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From Core Set to Assemblage: 
On the Dynamics of Exclusion and Inclusion 
in the Failure to Derive Beta Cells from Em-
bryonic Stem Cells 

Mike Michael, Steven Wainwright, Clare  Williams, Bobbie Farsides & 
Alan Cribb

In this paper, we examine the controversy surrounding the Lumelsky protocol (which 
potentially could have transformed the procedures for differentiating embryonic 
stem cells into beta cells for diabetes treatment). The protocol is analyzed initially 
using Collins’ core set model to show how the controversy over epistemic claims 
was resolved (and the Lumelsky protocol deemed to be a failure). This approach is 
then contrasted to an analysis in terms of scientifi c ‘assemblages’ characterized not 
by the resolution of epistemic controversy, but by the ‘irresolution’ or openness of 
social associations amongst scientists. We suggest that scientists who jumped on 
the ‘Lumelsky bandwagon’ can be rehabilitated, partly because of the recognized 
chronic uncertainty in the stem cell fi eld. Thus, alongside the judgement, resolution 
and exclusion mapped by core set analysis, there is ‘understanding’, irresolution and 
inclusion suggested by ‘assemblage analysis’.
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This paper provides an analysis of the 
dynamics of a dispersed scientifi c ‘as-
semblage’ concerned with the differen-
tiation of embryonic stem cells into in-
sulin-producing beta cells.1 Specifi cally, 
we present a preliminary examination 
of the resolution of the controversy sur-
rounding the Lumelsky protocol – a pro-
tocol which, it was claimed, could con-
vert embryonic stem cells into beta cells. 
Announcements about the Lumelsky 
protocol had an enormous impact, be-

cause it seemed to point to a way of pro-
ducing a potentially inexhaustible sup-
ply of beta cells for the treatment, and 
ultimately the cure, for Type I diabetes. 
As we shall see, the epistemic resolution 
of this controversy was that the Lumel-
sky protocol was generally deemed to be 
a failure. However, paralleling this proc-
ess of epistemic resolution, we argue, 
was an ongoing process of ‘irresolution’, 
where social possibilities and potentials 
were, by and large, kept open. We de-
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scribe the former process of epistemic 
‘resolution’ through Collins’ (1985) clas-
sic terminology of core set and experi-
menters’ regress, in which after resolu-
tion, scientifi c factions become exclud-
ed from the core set. By contrast, the 
process of ‘irresolution’ connotes a sort 
of diffuse inclusion which allows for the 
possibility of future connection between 
the ‘outsiders’ and ‘insiders’ of the core 
set. In elaborating this argument, we 
draw upon Wynne’s (2003) critique of 
Collins’ ‘propositional’ core set model 
by way of the emergent sociology of ex-
pectations (Brown and Michael, 2003). 

Stem cell research is an excellent ex-
ample of the uncertainty that charac-
terizes controversial science (Collins 
and Pinch, 1998). In what follows we 
demonstrate this by applying Collins’ 
related notions of the experimenters’ 
regress and the core set in a case study 
of contested science. Collins’ strategy, 
and ours, is to use quotations, gleaned 
from documents and interviews, with 
scientists involved in controversy in 
order to demonstrate that experimental 
data in themselves do not wholly deter-
mine when an experiment counts for or 
against a particular scientifi c hypothesis 
or theory. For example, if fi ndings from 
an experiment are not replicated in an-
other lab, the original group will often 
argue that this is because their proce-
dures were not properly followed: 

In controversies, it is invariably the 
case that scientists disagree not only 
about results, but also about the qual-
ity of each other’s work. This is what 
stops experiments being decisive and 
gives rise to the [experimenters’] re-
gress. (Collins and Pinch, 1998: 3)   

The experimenters’ regress is the prod-
uct of judgements on the competence 
of scientists, the equipment used, the 

meaning of the experiment and so on. 
All of these may be contested and the 
regress can only be broken through ne-
gotiations within a relatively small core 
set of researchers. This core set is expert 
and active in generating and resolving 
scientifi c controversies within their fi eld 
of science, through social consensus. 
Collins’ most famous example of these 
social practices is his 30 year study of the 
controversy of gravity waves amongst 
a core set of physicists (Collins, 1975; 
1985; 2004), where the relevant argu-
ments included “a morass of judgements 
on personal honesty, technical compe-
tence, institutional associations, style 
of presentation and nationality” (Lynch, 
1993: 88). Following Collins, one of our 
key aims is: 

To study those moments when what 
seems strange and new is being 
turned into what seems ordinary. 
Turning the strange into the taken-
for-granted is what science does in 
its laboratories, its conferences, its 
publications, and its publicity. A so-
ciological understanding of science, 
then, means mastering science after 
the fashion of a scientist, but it also 
means being able to step back far 
enough from that world to enable 
new ‘forms of life’ to be topics as well 
as accomplishments. (Collins, 2004: 
747)   

