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RESEARCH ARTICLE

Liminal innovation practices: questioning three common
assumptions in responsible innovation
Mayli Mertens

Department of Philosophy, University of Twente, Enschede, Netherlands

ABSTRACT
Although the concept of Responsible Innovation (RI) has been applied
to different types of innovations, three common assumptions have
remained the same. First, emerging technologies require assessment
because of their radical novelty and unpredictability. Second, early
assessment is necessary to impact the innovation trajectory. Third,
anticipation of unknowns is needed to prepare for the
unpredictable. I argue that these assumptions do not hold for liminal
innovation practices in clinical settings, which are defined by
continuous transition on both sides of the threshold between
experiment and implementation, and between research and care.
First of all, technologies at the center of liminal innovation practices
have different characteristics than those typically attributed to
emerging technologies. Additionally, the innovation trajectory is
significantly different allowing continuous assessment and shaping
long after implementation. Finally, these differences demand a
reorientation in RI approaches for these cases, away from
anticipation of the unknown and uncertain, and returning to
observation of the known and predictable.

ARTICLE HISTORY
Received 20 December 2017
Accepted 9 May 2018

KEYWORDS
Responsible innovation;
liminal innovation; emerging
technologies; anticipation;
clinical practice; postanoxic
coma; practice-based
methods

1. Introduction

Many Responsible Innovation (RI) scholars make the following three basic assumptions.
First, emerging technologies require assessment because of their radical novelty and
unpredictability. Second, early assessment is necessary to impact the innovation trajectory.
Third, anticipation of the unknown is needed to prepare for what cannot be predicted. In
this paper, I aim to broaden the common understanding of RI by identifying a specific way
of innovating, especially in clinical settings, for which these assumptions do not hold – but
which nonetheless require critical reflection and shaping. I argue on the basis of empirical
findings, from performing observations and conducting qualitative interviews. After intro-
ducing the concept of liminal1 innovation practices, which are defined by continuous tran-
sition on both sides of the threshold between experiment and implementation, I suggest
that these characteristics require a reorientation in the methodologies and approaches
offered in the field of RI. Liminal innovation practices demand a move away from
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anticipation of the unknown and unpredictable, and returning to observation of the
known and predictable.

2. Case study: RI in prognosis of postanoxic coma

Ninety percent of out-of-hospital cardiac arrests are lethal and most of the people who are
successfully reanimated nevertheless remain unconscious (Taccone et al. 2014). They are
admitted to the Intensive Care Unit (ICU) in what is called postanoxic coma. Brain injury
remains the most common cause of death in these patients, and survivors likely have
suffered neurological damage.

Unfortunately, the prognostic tools to predict neurological outcome are limited. Cur-
rently, only two indicators for poor prognosis in these patients exist, both focused on the
brainstem.2 Death or severe disorders of consciousness like vegetative state or minimally
conscious state can be predicted for some patients by testing brainstem reflexes. Yet
through these methods, only a fraction of all patients with poor outcome can be identified
as such. In addition, these indicators tell us nothing about the likelihood of good outcome.

Other technologies (e.g. serum biomarkers, several neuroimaging techniques) have
been researched to improve the multimodal prognostic practice, but the use of electro-
encephalogram (EEG) seems to hold most promise. In the past, EEG-monitoring led to
the identification of specific patterns in brain activity (Scollo-Lavizzari and Bassetti
1987). More recent research with continuous EEG (cEEG) gives reason to believe that
the development of those patterns over time can provide a robust contributor to the pre-
diction of both good and poor outcomes in this patient group, possibly within the first 24
hours after reanimation (Hofmeijer et al. 2015; Spalletti et al. 2016).

Nevertheless, it is not evident that cEEG as a new technology emerging in this setting is
desirable. First, early prognosticationmay have an impact on withdrawal of care; for patients
with a poor prognosis, early prediction could lead to early withdrawal of life sustaining treat-
ment, thus likely hastening the death of the patient. Additionally, the interpretation of cEEG
can be translated to quantified measures or combined with artificial intelligence techniques;
the quantification of cEEG and the use of algorithms and machine learning can move the
prognostic reasoning out of the healthcare professional’s sight.

Many ethical issues arise concerning medical futility. On the one hand, the potential for
physiological futility lays bare dilemmas regarding reliability, false positives, inter-rater
reliability, reversibility, and self-fulfilling prophecies. On the other hand, normative futility
calls attention to existing dilemmas regarding religion, value pluralism, human rights, sanc-
tity versus quality of life, reversibility,3 the danger of biases translated into algorithms and
machine learning, and differentiation of care and rehabilitation. These issues are especially
complicated when ‘poor prognosis’ is not clearly and universally defined. In addition, there
are also many resource allocation concerns at stake. Think of dilemmas regarding healthcare
policy, general policies, cost–benefit analyses, and organ donation.

The many concerns that the novel use of cEEG in this setting raises, unveils the dire
need to ensure that this innovation is developed responsibly. They motivate the use of
RI by eliciting the following questions: Is implementation of this innovation desirable?
And if so, under which conditions can it be considered responsible? While investigating
how to best answer these questions, I became aware of assumptions in the RI discourse
that demand reflection on RI’s concept and methodologies.
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3. Assumptions in RI

3.1. Background

RI as a field of study has recently gained a lot of traction. The concept and framework of RI
(von Schomberg 2011, 2013; Stilgoe, Owen, and Macnaghten 2013), its features (Owen,
Macnaghten, and Stilgoe 2012) and dimensions (Stilgoe, Owen, and Macnaghten 2013)
developed in close connection with the concept of emerging technologies.

