen in this light. On an analytical level, this 
challenges the narratives of algorithms as per se disruptive when talking about healthcare and 
suggests that a sensitivity to the possibility of more continuation-oriented narratives is needed.

To align our analytical sensitivity and allow for both the disruptive and the more 
continuation-oriented narratives around algorithms in healthcare, we developed an ana-
lytical framework. This framework was not solely based on contemporary studies of 
algorithms within the social sciences and classical STS on standardisation 
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and automation as described above. It also emerged through our empirical observations 
carried out in clinical practice, in which we observed that algorithms were often enacted 
as ‘normal procedure’ and not as ‘disruptive’. Thus, in a conversation between the exist-
ing theory and these early observations, we developed an analytical frame approaching 
algorithms in the light of two co-existing logics: a logic of disruption and a logic of 
continuation.

In applying the term ‘logic’ we follow Mol, as we intend to explore ‘what it is appro-
priate or logical to do in some site or situation, and what is not’ (Mol, 2008: 8). Hence, 
with ‘logics’ we do not refer to a stabile coherence, but rather to a coherence that ‘is not 
necessarily obvious to the people involved (. . .) It may be implicit: embedded in the 
practices, buildings, habits and machine’ (Mol, 2008). Thus, as opposed to consider a 
logic as a thought system expressed through for instance a managerial technology (as in 
the idea of institutional logics) (Allen, 2014), drawing on Mol’s approach we consider 
how logics come into being, can be identified in, and have an impact on the everyday 
activities involved in implementing algorithms in clinical work.

Fieldwork and data analysis

Fieldwork was conducted by both authors. Fieldwork carried out by Henriette Langstrup 
was centred on political documents and the developmental work of selecting and con-
structing national PRO-tools for cross-sectoral heart rehabilitation in a working group 
consisting of representatives of the health authorities, clinicians from different sectors and 
regions, patient representatives and consultants facilitating the work. Fieldwork carried 
out by Rikke Torenholt was centred on the development and the clinical use of a local 
PRO initiative for breast cancer follow-up. The two fieldwork studies are described sepa-
rately in previous publications (Langstrup, 2019, Torenholt et al., 2020), but in this paper 
they are considered as a joint case, representing the different stages involved in the Danish 
movement around implementing algorithmic tools in clinical practice. Although the two 
fieldwork studies were originally designed as separate projects, we (the two authors) met 
regularly both prior to and during fieldwork, (including at scheduled meetings every sec-
ond week). As we met and exchanged observations and experiences a consistent theme 
arose: the negotiations around legitimacy. This urged us to analyse data as a joint enquiry 
into how the legitimacy of delegating to algorithms was established. The joint fieldwork 
thus produced a unique opportunity to consider how legitimacy is negotiated at various 
levels throughout healthcare: the political level; the national level in working groups; and 
at local hospital level. And together, the ethnographical work covers a broad spectrum of 
relevant actors in different settings, including healthcare professionals, patients, research-
ers, IT-developers, stakeholders and public servants; and it comprises different methods 
including observations, interviews, document analysis and participation in relevant 
conferences.

Fieldwork on the political and national debate around the implementation of PRO-
tools (not related to any specific disease), along with observations of the national coor-
dination group on PRO for heart disease, which involved participant observations in 
eight workshops arranged by the Danish Health Data Authorities, were carried out dur-
ing autumn 2018. Access was given to written material such as mail correspondence, and 
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PowerPoint slides made and used by the clinical coordination group. Fieldwork carried 
out in relation to the local PRO initiative (Saltbæk et al., 2019) involved four intervals of 
observational studies, each lasting 5–8 days, at an oncology outpatient clinic in Region 
Zealand in Denmark. Observations were carried out between October 2016 and March 
2019 and a total of 36 interviews (24 interviews with 18 patients, and 12 interviews with 
6 healthcare professionals) were conducted. Additionally, observations were carried out 
in relation to the development of this local initiative by observing meetings conducted by 
the research team monitoring the use of PRO-tools, and by interviewing members of this 
research team. Besides this, we also conducted interviews with various stakeholders, 
reviewed related official documents, and participated in conferences of relevance to the 
national initiative around PRO.