Now, in expanding on the notion of the 
core set into more ‘public science’ are-
nas, Collins (Collins and Evans, 2002) 
has attempted to demarcate the ways 
technical or contributory expertise 
might be differentiated from other forms 
of expertise (e.g. interactional). How-
ever, Wynne (2003) has argued that this 
account rests on the privileging of prop-
ositional truth (for example about the 
impacts of a particular innovation such 
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as nanotechnology) to the exclusion of 
the analysis of the political and cultural 
assumptions embedded in such proposi-
tional knowledge claims. In other words, 
for ‘public science’, the technicalities of 
knowledge claims embody assumptions 
about the ways questions are framed 
and thus the way knowledges are valor-
ized, not least those of lay constituen-
cies whose frameworks of knowledge 
might be radically different (see Leach 
et al., 2005).2

In the present case, we take a cue 
from Wynne’s critique to examine how 
the resolution of a particular contro-
versy within stem cell science—specifi -
cally, the establishment of a consensus 
around the failure of the Lumelsky pro-
tocol for the differentiation of embryon-
ic stem cells into beta cells—entails both 
propositional knowledge claims and 
more diffuse social ‘stakes’ within the 
scientifi c ‘assemblage’. In particular, we 
will argue, the discrediting of the proto-
col marks not only the breaking of the 
experimenters’ regress and the triumph 
of a given faction within the core set, it 
also refl ects and mediates continuing 
research associations into the future. In 
other words, and this is central to this 
paper, the exclusion of the now discred-
ited faction of the core set accomplished 
through the epistemic closure of the con-
troversy is paralleled by leaving socially 
open the possibility of future inclusion 
of that faction – inclusion in the form of 
associations that can range from formal 
collaborations through to continued in-
formal dialogue. 

On this score, we draw upon recent 
work within STS on the role of expecta-
tions in structuring technoscientifi c en-
deavour (Van Lente, 1993; Brown et al., 
2000; Brown and Michael, 2003). How-
ever, we depart from this literature by 
paying attention less to explicit future 
scenarios than to the way scientists’ ac-

counts presuppose inexplicit, vague or 
open futures occupied by social pos-
sibilities (for example, collaboration 
or dialogue).3 As we shall show, in the 
present case, the exclusion wrought by 
discrediting others rests partly on ac-
cusations of their ‘jumping on the band-
wagon’; yet this is counterposed to the 
‘understandability’ of such bandwagon-
ing because of the nature of the fi eld. In a 
context of high and chronic uncertainty, 
bandwagoning is socially understand-
able and thus ‘forgivable’: it is this that 
allows for the possibility of subsequent 
re-inclusion. 

In what follows we will provide a brief 
background to the science, followed by 
an account of the controversy over the 
Lumelsky protocol and its eventual, 
generally accepted, failure. In keeping 
with Collins’ analytic, we note that this 
failure partly rested on establishing ex-
perimental criteria that were credibly 
attainable only by particular scientists 
(beta cell specialists). However, if in the 
process the experimenters’ regress is 
broken, and the core set reconfi gured, 
those who ‘jumped onto the Lumelsky 
bandwagon’ can have their credibility 
endangered. These ‘others’ are still how-
ever, part of the scientifi c assemblage 
that is studying the differentiation of 
stem cells. We propose that what enables 
their continued credibility is the way 
in which the scientifi c fi eld is generally 
characterized – a characterization that 
takes note of high chronic uncertainty. 
This uncertainty makes understand-
able their bandwagoning. We illustrate 
this chronic uncertainty with numerous 
accounts of the routine problems that 
beset the experimental differentiation 
of stem cells into beta cells. In conclud-
ing, we summarize our assemblage per-
spective on the stem cell fi eld, and draw 
out some further differences between 
core set analysis and analysis in terms 
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of assemblages with a view to develop-
ing future research avenues.   

Scientifi c background

Arguably, stem cells have huge poten-
tial in the fi elds of tissue engineering 
and regenerative medicine as, in prin-
ciple, they hold the capacity to produce 
every type of cell and tissue in the body 
(Lanza et al., 2004a; 2004b). They prom-
ise a medical revolution in the treatment 
of cardiovascular disease, neurodegen-
erative diseases such as Alzheimer’s and 
Parkinson’s, cancer, diabetes, and the 
possibility of the replacement of organ 
transplants with stem cell transplants. 
In 1998 a seminal paper described the in 
vitro growth of human embryonic stem 
(hES) cells derived from the inner cell 
mass of the early blastocyst (Thomp-
son et al., 1998). Stem cell biology has 
evolved over the last seven years and it 
is currently one of the most rapidly de-
veloping areas within the life sciences 
(Blau et al., 2001; Kiessling and Ander-
son, 2003; Rippon and Bishop, 2004). 
The two defi ning features of stem cells 
are that they can reproduce themselves, 
and so in principle a few cells can pro-
duce large numbers of daughter cells, 
and they can differentiate into many 
different cell types. Bone marrow trans-
plants for leukaemia are the best known 
clinical example of (blood) stem cells 
ability to repopulate a complex environ-
ment with a huge number of cells with 
different functions (Gearhart, 2005). 
The hope is that one day it may be pos-
sible to do something similar for other 
acute and chronic diseases, such as 
diabetes, by using one or more of adult, 
foetal and particularly embryonic stem 
cells in what could become a revolution-
ary new era of regenerative medicine 
(Lanza et al., 2004a; 2004b).