The basic tenet of RI is that new technologies warrant societal and ethical deliberation
and that these deliberations should then influence the shaping of said technologies. More-
over, such deliberation and shaping should take place at a stage when technologies are only
emerging, and hence more malleable. However, the use and meaning of ‘emerging tech-
nologies’ have varied with time and places where RI has been promoted.

Initially, RI really took off around 2001 when large scale national programs (in the
United States4 and to a lesser extent in Europe) focused on conducting research and devel-
opment on nanotechnology; technologies thought to exemplify the ‘new and emerging’
because of the ‘potentially high stakes, uncertainty, and possible adverse effects’ (Funto-
wicz and Ravetz 1993; Barben et al. 2008, 979; Guston et al. 2014, 2–3). Other quintessen-
tial examples are genetic modification and synthetic biology, information and
communication technology, artificial intelligence, and geoengineering (Owen, Mac-
naghten, and Stilgoe 2012, 752; Guston et al. 2014, 2). Additionally, RI has been linked
to the notion of grand challenges, especially in Europe,5 which has foregrounded RI as
a way to reflect on how to creatively use these emerging technologies for addressing
urgent social and environmental problems (Kuhlmann and Rip 2014). Finally, and par-
tially as a result of the European Commission’s promotion of RI through its framework
for research (The Directorate-General for Research and Innovation of the European Com-
mission 2013) and funding schemes on both European and national level (e.g. Horizon
2020, NWO, The Research Council of Norway6), RI has been used for assessing concrete
emerging technologies in specific areas like biomedicine and military technology.

In this third context, research proposals for RI became increasingly technology-driven,
no longer focusing on the typical emerging technology. All new applications of (emerging)
technologies (such as different uses of drones, CRISPR, smart urban energy systems, ‘killer
robots’, personalized medicine, etc.7) now become the subject of RI. Funded for a large
part by NWO, the Dutch fund for scientific research, the project on cEEG described in
the introduction fits into that last context.

Although the following three assumptions in RI persist throughout the different ways in
which emerging technologies were contextualized, analysis of the case study shows they
may be problematic for this third context of more concrete technological innovations.

3.2. Assumption 1: emerging technologies, radically novel and highly
unpredictable

The first assumption is that ‘innovation’ in RI does not only continue to point mainly to
technological innovation,8 as criticized by Blok and Lemmens (2015). It seems to also
imply a radically novel technology that is either emerging in its conceptual stage or in
early stage of research and development. In their article, ‘What is an emerging technol-
ogy?’, Rotolo, Hicks, and Martin (2015) identify features such as radical novelty,
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prominent impact (often described as having disruptive effects) and uncertainty, as well as
ambiguity. These characteristics recur throughout the RI literature (for example, Stilgoe,
Owen, and Macnaghten 2013; Owen, Macnaghten, and Stilgoe 2012; von Schomberg,
2011; Schroeder and Ladikas 2015; Wender et al. 2014; Fisher et al. 2012; and van de
Poel 2009, 130). Fisher et al. (2012) say, for instance, that their paper on responsible
healthcare innovation considers ‘some of the potentially disruptive uncertainties sur-
rounding such innovations, focusing on societal and ethical issues often associated with
them’ (857–858). On account of these features, emerging technologies are thought to be
capable of changing the status quo. They are then met with a quite appropriate degree
of concern, since the unpredictability of their development cause undetermined, open,
and highly uncertain futures.

3.3. Assumption 2: impacting innovation trajectories early on

One of the central ideas in RI is that developers, researchers, and stakeholders can impact
the development of ‘emerging technologies’. This notion is not original to RI specifically, it
was adopted from previous strands of innovation studies and technology assessment. The
much referred to Collingridge dilemma symbolizes this thought well by saying that at the
beginning of the innovation process changes can be made easily, but it is hard to know
what changes are needed; while towards the end of the process – when we know what
changes are needed – it is much harder to implement them (Collingridge 1980). Although
the empirical validity of the claim that innovation progresses in a clear and linear way has
been criticized by RI scholars (van de Poel 2009, 2013; Fisher et al. 2012) most of RI’s
ambition is to impact the outcome, or at least the trajectory, of the technological inno-
vation and to do so in early stages of development (Grunwald and Achternbosch 2013).
For instance, one of the declared four dimensions of RI (Stilgoe, Owen, and Macnaghten
2013, 1572) as well as one of RI’s three main features (Owen, Macnaghten, and Stilgoe
2012) is ‘responsiveness’ with the specific aim to ‘influenc[e] the direction of [research
and innovation] and associated policy’ (751).

These potential impacts and influences, preferably early in the process, are predomi-
nantly based on the idea of a process developing progressively in time, in which there
are designated moments of decision-making, between the start of the innovation and its
ending. A more explicit example of this is the application of stage-gating in RI (Owen,
Macnaghten, and Stilgoe 2012, 756) a project managing technique pushing for artificial
division of a project in stages that are separated by decision points. This rationale, includ-
ing the concept of a clear ending and beginning, betrays the survival of a rather linear con-
ception of the innovation process.