All informants were fully briefed about the project and written consent was obtained 
prior to all interviews. Informants were also assured anonymity. Regarding observations 
conducted in the clinical coordination group, written consent was obtained both from the 
project manager from the Health Data Authorities, and from the clinician leading the 
work. Oral consent was obtained from other members of the clinical coordination group. 
Observations in the clinic focused solely on the healthcare professionals, who all gave 
their written consent prior to the observations. When recruiting, all healthcare profes-
sionals and patients were informed about our overall interest in examining how PRO-
tools were developed and applied in practice. Fieldnotes were written by hand and 
afterwards written out and extended on computer. All interviews were audio-recorded 
and transcribed verbatim.

The analysis was made by the two authors in collaboration. Fieldnotes and interview 
transcripts were revisited and coded according to the analytical framing. First, we each 
revisited ‘our own part’ of the empirical data and coded it according to the two logics. In 
presenting our findings and examples to each other we then continued the analysis by 
comparing and situating the empirical examples. In developing and applying the analyti-
cal framework, we followed the request by Timmermans and Tavory (2012) to produce 
a ‘new hypothesis (. . .) based on surprising research evidence’. In the analysis, we also 
took inspiration from abductive analysis (Timmermans and Tavory, 2012), as we tested 
the emergent hypothesis by sorting data according to whether legitimacy was gained 
based on ideas about the algorithm’s disruptive character (logic of disruption), or based 
on the connection with existing practices (logic of continuation). In doing so, we both 
looked for examples that could verify the idea about the two logics, but simultaneously 
and in line with the idea about abductive analysis, we were also searching for examples 
that could challenge the hypothesis and provide alternative explanations (Timmermans 
and Tavory, 2012).

Findings

In this section, we demonstrate how logics both of disruption and of continuation 
appeared in the negotiations and enactments of PRO-tools. We do so by first presenting 
how the Danish PRO-movement began and how, based on a logic of disruption, political 
attention towards PRO-tools was awakened. We show how in political documents PRO-
tools were presented and discussed in relation to their disruptive potentiality with regard 
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to alleviating inefficiency in the organisation of work and the unsystematic involvement 
of patients. In the following two subsections we present empirical examples showing 
how closer to the clinical practice, PRO-tools were enacted as a natural continuation of 
the existing clinical practice. In the final section, we also show how tensions occurred 
when the algorithm’s transparency was at times questioned. However, despite these ten-
sions, a logic of continuation seemed to contribute to legitimacy.

Disrupting inefficient work and unsystematic patient involvement

To set the scene, we start by describing how PRO-tools were first introduced in Denmark 
and how it was especially the framing of the disruptive potential of PRO-tools that led 
the propagation. Thus, the optimistic coupling of algorithms, automation, and efficiency, 
which forms part of the socio-technical imaginary we initially described, was also seen 
in relation to the Danish national investment in PRO-tools. This investment took off after 
a report in 2015 (PA Consulting Group, 2015), ordered by the Government, Danish 
Regions, and Local Government Denmark, argued that PRO-data had great potential to 
be used in automated triage-systems (see also Langstrup, 2019). The report showed that 
with PRO-data provided by patients through online systems, clinical visits could be 
scheduled based on individual needs. This differs from how, for instance, follow-up care 
had been, and still is, typically arranged, where patients are seen, for example, every 
3 months based on a generic calendar system. According to the report, PRO-tools could 
provide a resource-saving and patient-involving alternative: Using algorithms to auto-
mate the processing of PRO-data, patients would be classified according to need (green, 
yellow or red) preselecting which patients should be seen in person for a clinical check-
up and which patients should only receive an automated response or a phone call. The 
main message of the report was a business case, arguing that automation of follow-up 
visits held immense potential for saving money in a health system with an increasing 
number of patients in chronic care trajectories or in follow-up care after cancer:

A national use of PRO would imply a reorganisation of the clinical procedures at the outpatient 
clinics, which means that patients can be referred to PRO-based care; whereupon it is the 
patients’ responses that constitute the point of departure for the clinical judgement (. . .). In 
other words, it is a premise that an appointment in the ambulatory assessment unit is not made 
until a need is identified, on the basis of the PRO [and the algorithmic sorting, ed.]. (Our 
translation) (PA Consulting Group, 2015)

The consultancy report thus demonstrated how PRO-tools could disrupt previous ineffi-
cient ways of organising healthcare, bringing financial benefits. Hence, in line with other 
reports and strategies on the digitalisation of healthcare produced by health authorities in 
collaboration with consultancy bodies (Danish Ministry of Health, 2018; Danish Ministry 
of Health, Danish Regions, Local Government Denmark, 2013), the narratives found 
here are those of disruption: healthcare needs to change radically: digitalisation, automa-
tion, and algorithms provide the key. The consultancy report on PRO-tools influenced 
and mobilised stakeholders. Thus, from the onset of the Danish PRO-movement, the 
economic potential and a logic of disruption came to the fore.
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However, in the public presentations and strategic documents that followed after the 
first national introduction of PRO-tools, the value of the data input – patients’ own expe-
rience of their health and wellbeing – became the central figure. Economic arguments 
could not in and of themselves provide legitimacy. As expressed in a report published by 
the Danish Knowledge Center for User Involvement in Health Care, part of the nongov-
ernmental organisation Danish Patients: ‘With the implementation of PRO-data in clini-
cal practice and in the quality of care development, the aim is to put into reality the 
vision of involving patients more in their own treatment’ (Trygfonden and ViBIS, 2016: 
37).

The potential economic value of automation and the automation itself were down-
played, and little attention given to the algorithms involved. PRO-data and algorithms 
were consequentially recast, no longer being tools for ‘process automation’, as they 
appeared to be in the consultancy report, but rather tools for ‘systematic’ and ‘efficient’ 
patient involvement. These digitised capabilities are referred to in various and less con-
spicuous ways: ‘data are sent to the database for further processing’; data are used for 
‘advanced decision-support’, or in ‘weighting’, or as ‘a smart selection of patients’ – here 
quoting from a number of internal reports, policy documents and public meetings. The 
objective around the use of PRO-tools for automated triage therefore seemed to change 
when PRO-tools were presented closer to clinical practice.

In the so-called clinical coordination groups, consisting of both clinicians and patient 
representatives who had the responsibility of developing national, cross-sectoral PRO 
packages including algorithms, the tension between the potential for saving time and 
money and the potential for patient involvement also appeared. Some clinicians hailed 
the disruptive potential in economic terms: one clinician stated ‘PRO is smart! We can 
use it to sort our patients. It’s more rational’. Yet most would only consider an automatic 
prioritisation of patients if aligned with a goal of increased patient-centredness. The pub-
lic servant responsible for the workshops was very attentive to this tension:

She [the public servant] says to the group that she has asked in the ministry, and they have 
ensured her, that this is not a ‘money-saving exercise’. ‘It is to help prioritise – some patients 
will need more [clinical visits], some will need fewer, she says to the group. (Fieldnote).

Even clinicians who had experienced that the application of algorithms – as the first 
point of contact with patients – could reduce numbers of controls, were worried that PRO 
would never gain support from patients and health professionals if perceived as a ‘money-
saving tool’. Instead, PRO-tools and the use of algorithm gained its legitimacy based on 
the assumption that it would ensure and systemise patient involvement.