Diabetes mellitus has been identifi ed 
as “one of the main threats to human 
health in the 21st century” (Zimmet et 
al., 2001: 782). In the UK 2 % of the pop-
ulation have diabetes and treatment 
accounts for 10% of the total health-
care budget (Wass and Shalet, 2002). 
The main therapy for insulin-depend-
ent (Type-1) diabetes is insulin replace-
ment. Essentially, Type-1 diabetes in-
volves autoimmune destruction of the 
insulin producing beta cells which, until 
the discovery of insulin and the subse-
quent development of insulin therapies, 
resulted in death from uncontrollably 
high levels of blood glucose (Bliss, 1984). 
The beta cells are the main cell type 
within the more complex islets of langer-
hans cells which make up the endocrine 
part of the pancreas. Within these islets 
other cells produce other hormones, for 
instance alpha cells produce glucagon, 
and delta cells secrete somatostatin. 
It is extremely diffi cult to separate the 
beta cells from the rest of the islets, and 
there is strong evidence that the spatial 
arrangement of beta cells within an islet 
results in a coordinated and more effec-
tive secretion of insulin (Gray, 2002). 

Recently, signifi cant advances in the 
transplantation of human islets into pa-
tients with Type-1 diabetes have largely 
removed the insulin dependency of 
these patients (Shapiro et al., 2000; Ryan 
et al., 2005). Shapiro’s pioneering work 
in this area, particularly his ‘Edmon-
ton protocol’ for islet transplantation, 
has led to a signifi cant global interest 
in islet cell transplantation. His centre 
in Alberta has recently been awarded 
$25 million dollars to develop their islet 
transplant programme, with the largest 
ever grant given by the JDRF (Juvenile 
Diabetes Research Foundation). How-
ever, the application of this increasingly 
routine therapy is severely restricted by 
the very limited availability of human 
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islets. Currently human embryonic stem 
(hES) cells are thought to offer the most 
promising potential source of beta cells 
for islet transplantation (Itkin-Ansari 
and Levine, 2004; Rother and Harlan, 
2004).

There has been considerable recent 
enthusiasm about the potential of hES 
cells to provide material for the islet 
transplant therapy of diabetes, but so 
far this has translated into little peer 
reviewed, published information (Jones 
et al., 2004). This is largely because sci-
entists have found it very diffi cult to 
reliably drive differentiation of hES cell 
populations towards an endocrine phe-
notype (Bonner-Weir and Weir, 2005). 
The key scientifi c question that beta cell 
biologists are currently asking is, “are 
hES cells likely to offer a useful starting 
material from which to generate in vitro 
mature, functional beta cells for islet 
transplantation?” 

It is now established that mouse ES 
cells can differentiate into cells with an 
insulin-expressing phenotype, either 
by genetic manipulation or by permit-
ting spontaneous differentiation fol-
lowed by culture under selective condi-
tions (Jones et al., 2004). It has, however, 
proved much more diffi cult for scientists 
to generate insulin-expressing cells from 
hES cells, although preliminary human 
embryonic data (Burns et al., 2004) and 
published reports (Assady et al., 2001; 
Segev et al., 2004) suggest that hES cells 
will spontaneously differentiate into an 
insulin-expressing phenotype, albeit at 
a low frequency. Experiments are there-
fore designed to discover whether the 
purported beta cells express the genes 
and proteins related to a beta cell geno-
type, and to assess the functional phe-
notype of insulin-expressing cells. In 
other words, do these bioengineered 
cells have the genetic makeup required 
to be beta cells, and if they do have the 

correct genes, are they producing the 
proteins needed for these cells to func-
tion as beta cells?   

With this backdrop in place, we can 
now, after a brief overview of our meth-
ods, move on to the specifi cities of the 
controversy surrounding the emergence 
of the Lumelsky protocol. 