3.4. Assumption 3: the need for anticipation

The third and last assumption follows from the previous two, i.e. because emerging tech-
nologies are thought to increase uncertainty and have a potential for prominent impact,
and because it is believed that we can impact the course of the innovation; anticipation
is thought to be a crucial step in the attempts to make innovation more responsible
(Fisher et al. 2012; Owen, Macnaghten, and Stilgoe 2012, 755; Stilgoe, Owen, and Mac-
naghten 2013, 1570; Guston 2014; Nordmann 2014, 87; Wender et al. 2014; Dickel and
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Schrape 2017). The aim of anticipation is not prediction, however, but rather to be pre-
pared for what cannot be predicted (Barben et al. 2008; Owen, Macnaghten, and Stilgoe
2012; Guston 2013) and to be able to avoid hazards and obtain advantages as well as
possible.

As Lucivero, Swierstra, and Boenink (2011) explain ‘The rationale for [early assess-
ment] is that it is preferable to anticipate developments when they are still malleable,
even if at this stage the future is still unknown and uncertain (129).’ One way to acknowl-
edge uncertainty and anticipate potential outcomes is through future imaginaries – for
example, by constructing scenarios in which speculations, estimations, and educated
guesses can be integrated. Better understanding the variations in how the technology
can perform and how users may change the innovation’s purpose can indeed help the dis-
cussion regarding desirability and the need for reflexive intervention (Grunwald 2004;
Barben et al. 2008; Selin 2008; Boenink, Swierstra, and Stemerding 2010; Swierstra and
Keulartz 2011).

These three assumptions as such are very intelligible and justifiable. So much so that
they have been adopted throughout the different contexts in which RI is used, even
though they may not be as suitable for the above-described third context where very
specific new developments are assessed through the RI lens. While I stumbled upon
discrepancies between the three assumptions above and the realities of the innovation
practice I studied, I recognized that this may be an issue with innovation in clinical
practice in general and perhaps with other RI projects that assess concrete
technologies.

4. Innovations in clinical settings: questioning the assumptions

4.1. Questioning assumption 1: technology meets incremental innovation

In contrast with the first assumption, research projects and developments in medical tech-
nology are not typically focused on the development of radically novel technology. Rather,
the simple addition of another variable – whether spatial, temporal, contextual, or techno-
logical – can lead to the emergence of a technological innovation. cEEG, for instance, con-
sists of a new application of an existing technology. Instead of having the EEG record one
moment in time or at intervals, it now records continuously for 72 hours. Other examples
of ‘new application, old technology’ can occur by combining two existing technologies. For
example, combining a positron emission tomography (PET) scanner with a computed
tomography (CT) scanner led to the creation of the PET-CT. This development, in
turn, helped spark the combination of PET (functional imaging) with magnetic resonance
imaging (MRI, soft tissue morphological imaging), from which the PET-MRI emerged.

Another common innovation practice in this setting is to adopt an existing application
of an already established technology for a new patient group, another illness, or another
organ. cEEG, for instance, has recently also been researched as a tool to diagnose delirium
(van der Kooi et al. 2012; Naeije et al. 2014). Other examples are the innovative uses of
MRI and endoscopes, i.e. flexible tubes with a light and camera meant for internal
visual examination. An MRI was first used to detect cancers, but thanks to its ability to
differentiate so clearly between grey and white matter, it was further developed for study-
ing the central nervous system and detect conditions like dementia, cerebrovascular
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disease, epilepsy, etc. There are currently over 10 applications of endoscopes, each of these
focusing on a different part of the body.9

Although these are all examples of visualization and prognostic technologies, the same
can be said about more invasive technologies or even some developments in medication.
Pacemakers, for example, opened the pathway for implantable cardioverter defibrillators
(ICD) and deep brain stimulation (sometimes even referred to as a brain pacemaker).
Some medication has side effects that cause off-label use which in turn sparks research
on the development of a new drug.

None of these technological innovations represent the kind of radical novelty that is
generally referred to in the RI literature. Innovation in clinical settings is more about
‘making things new’, rather than ‘making new things’. And even though these innovations
can nevertheless result in prominent impact (by hastening withdrawal of life sustaining
treatment, for instance), they are mostly incremental as opposed to suddenly disruptive
developments. Uncertainty remains but to a different degree. The incremental innovations
are not necessarily unpredictable in and of themselves. What is feasible in each innovative
step is for the largest part already known. It is known, for instance, that EEG is capable of
recording brain wave activity. What is still unknown about this technology is its prognos-
tic value in postanoxic coma and the effects it may have. The future is not as open, as
undetermined, and, therefore, not as highly uncertain as it is in light of the standard con-
ception of emerging technologies.

A question then worth raising is whether perhaps these examples of technological inno-
vation should not be referred to as ‘emerging technologies’ at all. The term may have
seemed apt for concrete innovative technologies, initially, to justify the need for an RI
approach and attract funding accordingly. Since these innovations indeed require an RI
lens, identifying them as emerging technologies may have broadened the scope of what
‘new and emerging technologies’ entails. Their characteristics may have evolved under
these funding programs to include other types of innovations. If so, we are left to
accept they fall under the term ‘emerging technology’ despite the fact that they may not
share the same traits. If we find this unsatisfactory, we must find different labels for
different types of innovations that necessitate RI approaches. The latter being my preferred
conclusion, I will offer a new term for the innovation I study. However, whether or not we
need differentiation in terminology, either way, the kinds of technological innovation that
require RI assessment have certainly evolved and it is time RI evolves with them. There-
fore, RI researchers must ask themselves time and again whether the various innovations
they study actually resemble the ones RI used to focus on in the past.