Despite the gradual shift in rationale for the use of PRO-tools to sort patients, what the 
examples above demonstrate is that from the onset of the Danish PRO-movement a logic 
of disruption played a significant role. Both the consultancy report, the political docu-
ments and the clinical coordination group expressed a belief that PRO-tools and the 
delegation to an algorithm would disrupt existing inefficient and unsystematic ways in 
which healthcare was organised. However, in the following sections, we will demon-
strate how this logic of disruption was accompanied by and partly or fully replaced by a 
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logic of continuation as PRO-tools were developed and implemented closer to, and 
within, clinical practice.

PRO as a continuation of standardised and evidence-based diagnostic 
procedures

Members of the clinical coordination group at other times discussed PRO-tools not only 
regarding their potentiality to disrupt unsystematic work procedures, but also in terms of 
their similarity to established clinical practices. ‘It’s not much different from what we 
already do’ a physician and member of the clinical coordination group said, referring to 
standardised procedures and guidelines for interviewing and triaging patients. The algo-
rithmic sorting of patient data is seen as a ‘natural’ prolongation of existing guidelines 
and best practices, thus expressing a logic of continuation. When PRO-tools are not 
discussed as something new, but rather as a continuation, it should be seen in the light of 
standardised and evidence-based procedures which already define clinical work (Allen, 
2009; Timmermans and Berg, 2003). In a Danish setting, national guidelines are devel-
oped by the Danish Health Authorities with the participation of representatives from 
relevant scientific societies so that both for heart rehabilitation and breast cancer follow-
up, national evidence-based guidelines are developed in order to ensure standardised 
procedures. Within breast cancer, Danish Breast Cancer Group and their work on prepar-
ing evidence-based and national guidelines regarding diagnostic procedures and treat-
ment closely defines the clinical work around breast cancer. Comparable groups exist 
within other cancer areas.

The same references to ‘business as usual’ were seen in the local PRO-initiative. Here 
patients’ PRO responses were sorted by an algorithm based on predefined thresholds. To 
the physician leading the daily management of the project, the automatic sorting per-
formed by the algorithm was comparable to the work she would carry out in face-to-face 
consultations, when considering how she would habitually ask the same clarifying ques-
tions and pay attention to the same symptoms. The physician’s enactment of the PRO-
tools as a continuation of regular medical practice, indirectly appeared in terms of what 
the physician did not tell the patients. In the initial consultation, when patients were 
briefed about their follow-up care, the physician very rarely mentioned how the task of 
sorting the PRO responses and the following triage were performed on the basis of an 
algorithm, with no human involvement. Extra time had been allocated to this consulta-
tion as it contained much information and served several purposes including summaris-
ing the patient’s treatment, explaining about new preventive medication and radiotherapy, 
and advising about side effects. Lastly, the physician introduced the follow-up treatment 
and explained the programme, most often saying:

We’ll follow up on you through questionnaires which you’ll receive by email and where you’ll 
be asked about the symptoms you’re experiencing. Then a nurse compares your responses with 
the responses you gave the last time.

The automatic sorting of the responses and automated triage were not mentioned. The 
physician described how, due to the comprehensiveness of this specific consultation and its 
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many purposes, she was very careful not to give too much information. For her, explaining 
about the use of automated triage was considered less important information. She instead 
emphasised the greater importance of informing patients about their treatment, and poten-
tial side effects. The physician appeared very dedicated and thorough in her work, and 
attentive towards the patient’s understanding and any questions raised. When asked why 
she did not mention or explain the automated screening, the physician said:

The ones who are experiencing symptoms which we are worried about, we get to call those 
(. . .) But you’re completely right, I consistently didn’t do it [mention the algorithm]. But I don’t 
believe there’s anything to hide, absolutely not, at any time I would [explain it] if the patient 
asked. There are a few who have asked about it; ‘How do you do it?’ And then I’ve told them. 
In that sense, I don’t think there is any jiggery-pokery in it.