Methodological note

The present paper draws on a broader 
study of translational research, that is, 
the interactions between ‘the bench and 
the bedside’, particularly the prospects 
and problems of stem cell therapies 
and cell transplantation in the fi elds of 
diabetes and liver disease. The corpus 
of data from which this present study 
draws is comprised of the main pub-
lished documents in specialist and gen-
eral scientifi c journals; ethnographic 
observation in labs and at scientifi c and 
medical conferences of ‘stem cell sci-
ence in action’; two ethics discussion 
groups with scientists and clinicians; 
and over 60 interviews with scientists, 
clinicians and key stakeholders in both 
the UK and the USA. However, over and 
above documentary evidence, here we 
primarily draw on interviews with seven 
biomedical scientists who work in one 
leading beta cell/stem cell laboratory in 
England (Scientists 1-7). That these sci-
entists are seen to be part of the core set 
of beta cell scientists is evidenced not 
only in their extensive publications, but 
also by the fact that two members of the 
laboratory attend ‘keystone meetings’ of 
the world’s top 100 beta cell scientists. 
We also draw on six other senior sci-
entists, who, as directors of Beta Cell / 
Stem Cell Labs in the US and UK are key 
players on the fi eld (Scientists 25 (US), 
26 (US), 28 (US), 43 (UK), 45 (UK) and 49 
(US)). To preserve anonymity we do not 
include the specifi c titles of scientists. 
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The interviews we conducted lasted 
between 1-2 hours, took place within 
the laboratory offi ces and with permis-
sion, were taped and transcribed. Open-
ended questions and an informal inter-
view schedule were used, in order to en-
courage scientists to speak in their own 
words about their experiences. Tran-
scripts were analyzed by content for 
emergent themes (Weber, 1990), which 
were then coded (Strauss, 1987). The 
research team discussed the data and 
analysis which enabled different per-
spectives to be incorporated, and added 
to the richness of the analysis. 

While the sample of actual inter-
views is small, the representativeness of 
the data is partly grounded in the other 
more informal observations that were 
made over the course of the research. 4 
Having noted this point of triangula-
tion, we necessarily do not make strong 
claims about the validity of the analy-
sis, not only because of the small sam-
ple (which is a chronic feature of much 
qualitative work), but also because the 
interpretative tradition presupposes 
that analyses will be contingent and 
constitutionally open to revision (see 
Potter and Wetherell, 1987; Silverman, 
1993). 

The Lumelsky protocol controversy

The Lumelsky protocol: ‘stem cells are 
coaxed to produce insulin’
The revolutionary Lumelsky protocol 
from Ron McKay’s neural stem cell lab at 
the NIH (National Institutes of Health, 
USA) was published in Science under the 
headline, ‘stem cells are coaxed to pro-
duce insulin’ (Lumelsky et al., 2001). The 
seminal nature of the Lumelsky paper is 
captured in the rhetorical fl ourishes of 
an accompanying editorial comment in 
Science: 

In a boost for scientists who hope to 
turn the potential of undifferenti-
ated stem cells into medical miracles, 
researchers have found a way to pro-
duce insulin-producing cells from 
mouse embryonic stem (ES) cells. 
There is a ready-made demand for an-
yone who can achieve such alchemy 
in human cells: millions of patients 
with diabetes… An unlimited source 
of cells that can produce insulin in 
response to the body’s cues would… 
be a hot commodity. (Vogel, 2001: 615, 
our italics)

The paper was highly signifi cant as 
Lumelsky et al. (2001) showed that the 
several cell types of the endocrine pan-
creas could be generated from ES cells 
in vitro, and that ES cells could be made 
into pancreatic islets. Their aim was to 
adapt their successful strategy of mak-
ing neural cells from mouse ES cells 
(Lee et al., 2000) to produce pancreatic 
endocrine cells. Rather than genetically 
modifying ES cells, their approach was 
to attempt to reproduce a simplifi ed var-
iant of the chemical stimulations that 
occur in embryonic development, espe-
cially those that are thought to be key in-
fl uences on ‘driving a cell down the beta 
cell pathway’. After fi ve days of adding 
and removing a cocktail of growth fac-
tors they evaluated the cells using sever-
al routine biological procedures which 
are consistently used within molecular 
biology to demonstrate gene and protein 
expression (Alberts et al., 2002). 

Prior to the Lumelsky publication, 
the scientists in our UK beta cell lab had 
been infl uenced by the Edmonton pro-
tocol for islet cell transplantation:

If you could regenerate beta cells you 
could effectively cure diabetes, as 
simple as that… So this new [Edmon-
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ton] protocol where they have de-
scribed the transplantation of islets 
with a much less aggressive immuno 
regime [Shapiro, 2000] stimulated the 
interest in the proof of the principle. 
If you could make beta cells or islets 
from some other source, a much more 
abundant source, then you could 
cure diabetes and that’s where stem 
cells came in because they are pret-
ty much the only sensible option to 
make insulin secreting cells that you 
could transplant into the diabetic in 
enough numbers so that it becomes a 
viable therapy. (Scientist 2)

However, the Lumelsky paper resulted 
in an important change of direction for 
them: 

We got into stem cell research after 
the Lumelsky paper [2001] was pub-
lished because it was an obvious area 
that everybody was going to get into 
because it was the big chance to cure 
diabetes… What has happened is 
funding in science has become more 
and more a people bandwagon, so 
there were a few people working on 
ES cells trying to turn them into beta 
cells and suddenly it becomes popu-
lar, the government ring fenced fund-
ing for it, the diabetes charities really 
want the science to work so they fund 
it, then scientists get into it and then 
they fi nd they can’t actually do it so 
what will happen, I predict but I could 
be wrong, is that the research inter-
est will dwindle but there will still 
be a body of scientists who probably 
were there in the fi rst place and who 
will continue to do it. Again I think 
because the prize is so enormous if 
somebody could actually do it. (Sci-
entist 3)