4.2. Questioning assumption 2: a continuous lemniscate of innovation

Innovation patterns in clinical settings are certainly not linear. Incremental innovation
moves forward, backward, but also up and down. The three-dimensional process can
split several ways and is constantly revisited. One can see the development of new exper-
imental applications building on previous ones before the latter are firmly implemented in
clinical care. A secondary or incidental finding may spark new research, even when the
original research gets abandoned. The transitional phase of innovation, therefore, seems
to never end, even if it is sometimes interrupted or side-tracked. The upside is that
room for change and impact always remains.
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Unlike what the Collingridge dilemma claims, these practices continue to be flexible;
innovations remain malleable, even after implementation.10 For instance, since 2002, fol-
lowing two pivotal trials, postanoxic patients arriving at the ICU are almost always treated
with therapeutic hypothermia for the first 24 hours in order to prevent further neurologi-
cal damage (Bernard et al. 2002; Holzer et al. 2002). In many hospitals, this means the
patients are cooled down to 33°C. Over a decade later, in 2013, a new international trial
showed that ‘hypothermia at a targeted temperature of 33°C did not confer a benefit as
compared with a targeted temperature of 36°C’ (Nielsen et al. 2013)

In one of the hospitals where cooling is now limited to 36°C simply to prevent fever, an
intensivist demonstrates during an interview how he explains medical research to families:

Right now, the patient is treated at 36 degrees. Five years ago, I was sitting here in this very
room with your predecessors asking them ‘would you be okay with your father participating
in a study in which we randomize between 33 and 36 degrees’ and in five years from now I’ll
be asking people something else but then the previous thing will have become part of struc-
tural treatment. This is how it works. It’s a continuous process and a continuous attempt to
improve, in which we also implement things every now and then that are worse. Then you
find out years later that is has to be different.11

About cEEG this respondent then added:

I don’t see this as a fixated new development or anything. I always tell family, ‘the way your
[family member] is treated now, is something we learned 5 years ago’. And aside from the fact
that we now apply some EEG things, we’re also learning new things and those we’ll only
implement in two or three years. So, this is a kind of step in between. Perhaps we’ll start,
well I don’t know what other things we could measure, maybe we’ll insert a catheter in
the retina or whatever, so yeah, this is just an intermediate step.

This respondent voices my concern that one cannot assume a linear trajectory because one
cannot assume a clear separation between the experimental phase and the phase of
implementation. In part, this is due to the lack of separation between research and care
in clinical settings, an issue I will discuss in depth later.

Since clinical care is in constant movement and incremental innovations are found and
tested continuously, it is in no way obvious where the innovation process begins or ends.
On the contrary, the clinical setting offers fertile ground for a never-ending transitional
phase of innovation practices. Even when one specific, incremental step in the process
can have a distinct beginning and ending, it can most likely only be identified in retrospect.

For RI, this means that although clear decisions on how to impact the trajectory can be
made, decisions can also be withdrawn, adjusted, or adapted. Sometimes impacting the
innovation trajectory means moving backward, but more often than not, it involves
getting side-tracked. The overarching, organic decision-making process underlying con-
tinuous, accumulating innovation is more like a three-dimensional, mostly expanding,
sometimes shrinking, lemniscate-shaped12 explosion of clusters, rather than a straight line.

4.3. Questioning assumption 3: the need for anticipation in clinical settings

As previously explained, the assumed need for anticipation in RI rests on the first two
assumptions regarding the characteristics of emerging technologies and the decision-
making processes aiming to impact the innovation’s trajectory. If these assumptions are
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not fulfilled in the kind of innovation described here, should we then not reconsider the
need for anticipation in these cases?

Although some characteristics of emerging technologies such as radical novelty and
unpredictability leading to high levels of uncertainty may not be representative for tech-
nological innovations such as cEEG, the latter’s implementation can nevertheless cause
prominent impact. Therefore, assessment of the technology, its effect, and desirability is
still called for. But since the non-linear course of the innovation allows for more
flexible decision-making processes, including the possibility to continuously steer and
shape, we may have better ways to be responsive.

One of the advantages here is that the innovation process, including the ‘unknown
factors’, can be observed in real-time, as they emerge. Because research takes place –
and can only take place – within the planned context of implementation, we can study
the impacts of the innovation ‘in vivo’. The use of cEEG for detecting brain damage
after cardiac arrest, for example, can only be researched by applying it to actual coma
patients in the ICU. The effects of implementation are already expressing themselves,
and the assessment of potential pathways can be done based on observations of the
care practices during research. Ongoing monitoring and adjusting (Guston and Sarewitz
2002, 99–100; Grunwald 2004, 36; van de Poel 2009, 139–140; Nordmann 2014, 95), even
after implementation, are therefore excellent RI approaches.

To be fair, anticipation is not only argued for because of uncertainty about the perfor-
mativity of the emerging technology. Uncertainty may exist also about how the emerging
technology will be used. While social uncertainty in these practices is equally relevant and
important to study as it is with the more radically novel technologies, it is again different in
degree. In asking ‘how will users interact with the technology’, we must recognize that the
use of the innovation within clinical settings is mostly restricted and controlled. For
instance, the possibility for trained healthcare professionals to use the innovative appli-
cation in a different way than prescribed, will only be permitted (but within that restriction
often encouraged) as part of new research, which may then lead to the next incremental
step in the ongoing, continuous innovation process.