The physician prioritises information she considers more important to the patient’s com-
plex and challenging situation. As representing standardised care, the algorithm is estab-
lished as good clinical practice. The example demonstrates how in clinical practice the 
algorithm is considered a natural extension of what the physician normally does when 
applying other standardised procedures.

PRO as a continuation of the physicians’ expertise and authority

In the local PRO-initiative, the PRO-tool – including its algorithm – was developed and 
introduced into clinical practice as part of an intervention study. The physician leading 
the daily management of the PRO-initiative had herself led the work of developing the 
PRO-tool. At first, PRO questionnaires were chosen and formulated based on her profes-
sional knowledge and experience. The number of response categories and headings were 
decided upon based on an already-validated scales. Using her clinical expertise, the phy-
sician designed the algorithm by determining what the thresholds should be for each 
question. The PRO-tool and its predefined thresholds were afterwards sent to six experi-
enced oncologists who commented and made suggestions for improvements in both 
wording and thresholds. The PRO-tool was then adjusted in discussion between the phy-
sician and the six oncologists (Saltbæk et al., 2019). Therefore, to the physician, the 
algorithmic sorting constituted an extension of her own, and her experienced colleagues’ 
expertise, which ensured the authority of the algorithm:

I think that it’s a kind of inserted clinical judgement (. . .) I consider it a clinical judgement, 
which we made when we decided upon the thresholds (. . .) we had six consultants (physicians) 
contributing by looking at it, and if they didn’t want to call the patient at that time, then I don’t 
need to know anymore.

Here, the physician emphasises the role that the six experienced physicians played when 
developing the PRO-tool. To the physician, the algorithm constitutes a legitimate stand-
in not only for herself, but also for six other experienced physicians. It is interesting that 
she uses the word ‘judgement’ as this has traditionally been seen as being in contrast to 
rule-based decision-making (Dreyfus, 1992; Simon, 1973). Hence, PRO-tools are 
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enacted as an extension and continuation of her own clinical expertise and authority, and 
not in contrast to expert judgement. At another point in the interview, the physician, 
using a peculiar expression, described the algorithm as ‘a brain a long time ago’. 
However, as the quote above illustrates, the algorithm not only comes to represent one 
brain but the brains of all the healthcare professionals involved in developing the 
algorithm.

Likewise, the primary investigator behind the project also expressed the algorithm as 
being more than a representation of one physician. He considered the algorithm as an 
advance, as it is the result of an agreement between several leading experts. During an 
interview, Henriette questioned the algorithm’s complexity, referring implicitly to its 
fixed thresholds and the lack of machine-learning capabilities, something that she as an 
outsider considered the hallmark of complex algorithms. The primary investigator coun-
tered this by saying:

(. . .) we actually made an algorithm for recurrence, which is fairly complicated. Because 
(regarding) recurrence, we want to see those who we believe have recurrence or dissemination, 
right? So, it’s rather complicated I believe. It’s been pretty difficult to make. We’ve taken a long 
time. But I think that we got away with it pretty well.

In this quote, the primary investigator – a physician by training – considers the efforts of 
the six experienced consultants, and also projects their expertise and authority into the 
algorithm: its authority again rests on the clinical expertise behind the algorithm. It may 
take some power of judgement away from individual clinicians, but it rests on and con-
stitutes a continuation of the authority from the expertise of a collective of clinicians 
(Timmermans and Berg, 2003).