Within this fi eld there is a gulf between 
the apparent ease with which revolu-
tionary new fi ndings are heralded in 
seminal papers, and the fi ndings from 
other labs which have tried to replicate 
and extend these initial experiments. 
This tension is captured in four short 
quotations below:

You read the literature and it seems 
easy. (Scientist 5)

The Lumelsky paper…was a little bit 
of a misguided paper because it wasn’t 
well reproduced, but it was probably 
good in terms of impetus, it got a lot 
of people doing this. (Scientist 4)

It’s very hard in this kind of area to 
know whether the results that have 
been published are genuinely repro-
ducible, that the effects that they are 
describing are attributable to the ex-
perimental procedures and aren’t 
being affected by other randomly oc-
curring factors. (Scientist 6)

So it was quite diffi cult, and I think 
we’ve probably come to the conclu-
sion that the Lumelsky protocol is 
rather complicated and perhaps there 
may be some other protocol that 
could be better used, but what that 
would be right now, I guess we don’t 
know! (Scientist 45, UK)

These quotes all refl ect elements of the 
scientifi c research game, what Bourdieu 
(2001) calls illusio: is the game worth 
the candle? Is this a fi eld of science that 
scientists should invest their time, re-
sources, staff in? Scientists within this 
fi eld participate in enacting the tension 
between optimism and pessimism, or as 
one leading American beta cell biologist 
puts it: 
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The fi eld of generating new beta-cells 
from stem cells… is still in its infancy. 
Each new report has been met with 
a mixture of excitement and skepti-
cism. (Bonner-Weir, 2003: 10)   

This refl ects the normal practice of sci-
entifi c publication where, following 
publication of an important paper, other 
groups of scientists will try and repli-
cate or, more typically, refi ne the initial 
experiment: 

What almost always happens is some-
body will publish a very interesting 
paper, everybody thinks “Wow that’s 
amazing!” or “I don’t believe that!” 
depending on where you would come 
from, and then everyone tries to re-
peat it… You don’t really know what 
to believe or what not to believe, and 
we have the feeling that to actually 
believe something we need to do it 
ourselves, so we have repeated a lot of 
the things that people have published 
and found that we can’t do that, or 
that we can get similar results but 
it’s not for the reasons that they are 
claiming, it’s because maybe we are 
not actually making beta cells, we are 
making some sort of embryonic tis-
sue that expresses the same things as 
beta cells. You have to be very careful 
with what you are claiming, and then 
you get to where the people who pub-
lished the original paper will come 
back with some other model that sup-
ports their original paper because 
people don’t want to say “Oh no, I was 
wrong!” And that’s often the way it 
works. (Scientist 2)

This quote provides a clear example of 
the experimenters’ regress in action, il-
lustrating how judgements are made 
about, for example, the competence of 
scientists and the meaning of the ex-

periment. It illustrates the way in which 
this core set is active in generating and 
resolving scientifi c controversies within 
their fi eld of science, through the nego-
tiations which can take place over con-
tested claims. The Lumelsky et al. (2001) 
paper is also a good example of the ways 
in which key publications change the re-
search directions of the network of sci-
entists within an international core set 
of scientists. 

In the context of such competition, 
however, there is always the possibil-
ity of being accused of ‘bandwagoning’ 
– of pursuing the prize irrespective of 
the weaknesses of the original fi nding or 
protocol (even if these only become gen-
erally ‘apparent’ after the resolution or 
closure of the controversy). The follow-
ing quotes indicate the ease with which 
the discourse of ‘jumping on the band-
wagon’ is available:

When that Lumelsky protocol came 
out, the world and his dog jumped on 
the bandwagon, trying to reproduce 
it in various ways. And loads of people 
had a load of problems. (Scientist 43, 
UK).   

The Lumelsky paper made it look like 
there was a default pathway. A few 
steps, a few stages, all bing, bing, bing, 
and you get beta cells. No! And now 
there are a whole lot of laboratories 
working on it. There’s been a whole 
lot of money spent on it, and a lot of 
people were coming up with things 
that express a little bit of insulin. And 
a lot of people were hyping their work. 
We’re more than uncomfortable with 
it. (Scientist 25, USA).

In 2001 [following publication of the 
Lumelsky protocol] everybody said, 
‘Oh look, they do it almost by default!’ 
[ES cells become beta cells]. That’s 
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been now shown not to be the case 
[in 2005]. That makes a big differ-
ence in the mindset for a lot of people 
and how you approach this fi eld… I 
think people were expecting to get to 
the clinic much faster. (Scientist 26, 
USA). 

[Scientists] dropped everything 
and tried to repeat and extend their 
[Lumelsky] protocol. And the proto-
col was wrong. So it’s a disaster. (Sci-
entist 28, USA). 