Finally, I would like to address the sensible counterargument that anticipation as tra-
ditionally referred to in RI is nevertheless useful when assessing the overarching trajectory
of this type of innovation practices. Even though these incremental innovations are signifi-
cantly different, in combination or through accumulation, they may nevertheless end up
being uncontrollable or unpredictable. The more radical impacts and the unforeseeable,
therefore, lie in the overarching trajectory rather than in single innovations.

Not only is this a legitimate response, it is especially important to consider the over-
arching trajectory in the clinical setting. The controlled, systematic, and incremental inno-
vation processes in clinical settings may, in fact, give the impression that there is no reason
to anticipate prominent effects that can come about through accumulation, or that the
long-term combined effects cannot be disruptive when we gradually ease into significant
change. The application of cEEG may be easier to observe, assess, and shape accordingly,
but when deep machine learning is used in combination with cEEG in order to quantify
the interpretation of the pattern development, issues that were considered manageable and
appropriate may resurface in ways that are no longer acceptable.

One just needs to remain aware that the ultimate outcome of all accumulated increments
of innovation in clinical settings (some of which are happening simultaneously) is much
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harder to observe or control than its individual parts. In addition, the overall outcome may
be much more disruptive and unpredictable. These overarching trajectories are fertile
ground for the technologically induced change of the moral landscape, otherwise known
as techno-moral change (Swierstra, Stemerding, and Boenink 2009), and, as such, they
need to be studied. Although observing any single emerging technology in order to discover
immediate pathways is equally necessary, it tends to keep the dangers of more distant or
combined effects out of sight. However, this is not a matter of either-or but one of both-
and. We need to do both, and ask ourselves what is needed when? However interesting
and useful scenario-building approaches, for instance, may be for the overarching trajec-
tory, they are not very helpful for the incremental, singular innovation. Clearly, then, my
criticism of the typical modes of anticipation only applies to the RI assessment of the latter.

5. Betwixt and between: liminal innovation practices in clinical settings

Thus far, I demonstrated how innovations in postanoxic care and other clinical inno-
vations like it are different from innovation processes usually studied under RI and how
those differences challenge three common assumptions. As I previously suggested, a
new term for this type of innovation would offer conceptual clarity.

While studying innovation in prognosis of postanoxic coma, I identified some distinct
characteristics of what I will call liminality, which I believe are the reason why this inno-
vation practice does not validate the assumptions described above.

‘Liminality’ is a rather uncommon term derived from the Latin word ‘limen’, meaning
threshold. The term ‘liminal’ first appeared in 1884, in a psychology publication (La Shure
2005). In 1909, Van Gennep introduced the term to the field of anthropology through his
work ‘Les Rites de Passage’. However, it was Victor Turner, another anthropologist, who
really publicized the term through his theory of liminality. As Turner states,

Liminality may perhaps be regarded as the Nay to all positive structural assertions, but as in
some sense the source of them all, and, more than that, as a realm of pure possibility whence
novel configurations of ideas and relations may arise. (1967, 97)

Some dictionary definitions of liminal13 are (1) occupying a position at, or on both sides
of, a boundary or threshold; (2) between, or belonging to two different places; and (3)
relating to a transitional or initial stage of a process. Similar to Turner’s account of the
status of liminal individuals, I too argue that the status of liminal innovation practices
in clinical settings is socially and structurally ambiguous.

5.1. Between research and care, between experimentation and implementation

First, liminal innovation practices are placed at, and on both sides, of the threshold
between research and care. Researchers and policy makers may assume or even want a dis-
tinctive separation, but the boundaries between the two are often much more complicated
(United States 1978; Beauchamp and Saghai 2012). For innovation practices in the clinical
setting, it is often an artificial one. Ideally, the researched technology or application is not
at all present in care. Here, however, there is no other way than to apply the researched
technology to the patient within the care practice14 which is also the anticipated
context of use. In other words, partial implementation is a condition for experimentation.

JOURNAL OF RESPONSIBLE INNOVATION 9



Even so, the idea remains that the technology is only present for research purposes.
This ideal is often pursued too. In one hospital’s ICU, for instance, EEG machines were
connected and put in the patient’s room, but facing the wall, preferably with the monitors
turned off, and covered with a sheet so as not to interfere with standard care. The cEEG
monitoring was thus kept out of sight, quite literally. Nevertheless, after research resulted
in several publications, before new clinical guidelines were drafted, healthcare pro-
fessionals told me of their interpretation of cEEG monitoring and the basis for that
interpretation. One intensivist, after being asked whether it was helpful in any way to
have the EEG continuously monitoring, responded:

Yes, sure. It’s exciting! I peek every now and then. If it’s starts showing something nice again
after 12 hours, or if it’s still dramatic stuff after 24 hours, then those are things that make me
say, in my opinion it’s all going to work out or, it’s not going well at all. [… ] But I’m no
neurologist, I can’t really interpret those EEG-patterns, I can more or less,… I’ve got a bit
of an idea from all the patients that lie here, of course; the images that come passing by. [
… ] But okay, perhaps I should take a course sometime.

Another factor adding to the liminal character of the innovation practice is that research-
ers often remain part of the regular clinical practice alongside their research activities.
When treating a patient, they ought to not include their knowledge about the EEG-pat-
terns. Yet how does one’s professional opinion remain untouched by one’s scientific find-
ings when the use of a new technology is entering an intermediate stage, suspended
between care and research?