However, when describing the needs for initiating the local PRO-project, the primary 
investigator simultaneously seemed to draw on algorithms’ more disruptive characters, 
showing that the two logics should not be seen as mutually exclusive. This appeared at the 
initiation of the project when he argued strongly for a need to change follow-up practices 
in oncology as, according to him and supported by research results, these practices rested 
too heavily on pre-scheduled control-visits and too little on objective indications of recur-
rences and other needs. He argued that using PRO and algorithms was a necessary disrup-
tion of established but costly and inefficient practices and directed a mistrust towards the 
physicians, who believed that they were effective at finding recurrences, but who – accord-
ing to scientific studies – did not have a great success rate in spotting recurrences during 
clinical check-ups. Here, a logic of disruption seems very present. However, as demon-
strated in the previous quote from the primary investigator, he simultaneously emphasised 
the close link between the algorithm and the physicians. This example demonstrates two 
things: on the one hand, it shows how the physician can tap into more logics, further 
strengthening the legitimacy for delegation to the algorithm. On the other hand, it may also 
suggest that the division of the two logics is in some cases too streamlined: that it is too 
simplistic to believe that a logic of disruption is present only at the political level, or that 
closer to clinical practice legitimacy is established based only on a logic of continuation.
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Moments of tension: Negotiating the transparency of algorithms

Where the examples above demonstrate how the primary investigator seemed to juggle 
both logics, in this section we will show how during the developmental phase of the local 
PRO-initiative the logic of continuation was challenged, which momentarily caused 
some tension and uncertainty in the legitimacy of delegation. Hence, as we took part in 
the finalising meetings about the design and planning of the PRO-intervention, we 
observed how questions about the transparency of the algorithm were negotiated. During 
one of these meetings the IT developers, the physician leading the daily management, 
and researchers discussed if and how the delegation of decision-making power to the 
algorithm should appear to the patients, and hence how recognisable it should be that 
PRO-responses were automatically screened by a computer. The negotiations around 
transparency emerged as the researchers tried to decide whether patients should receive 
an auto-generated email shortly after submitting their responses, or if there should be a 
delay. The following discussion took place during a meeting with the technical company 
designing the software system running the PRO-tool:

Researcher 1:  [addressing IT-developer] We still need those automatic response 
emails to the patients, which I consider rather important. And they 
should come at least (. . .) 24 hours after [the patient has responded], 
[and say that] ‘We have now checked your responses, and everything 
looks fine. If anything appears before the next control, you are wel-
come to contact us.’

Physician: Why do you say minimum of 24 hours after?
Researcher 1:  Well because, well it just seems a little (. . .) sometimes it’s just a little, 

you know, impersonal. [Imitating a patient:] ‘Then there’s no one who 
has checked this, they just send an automatic response. . .’

Physician:  But we’re not going to lie to people, right? We shouldn’t make patients 
believe that we’ve been sitting and looking at their responses. I sup-
pose we can say: ‘There is nothing dangerous [indicated] in your 
responses, [so] you should not expect to receive a phone call,’ without 
suggesting that we’ve studied their response and thoroughly discussed 
it.

Researcher 1:  Well, it’s that thing, when you introduce machines [i.e. computers] like 
this between the practitioner and the patient (. . .). You’re of course 
right; we should be honest about what we do.

Researcher 2:  But they’ll know [that it is based on an algorithm] if they receive a 
response right away.

Researcher 1:  But maybe you should be very clear about that, when you inform [the 
patients] about the project.

In the example, the physician (the developer of the algorithm) expresses how they should 
be honest with patients, not letting them assume that she or the nurses had already exam-
ined the responses. Her trust in the algorithm, and her associated desire for full transpar-
ency, rest on a logic of continuation, as the algorithm represents the authority of a 
physician and a continuation of how to perform standardised care. Researcher 1 does not 
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represent the same logic of continuation, being concerned with patients’ emotional 
response to having a ‘machine’ rather than a healthcare professional doing the screening 
– yet it is not the automatic screening itself that she considers problematic: she feels 
uncomfortable with how automation will be experienced by patients – such as whether 
patients will consider this a break with existing practices, and with the trusted relation-
ship between patient and healthcare professional. Nevertheless, Researcher 1 is then 
convinced by the argument of the physician and tries to make it into a matter of continu-
ation. In this situation, a logic of continuation becomes more persuasive, and it is decided 
that the email will be sent to the patients immediately after their responses, with no 
attempt to conceal the algorithm’s involvement.