This ‘bandwagoning’ discourse can 
amount to an attack on the credibility 
of the ‘bandwagon jumpers’. As we shall 
see, the Lumelsky protocol was indeed 
‘found’ to be faulty. To the extent that 
this places the credibility of scientists 
under pressure, there is a need some-
how to recover the situation if one is to 
continue to work credibly. However, as 
we shall see, this recovery is partly made 
possible by the fact that to ‘jump on the 
bandwagon’ is ‘understandable’. 

Melton debunks the Lumelsky protocol 
The Lumelsky paper came from McKay’s 
lab at the US government funded NIH, 
and US restrictions on hES cell science 
meant that in 2000 they did not have ac-
cess to cells of a quality to do meaning-
ful experiments with (Weissman, 2002). 
In 2004, however, Doug Melton at Har-
vard—but working in his privately fund-
ed Howard Hughes lab—astonished the 
scientifi c world with a paper in the New 
England Journal of Medicine which doc-
umented his lab’s success at creating 17 
new hES cell lines (Cowan et al., 2004). 
Melton, a developmental beta cell biolo-
gist, offered to reproduce the Lumelsky 
protocol in human rather than in mouse 
ES cells. However, the subsequent one 
page paper from Melton’s lab, by Rajag-
opal et al. (2003), effectively debunked 

the Lumelsky protocol, and is a vivid il-
lustration of the production of scientifi c 
scepticism. One of our scientists sum-
marized three aspects of the skepticism 
of those working at the intersection of 
stem cell and beta cell biology:

One, people who work on stem cells 
probably know how diffi cult it is and 
are skeptics; two, because out in the 
front line of research area no one is 
just sitting there saying “Oh right, 
that’s fi ne, great results, yes we be-
lieve you, that’s fi ne, you’ve solved 
our problems”; three, scientists are 
like everyone else, they hate it when 
someone else beats them to it… You 
are more likely to criticize something 
that’s going to be very exciting and 
get a lot of attention… than someone 
working on more routine problems. 
(Scientist 1)

In essence, the Melton lab demonstrated 
that rather than the cells producing in-
sulin, insulin was being absorbed from 
the culture medium and then secreted 
by cells. The problems of gene expres-
sion in this pair of experimental reports 
from the McKay and Melton labs is a 
theme expanded upon by one scientist 
who has spent three years working on 
Lumelsky style protocols:

What the Melton Group showed was 
that most of the insulin that’s been se-
creted by the cells has been taken up, 
and really the sort of level of insulin 
gene expression that they were get-
ting was really quite low, approaching 
what you’d fi nd as a random occur-
rence, because if you grow stem cells 
as a cluster…you can get stem cells 
that make insulin, but it’s not many… 
You really need to show that you have 
got a lot of cells making insulin, that 
those cells are making a large amount 
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of it, and also that you have got other 
beta cell markers expressed as well, 
because there’s no use in having in-
sulin expressed if it can’t be packaged 
and secreted appropriately. (Scientist 
6)

This last point, of the importance of ex-
periments demonstrating the appropri-
ate packaging of insulin so that it may 
be physiologically secreted, is the es-
sence of a range of recommendations 
designed to eliminate problems from 
future experiments that purport to show 
that ES cells can produce insulin. Rajag-
opal et al. (2003) suggested that a com-
bination of several methods is required 
for reliable analysis of insulin produc-
tion in ES cell progeny. In short, Melton’s 
group raised the bar of what counts as 
the minimum scientifi c evidence within 
this fi eld. This approach is common in 
science. For instance, Guillemin made 
the laboratory standard of detecting the 
hormone TRF [thyrotropin releasing 
factor] so high that only two labs in the 
world had the equipment and expertise 
necessary to conduct the experiments 
(Latour and Woolgar, 1986). Melton’s fi ve 
additional lab tests require considerable 
expertise in beta cell biology, making 
it very diffi cult for anyone outside the 
core set of beta cell biologists, including 
McKay’s neural stem cell group, to per-
form credible experiments in this area. 
Scientist 3 summed up the impact of the 
Melton critique on the beta cell fi eld:   

We know that the initial Lumelsky 
paper sparked this all off was based 
on an error. The cells weren’t mak-
ing insulin, they were taking it out [of 
the culture medium], we knew that 
before that was published, because 
we couldn’t fi nd any gene signifi cant 
expression…so it was clear there 
was something wrong with the pro-

tocol…and Melton realised this and 
Melton had the brains to publish it in 
Science. So that knocked off the fi rst 
paper [Lumelsky et al., 2001] and then 
it undermined a whole series of pa-
pers which had been submitted and 
were obviously in press. There was 
a big gap, a delay, where people had 
followed the Lumelsky protocol with 
minor variations, and you can write 
all those papers off immediately… 
Scientifi cally you can write those off 
because they are based on fl awed pro-
tocols. So the ones that aren’t based 
on those protocols, the general re-
sult tends to be, “we have reproduced 
this, that a small number of cells will 
differentiate to an insulin genotype 
but it’s not clear what the phenotype 
of the cells is in our opinion. We think 
that the cells are doing it themselves 
rather than responding to any exter-
nal stimulus, but that’s just our lab’s 
spin on it.” (Scientist 3)