When technology can be researched only by applying it in the anticipated context of
use, users find themselves midway between experiment and implementation. Healthcare
professionals, developers, and policy makers start thinking along, whether for or against
the innovative practice. Questions, comments, concerns, and feedback may not come
only from the medical personnel, but also from patients and family members. ‘What’s
this for?’ ‘If it’s there, why don’t you include it?’ ‘It must say something.’ One of the
family members of a patient gave an extensive description of their interpretation of the
cEEG and the effect it had on them:

If I had seen two or three of those thingies just following a straight line or not producing
scores continuously, or one producing a lot and the other very little – because I just saw
the same kind continuously. They were all… There was not one outlier up or down or a
straight part or anything. I obviously stood and looked at it for quite some time. I was think-
ing, what is this thing telling us? And really, I found that at least some of the brain was still
working everywhere. To me that meant nothing but good news. That was my conclusion. [
… ] That’s the idea l had. And this gave me hope. [… ] It gave me hope that there was activity
everywhere, brain activity. Even if it was just a little bit and even if it wasn’t equally high
across the board. But it gave me hope.

Even a clear distinction between which aspects serve care and which serve research does
not really work on the long run. The two practices are not just intertwined or inseparable;
they are intrinsic to one another. There would be no need for researching a new prognostic
tool for postanoxic coma, if healthcare professionals and families did not suffer from the
uncertainty regarding the patient’s cognitive state and its consequences. And only with
patients who are actually in postanoxic coma, can the most productive research on prog-
nostication of such a coma take place. Both practices are in constant communication
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through feedback loops. Consequently, they cannot help but shape one another. And this
cyclical pattern brings me to another liminal characteristic.

5.2. Between previous and future innovation

These innovation practices embody a transitional stage, not only between research and
care and between an experimental phase and a phase of implementation, but, additionally,
between previous innovations and future ones. As described earlier, the constant reinven-
tion of medical technologies and their uses causes a seemingly never-ending transitional
phase where one innovation serves as a building block, or a kick starter, for another
one. In this process, each separate incremental innovation may get embedded fully, par-
tially, or not at all. Secondary findings may lead to new innovative research. For example,
EEG was originally developed simply to capture electrical activity in the brain. Its use in
the clinical field started only after epileptiform spikes were demonstrated as an indication
of epileptic activity. EEG had been pursued for the prognosis of neurological damage after
cardiac arrest before, which in 1987 only led to the distinction of five rough categories of
brain activity (Scollo-Lavizzari and Bassetti 1987). By exploring cEEG recordings,
researchers discovered the significance of patterns developing over time. Alongside this
evolution, though, other applications of (c)EEG were explored, researched, developed,
and implemented or dropped. As one respondent explained: ‘I think we’ll be able to get
more out of the EEG than we already do now. And I think there are new things
coming at us that we don’t know yet.’ The combination of cEEG with deep machine learn-
ing is already confirming that idea.

Although each of these innovations represents only an increment of a much larger,
overarching evolution, each novel application of EEG is a technological innovation in
its own right and needs to be assessed as such.

5.3. Not yet used, yet not ‘not used’

Finally, in such innovation practices the researched technology (or application) is not yet
used in care, but it is not ‘not used’ either. As strange as that may sound, this kind of
duality where two seemingly opposing views of reality coincide is not entirely uncommon.
Observing the ‘use’ of cEEG during research reminded me of the wave-particle duality
concept for explaining the phenomena of light, about which Einstein and Infeld (1938)
wrote: ‘We are faced with a new kind of difficulty. We have two contradictory pictures
of reality; separately neither of them fully explains the phenomena of light, but together
they do.’ Or, as Turner (1969, 95) says, ‘Liminal entities are neither here nor there; they
are betwixt and between the positions assigned and arrayed by law, custom, convention,
and ceremony’.

The moment a technology or its application exists, it creates new choices that were not
there before and, therefore, can no longer be ignored. Once the choice architecture has
been changed, even merely ignoring the technology and disregarding its effect is a
choice. In these particular innovation practices, the new choices are emerging within
the environment where they (will) ultimately matter. The fact that users find themselves
in this liminal space causes ambiguous responses to these choices.
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For example, one of the patients I followed, under the current protocol would be labeled
as a ‘grey zone’ case, meaning it cannot be predicted whether this person will come out on
the good or bad side of the recovery spectrum. The innovative application of cEEG,
however, predicted bad neurological outcome. As a result, the doctor communicated to
the family that ‘a brain film’ was recorded which, following the newest research indicated
a negative outcome but since this technology was not yet established, they would give it
another week following standard care protocol. Here, the doctor is explaining how he’s
not ‘using’ the technology, while nevertheless using it, if only to prepare the family for
what is to come.

At some point in the innovation process, the use might ultimately tip over to full
integration in the clinical practice, but it is a gradual evolution that does not occur
everywhere simultaneously. For example, another intensivist from another hospital
said in an interview ‘Now it’s the case that when the EEG is really very good after 12
hours, I tell the family that “well, it certainly looks good. I’m confident that it will be
alright.’” When asked if he would inform them also about a negative prediction
coming from the EEG he said yes. This kind of communication does not necessarily
mean that decisions on whether or not to withdraw care are already, or explicitly,
based on the innovative technology. Those statements do, however, actively contribute
to cEEG playing an increasingly greater role in the care setting, while moving toward
full implementation.