However, contrary to what had been assumed in the meeting mentioned above, 
patients did not perceive the immediate-response email as a sign that an algorithm had 
screened their data rather than a human being. Instead, in interviews with patients it 
became clear, that the email was often perceived as an autoreply indicating that their data 
had been received, not indicating anything about who or what had been involved in 
evaluating their data. And as the physician only very rarely informed them about it, most 
patients had an inaccurate understanding of how their data were evaluated. A few patients 
had figured out that some sort of automatic screening probably took place, but none of 
the patients Rikke interviewed were fully aware of the two stages of the screening pro-
cess: the first screening by an algorithm and the second by a nurse, and that the nurses 
only saw data from the patients not screened out in the first stage. This was also the case 
with Janne, who Rikke asked as to what she thought happened to her responses after 
submitting them.

I have the impression that a nurse looks at them [the responses], I don’t know if the physician 
maybe also looks at it, just to see if there is anything [the responses] that stands out, is there 
anything we [the healthcare professionals] should pay attention to? And then, if it’s something 
that we’ve already talked about, well, then that’s just it. And if there’s anything new, well, then 
they get hold of me. That’s sort of my impression of what happens.

This perception, that a nurse always received their response, was present among most of 
the patients interviewed; the delegation to algorithm remained unknown to them. To the 
physician and the nurses, the use of algorithms is enacted as a continuation based on their 
professional experiences and beliefs; while to the patients, treatment is perceived as 
‘business as usual’, since they are unaware of the algorithmic sorting. It could be that 
patients too would consider the use of the algorithm as a matter of continuation, if they 
were aware of its function and the reason for delegation to an algorithm. However, it may 
also be that patients would actually perceive it in more disruptive terms, as predicted by 
Researcher 1.

Concluding remarks

We have demonstrated how at the political level PRO-tools in clinical practice are 
enacted primarily as tools for organisational improvement, drawing on a logic of disrup-
tion. At this political level, it is the algorithmic tools’ potential of improving inefficient 
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and unstructured ways of organising healthcare that is being highlighted. However, in the 
national clinical coordination group and in clinical practice, PRO-tools are to a large 
extent enacted as a continuation of existing practices and physicians’ authority. Here, it 
is not the algorithm’s disruptive character that paves the way, rather it is its reproduction 
of existing practices. The analytical framework thereby provides an understanding of 
how at a political level the delegation to algorithms gains legitimacy through a logic of 
disruption, whereas at a more local level this delegation, generally speaking, gains legiti-
macy on the basis of a logic of continuation. What therefore emerges is a picture of a dual 
impetus for the use of algorithms, based on two seemingly opposing logics. However, 
and as we have tried to show, the two logics should not be seen as mutually exclusive 
‘thought systems’ – rather, they constitute situated and sometimes co-existing ways of 
making sense in continuation with historically specific, local practices (Mol, 2008). At 
the same time, this co-existence of seemingly opposing logics may be explained by an 
interaction between locally enacted logics and a larger seductive, cultural narrative of 
promise and hope often associated with medical technological solutions and quantifica-
tion (Good, 2001; Hoeyer, 2019; Merry, 2016).

Methodologically, combining the two sets of fieldworks has allowed for a unique 
opportunity to observe and find confirmation for the presence of more logics associated 
with the clinical use of algorithms. However, given that the two fieldworks relate to vari-
ous areas of disease and were conducted in diverse settings this calls for reflections on 
how the contextual circumstances may have influenced our observations. Despite being 
diverse diseases, heart disease and cancer in this context share some essential common 
characteristics, both being diseases receiving immense attention when it comes to stand-
ardisation and organisational optimisation in an attempt to reduce number of deaths and 
economic burden on the health system. This for example has included the implementa-
tion of standardised patient pathways (Allen, 2009; Pedersen, 2017). Whether a logic of 
continuation is as present in legitimising algorithms within less standardised disease 
areas remains a question open to empirical enquiry. We therefore encourage future study 
to challenge our hypothesis and include disease areas characterised by various degrees of 
standardisation. Although this study concerns a specific algorithmic arrangement, we 
believe that the analytical approach is also of relevance to studies of the application of 
other algorithms, as well as of more advanced machine-learning algorithms within 
healthcare. Applying such analytical approach, taking a symmetrical point of departure 
grounded both in the past and the present, would at the same time involve a response to 
the request for more empirically grounded explorations of these emerging arrangements 
(Lee and Björklund Larsen, 2019).