This section illustrates further ways in 
which this core set actively manages sci-
entifi c controversies within their fi eld 
through, notably, the exclusion of other 
scientists from these negotiations. How-
ever, such exclusion on one highly spe-
cialist level does not preclude inclusion 
on a broader level. In terms of the debate 
between Collins and Wynne outlined in 
the introduction, if the proposition en-
tailed in Lumelsky is now ‘found’ to be 
false, the tacit assumptions built into the 
proposition serve in enabling the broad-
er scientifi c assemblage to ‘go on’ in 
that those scientists who reacted to the 
Lumelsky protocol with a ‘Wow that’s 
amazing’ and who are seen as jumping 
onto the ‘bandwagon’ are nevertheless 
not wholly discredited. Indeed, in a con-
text of chronic uncertainty where no-
one knows how to direct the differen-
tiation of embryonic stem cells into beta 
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cells, jumping on the bandwagon be-
comes understandable. In what follows, 
we trace some of the key uncertainties 
that bedevil this fi eld. 

Chronic uncertainty and the 
possibility of inclusion

I don’t want to be a Cassandra and say 
that it’s never going to happen. The 
reality of it at the moment, the way 
the science of stem cells is very diffi -
cult… I think we know very little, and 
that’s why we are having trouble di-
recting them. (Scientist 1)

In this quote we are presented with a 
profound sense of the uncertainties dog-
ging stem cell research. In this section, 
we present interview data structured 
in terms of four juxtaposed problems 
with stem cell research. The aim here is 
to counterpose the account of rise and 
fall of the Lumelsky protocol of the pre-
ceding section with an examination of 
some of the varieties of chronic uncer-
tainty within this fi eld. Our purpose is 
to show how such uncertainty can serve 
as a common ground which can keep 
alive the connections between (that is, 
the assemblage of) the ‘victors’ and the 
‘vanquished’ of the Lumelsky protocol 
controversy. 

Problems with cell culture
Scientists in this lab worked on mouse, 
rat and hES cells, as well as rat and 
human foetal stem cells. The biomedical 
science techniques required for grow-
ing and experimenting with this range 
of stem cells and beta cells are similar. 
However, hES cells were seen as being 
particularly diffi cult to culture: 

The characterization of cells that 
come from stem cells is the same for 
each different tissue source. We are 

exposing them to the same experi-
mental techniques… [hES cells] grow 
so slowly as well, they take a lot longer 
to get the tissue number to the level of 
material that we need to actually do 
functional testing on the cells. (Sci-
entist 2)

In all of our interviews with stem cell 
scientists, in this UK lab and elsewhere, 
this process of the culture of hES cells is 
seen as an art as much as a science. Sci-
entists often spoke of the importance of 
having ‘green fi ngers’ or ‘golden hands’ 
(Knorr-Cetina, 1999), particularly when 
selecting staff for particular tasks relat-
ing to hES cells:

We wanted somebody who we knew 
was good at tissue culture looking 
after our precious little babies [hES 
cells]. (Scientist 3)

Scientists argued that the variation in 
the cells, the plasticity of the cells and 
their propensity to differentiate into 
cells that are no longer ES cells, contrib-
uted to the diffi culty of reproducing ex-
perimental results:

Some experiments aren’t reproduc-
ible anyway. Something happened, 
for some reason you don’t know why 
it happened on that particular day, 
somebody used a different batch of 
cells and you get those results and 
you try to reproduce them and you 
don’t. (Scientist 4)

Studying these cells is so different to 
studying other differentiating tissue, 
because it is so plastic and you don’t 
know whether the cells that you start-
ed with two passages [ES cells must 
be divided and transferred to a new 
culture dish every few days: the proc-
ess of passage] ago are actually giving 
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you the same cells that you are using 
now. (Scientist 6)

In the two quotes above the variation in 
laboratory materials leads to what scien-
tists’ describe as non-reproducible ex-
periments. In other cases, scientists put 
down their diffi culties to the inherent 
complexity of beta cells themselves. 

But actually to do the research is very 
diffi cult. It is not easy by any stretch 
of the imagination. And the likelihood 
of a positive outcome has to be years 
and years away, if at all, to be honest. I 
think that beta cells are a particularly 
diffi cult line to follow because it’s a 
complex cell. (Scientist 45, UK)

Here, then, we have sketched out a 
chronic uncertainty within this research 
programme. This uncertainty is further 
underscored when other considerations 
are taken into account. 