The structural place of cEEG monitoring is ambiguous too. In a hospital where it has
been decided not to use cEEG in prognosis (thus solely for research), monitoring seems
nevertheless to be part of the standard care protocol. When the wife of a patient asked
healthcare professionals what the EEG was for, the response she got was, ‘Oh, we
always do this, it’s kind of standard procedure. We usually do it right away, but earlier
there was no machine available.’ She did not get an answer about what the machine
was doing though, and her impression was that the people she asked did not really
know either. I checked with several IC-nurses and many of them indeed are not sure
exactly what the EEG’s precise function is.

Working in anthropology, Turner explains that liminal individuals have ‘no status,
insignia, secular clothing, rank, kinship position, nothing to demarcate them structurally
from their fellows’ (1967, 98) Similarly, cEEGmonitoring seems to have no clear status nor
can it be clearly differentiated from other applications that are fully embedded, or from
those that are purely there for research.

Perhaps the most fascinating and telling factor about this ambiguous status is that cEEG
monitoring as a so-called standard procedure complicates the concept of informed
consent. In an interview with the previous respondent’s husband, he says ‘They can
research all they want. As long as it is to advance medical science, great! But they
could’ve told my wife and children what they’re doing, what kind of research it is.’

When pressing researchers on this matter, they admit that it is a bit of a ‘grey zone’.
Monitoring is non-invasive, the patient is unconscious, and the family often has not
arrived yet. Since starting the cEEG as early as possible is regarded as part of providing
the best possible care for the patient, it is assumed that the family and patient give
consent for that, the moment they step into the hospital. The wife of the recovered
patient agrees with that premise:
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Of course, by going to the hospital you’re in fact giving permission to examinations and treat-
ment anyhow. But in that case, one would hope, that when something comes out of that
examination, we will be told. [… ] Even if these are preliminary findings.

This case reveals the ambiguity between what counts as a research project, and what does
not. Even when a research project ends, the monitoring – and subsequent data collection –
often continues. Policy for research projects on human subjects is well-defined, but there is
no policy for how to deal with innovations that are semi-implemented but no longer sys-
tematically researched. Is it then research, or is it standard practice? The questions the
respondents raised are legitimate. If it is research, why is there no informed consent? If
it is standard testing, why are they not given the results?

I argue that, due to its liminal characteristics, innovation in postanoxic care and especially
the use of cEEG monitoring as a way to improve prognosis, is a remarkable example of a
liminal innovation practice. Seeing that other innovation practices in clinical settings have
similar features that contradict the aforementioned assumptions in RI, it is likely that
many of them are liminal, too. I do not have the empirical evidence to back this claim;
nor can I judge whether liminal innovation practices exist outside of clinical settings. Yet
unless this case is a peculiar anomaly for reasons I have been unable to notice, I assume
other scholars will recognize these liminal characteristics in their own RI research.

6. Meaning for RI approaches

If the characteristics of emerging technologies justify anticipation of a spectrum of possible
futures so that early assessment and shaping of these technologies can happen accordingly,
what do liminal characteristics change? What implications do liminal innovation practices
have for the methods and approaches in RI? I do not provide a systematic analysis of RI
approaches here, but simply offer some general directions that I found especially helpful in
my methodological reorientation to assess liminal innovation practices. To do justice to
the field of RI, a more thorough account would be required.

First, liminal innovation practices require practice-based RI approaches, away from
anticipation of the unforeseeable unknown, back to observation. Similar pleas already
exist in RI in general (Fisher, Mahajan, and Mitcham 2006; Boenink 2013; Guston
2013; Nordmann 2014; Boenink, van Lente, and Moors 2016), and in the case of
liminal innovation practices it would be nonsensical to plead for anything else. When
research can take place only in clinical settings with actual patients, the effects already
express themselves during research, meaning that we can study impacts as they emerge.
Moreover, by approaching these innovation practices anywhere outside of the research
setting, researchers would miss the opportunity to scrutinize the developments as they
unfold. This point is also made by van de Poel with his ‘Responsible Experimentation’
(2009, 2011), which advocates responsibly testing a technology in society precisely
because ‘uncertainty and ignorance are partly irreducible and, in as far as they can be
reduced, such reduction is an ongoing process’ (van Guston 2013, 353). Similar concerns
have also been expressed by real-time technology assessment advocates Guston and Sar-
ewitz (2002). Since liminal innovation practices are often ongoing, continuous monitoring
and reviewing is indeed of paramount importance. In light of this, one might think that
post-market surveillance (Jacobs, van de Poel, and Osseweijer 2010, 110; 1; 3) provides
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a solution. However, it is impossible to apply this ordinarily useful method to liminal inno-
vation practices, because the ongoing overlap between practice and research implies there
is no clear and proper market introduction. Precisely because there is no distinct post-
market phase, continuous monitoring of liminal practices should be encouraged.

Second, although I endorse RI’s focus on stakeholder engagement, the way in which
engagement can be organized differs. Liminal innovation practices enable stakeholders
to be included through their experience. The importance of experiential knowledge has
been increasingly acknowledged and illustrated by researchers in the field (e.g. Pols
2014; Caron-Flinterman, Broerse, and Bunders 2005). This knowledge is automatically
generated in liminal innovation practices. It would be a waste not to capture it. As
shown throughout this article, qualitative interviews with stakeholders who’ve been part
of, or confronted with, liminal innovation practices reflect in-depth knowledge about
how innovations express themselves in their context of implementation. Another prac-
tice-based approach of engagement is Fisher’s ‘midstream modulation’ (Fisher,
Mahajan, and Mitcham 2006). This ‘governance from within’ aims for participation
that sparks self-reflection. Since RI researchers often change the practice they observe
simply by being present, it may be more reflexive to choose consciously and responsibly
what the impact will be. In my experience, using interview protocols that probe for reflex-
ivity (Fisher 2007) is a constructive way of handling one’s presence as a researcher.
Additionally, it allows for deeper understanding of the observed professionals by giving
them room to explain their underlying rationale, give potential alternatives, and reflect
on why they chose one alternative over another.