Paying analytical attention to a logic of continuation provides an understanding of 
how at the clinical level the delegation to the algorithm progresses almost frictionlessly. 
Our findings suggest how this seems to hinder the open discussion and addressing of 
potentially problematic new issues introduced with automated decision-support. 
However, we did observe moments of tension, indicating that questions about the trans-
parency of the algorithm were not fully settled. This tension also appeared during inter-
views and observations with patients where some patients were surprised to know that 
their responses were automatically sorted. These moments of tension caused an ethical 
dilemma. Should Rikke be the one who ‘revealed’ the delegation to the algorithm? In the 
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first interviews, she had not expected that patients would be unaware of the delegation. 
If asked, or if patients expressed uncertainty about the procedure, Rikke explained how 
responses were handled. She made sure that patients knew that they could contact the 
nurses or the physician leading the project if they felt uncertain about anything and made 
sure that patients had the telephone number of the clinic. Rikke also told patients that 
they could contact her. As such she became ‘a-human-in-the-loop’ (Citron and Pasquale, 
2014) engaging in some of the ‘repair work’ (Schwennesen, 2019) which, looking to the 
future, is likely to be increasingly in demand as algorithms proliferate in healthcare and 
beyond.

The observed moments of tension disclose questions that are not fully addressed when 
it comes to the delegation of clinical decision-making power to algorithms. How will 
patients experience this delegation? What will it mean to the relationship between health-
care provider and patient, and to credibility within that relationship? With delegation to 
algorithms being already such an intrinsic part of healthcare, it is difficult to determine in 
what situations patients are to know about it and in what situations they are not. The need 
to consider and discuss these questions seems especially relevant in relation to clinical-
decision support tools such as PRO, as these are implemented with the purpose of also 
attaining more patient involvement, and therefore constitute critical questions for future 
studies to address. More well-rehearsed, but still highly important discussions to explore in 
more detail are the implications of the proliferation of algorithmic tools for clinical exper-
tise and for the working conditions of the individual clinicians. Questions already pointed 
out in relation to general standardisation efforts (Berg, 1997a; Pedersen, 2017; Timmermans 
and Berg, 2003; Traynor, 2009) concern how standardisation shape a particular under-
standings of professional and clinical autonomy (Timmermans and Berg, 2003) and 
whether it leads to an impairment of clinical judgement (Pedersen, 2017) and may result in 
a ‘de-skilling’ or a ‘re-skilling’ of professionals (Berg, 1997a). Considering how notable a 
change the use of algorithms is to healthcare professionals individual judgement (Justesen 
and Plesner, 2018) and how in most cases the algorithmic sorting will not leave room for 
individual adjustment, we once again need to consider the implications for clinical exper-
tise and for the working conditions of the individual clinicians. This leads to the question 
of whether the use of algorithms will erode the development of clinical judgement in the 
future? As algorithms – as also argued by our informants – build on current expertise, what 
will this mean to the development of expertise and clinical judgement among less experi-
enced healthcare professionals? And since healthcare professionals only gets to handle the 
special and complex cases sorted out by an algorithm (Justesen and Plesner, 2018) – mean-
ing that in their daily work they are prevented from following the more ‘normal’ cases – 
what does this means in terms of ‘knowing one’s patients’ and making clinical decisions? 
Such questions need to be examined through future empirical studies of the practices 
around healthcare professionals’ clinical practice and decision-making when carried out in 
relation to or being supported by algorithmic systems.
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