Third, aside froma reorientation towards the study of practices andpractice-based inclusion
of stakeholders, I suggest doingmulti-contextualfieldwork.What really showswhen studying a
liminal innovation practice is that the effects of new technologies are significantly different
depending on the context in which they appear. Therefore, studyingmultiple sites will increase
our understanding of the spectrum of potential impacts. Additionally, including widely
different contexts in our assessment, for instance by doing comparative research in countries
with a very different cultural background, can help RI meet the demands of value pluralism.
For innovations in clinical settings where the ease of adoption is remarkably high, regardless
of the cultural or contextual differences, this is crucial. Modern hospitals all over the world
have very similar equipment. When a new application of EEG for example, arises in one
part of the world it can quickly be used in another. Fieldwork that takes account of practices
in the global South – and the far East for that matter – can help decrease the risk of ideological
coercion (Macnaghten et al. 2014, 192–193). Last but not least, a lot can be learned about how
the introduction of a new technology can change our values by looking at widely different con-
texts and cultures. Studying a variety of settingswhere different values apply canbe anotherway
to explore and thus anticipate technomoral change.

In short, for RI assessment of liminal innovation practices, I suggest practice-based
approaches that include continuous monitoring and reviewing, observations, and in-
depth, qualitative interviewing in multiple, preferably contrasting, locations.

7. Conclusion: different contexts require different approaches

The three assumptions I question in this article are not generally problematic, but when RI
is used in a different context like that of distinctive technological innovations, we must
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consider whether the assumptions thus far guiding RI still apply. I do not think liminal
innovation practices are the only kind of innovation that require a reorientation in RI
approaches. It just happened to be the one that sparked the following important questions:
Does the kind of innovation I study sufficiently resemble the kind of innovation the RI
framework was initially developed for? And if not, what characteristics are different?
Which assumptions do not make sense for the case I’m studying? And what does this
say about the method I must employ to assess this innovation? In order to fully grasp
which consequences liminal innovations should have for selecting and adjusting RI
methods, further exploration is required.

With this article, however, I hope I have shown that different contexts may demand
different approaches. It is, therefore, crucial to reassess our methods in light of the parti-
cularities of the contexts in which RI is used. Anticipation of potential futures may be
useful for emerging technologies like nanotech, artificial intelligence, synthetic biology,
or geoengineering. But the need for anticipation of unknown futures has yet to be
tested in the face of other innovative practices like liminal ones. This may be true for
other assumptions we have come to take for granted as well. Due to the variety of technol-
ogies studied in RI, I suggest adopting a critical approach to any future RI-project and the
method(s) it requires. Such attitude will further encourage a flexible concept of RI that
allows reinterpretation when new contexts demand it.

Notes

1. In Section 5, when we are in a better position to reflect on the significance of this type of inno-
vation practices, I will elaborate on the appropriateness of the label ‘liminality’.

2. Brainstem reflexes are tested through pupillary and corneal reflexes and through a somato-
sensory-evoked potentials (SSEP) test.

3. Reversibility can fall under physiological or normative futility, depending on whether or not
it is a matter of denial of potential reversibility or dismissal of the value of projected
reversibility.

4. The US National Nanotechnology Initiative was launched in 2001.
5. The European Union focusses on six Grand Challenges: Health, demographic change and

wellbeing; Food security, sustainable agriculture, marine and maritime research and the
bio-economy; Secure, clean and efficient energy; Smart, green and integrated transport;
Climate action, resource efficiency and raw materials; Inclusive, innovative and secure
societies.

6. ec.europa.eu/programmes/horizon2020/en; nwo-mvi.nl; forskningsradet.no/samansvar
7. For a comprehensive list of projects funded by the Dutch RI (MVI) program see www.nwo-

mvi.nl/projects
8. RI is sometimes promoted as less technology driven than the preceding ‘Technology Assess-

ment’ and ‘Ethical Legal and Social Aspects (ELSA) or Implications (ELSI)’ research. Yet, in
practice, the focus on technology in RI remains substantial. This restriction to technology is
explained by Godin (2009, 21), whereas the extension to ‘innovation’ represents a shift from
social shaping of technology, to the way the interaction of technology and society shapes
(technological) innovation (Grunwald, 2014, 25)

9. They range from bronchoscopy for the airways and colonoscopy for the colon and large
intestines, to arthroscopy for joints.

10. Since my research focussed on practices in research, university, and teaching hospitals, it may
be that other hospitals are less flexible. Yet the continuously adapting trend is generally
observable throughout national medical practice.
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11. All interviews quoted in this article were conducted as part of a larger qualitative empirical
study. For present purposes, however, quoted excerpts are not intended to provide substan-
tive support, but rather provide illustration in the voice of experiential experts.

12. The lemniscate or infinity-symbol ‘∞’ here symbolyzes the never-ending transitional phase
of innovation.

13. The dictionaries I consulted are: Oxford dictionaries and the Cambridge English dictionary. I
included all results.

14. One can imagine that, in the future, alternative ways – such as computer modeling, virtual
reality techniques, etc. – would be possible, rendering innovation through a clinical setting
potentially irresponsible.
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