Problems with spontane-
ous differentiation of cells
All of the scientists we interviewed ar-
gued that ES cells differentiate into 
other cell types spontaneously. In other 
words, scientists are measuring the re-
sults of a natural process that they can-
not control, rather than an experimen-
tally induced process that they are in 
control of:   

We have shown that we can see beta 
cell genes being expressed from stem 
cells, but really it’s nothing that we do 
to them. They have this spontaneous 
capacity to show some elements of a 
beta cell geneotype, and I’m sure you 
[SW] have asked this question before, 
‘Well, if you looked for cardiac cell 
markers in the same cell populations 
would you see them?’ We haven’t 

looked for them, but I am pretty cer-
tain the answer would be yes. (Scien-
tist 4)

In this quote we see how scientists only 
see what they are looking for – in the 
case of this lab, beta cells. This is an 
example of “the ‘framing’ of scientifi c 
discourse… that literally makes some 
objects accessible and others invisible” 
(Doyle, 1997: 6). The following quote 
illustrates the central importance of 
the tacit and verbal nature of scientifi c 
research:

We had this problem of spontaneous 
differentiation all the time, and after 
a while I realized, well, actually prob-
ably nobody uses the cultures that 
are 100% pluripotent [able to change 
into almost any type of cell]. Prob-
ably everybody has a certain level of 
differentiation.
SW: So the assumption is that they are 
working with pure cultures even though 
in practice they are not? Is that fair?
Yes I would think so. It’s just not re-
ally something that’s been addressed 
at all. I realized this when I took a trip 
to [another lab] and we went in a lab 
where they have done a lot of ES cell 
work and I looked at some of their 
cultures and a lot of them were more 
differentiated than the ones that I had 
been using in my study! But it’s a sort 
of shady area that people don’t really 
tend to talk about. (Scientist 6)

Problems with in vitro de-
velopmental biology
As we have seen, the approach of both 
the McKay and Melton groups was to try 
to reproduce the ‘embryonic environ-
ment’ in the lab, to see whether ES cells 
could be turned into islet cells. Howev-
er, the scientists we interviewed saw this 
strategy as problematic: 
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I am skeptical about it working in 
vitro as it’s such a complicated system 
and it’s not just about transcription 
factors, switching on another one - 
it’s switch on, switch off, right timing, 
right factors and the right mix at the 
right time and can we do that in vitro? 
(Scientist 4)

The major problem was seen as a lack of 
scientifi c understanding of the processes 
of stem cell and beta cell development: 

I think the principal problem is that 
we just don’t understand the process 
of development in the pancreas. It’s 
so enormously complicated, and we 
know quite a lot about which genes 
are switched on and off during the 
process, but we don’t know actually 
what switches them on and even if we 
did know, I’m not sure that you could 
really reproduce that in vitro because 
it’s the embryo, a dynamic changing 
system whilst in vitro methods tend 
to be static… The main hurdle prob-
ably is that we just don’t have enough 
understanding of stem cells and of 
embryonic development in general, 
but then even if we had a completely 
full understanding of how the pan-
creas develops I don’t think we could 
replicate that. (Scientist 6)

The problem of a lack of appropriate bio-
logical markers through which to track 
the transformation of hES cells into beta 
cells was seen as a priority for unravel-
ling some of the complexities of embry-
onic development, although the gulf 
between what is known about mouse ES 
cells and hES cells was also highlighted: 

I think you do perhaps need to un-
derstand the whole process both of 
differentiation initially, how you get 
from the non beta cell to a beta cell, 

what steps are involved in that proc-
ess of differentiation. The fi rst im-
portant thing to have is some kind 
of marker for different stages of dif-
ferentiation. These are known in the 
mouse but there is virtually nothing 
known about the way that cells dif-
ferentiate in humans, whether they 
go through a similar process, because 
there do appear to be substantial dif-
ferences in, say, foetal differentiation 
which is starting to come out in com-
parisons. (Scientist 5)

Problems with people and ‘the area’
Alongside the problems with the material 
and the procedures, there are problems 
with people. Our scientists, on refl ecting 
upon the fi eld were keenly aware of the 
way that in seeking to convert stem cells 
to beta cells, colleagues were liable to 
over-hype fi ndings, as one scientist put 
it in relation to the initial celebrations 
around the Lumelsky protocol: 

It’s because people want it to work. 
And if it had been true it would have 
revolutionised lots of things. (Scien-
tist 3)

Allied to this, such problems with peo-
ple arise because of the limitations to 
their expertise:

Melton came out and says this (the 
Lumelsky protocol) is wrong, and he 
was absolutely right! So I think that 
has helped to raise the standard for 
what do we call a beta cell. And I think 
that people are beginning to appreci-
ate the importance of all techniques 
like RT-PCR to really show that amino 
acids produce proteins, and a lot of 
people are using very sophisticated 
imaging techniques – but they are not 
experts. So they are misinterpreting, 
and a lot of people are experts up to 
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a point, but not in a particular meth-
odology, so they measure something, 
but maybe it’s the wrong measure. 
(Scientist 49, USA).

In this context, many of our scientists 
see one of their key roles within this fi eld 
as that of defl ating some of the scientifi c 
hype that often surrounds the prospects 
of stem cell science (Braude et al., 2005). 
This critical perspective is grounded in 
their own stem cell experiments: 

Most journal editors would fall over 
themselves to get hold of a human 
embryonic stem cell paper, but as for 
positive results that depends on your 
spin, or would depend on how far you 
want to stretch your data to fi t your 
hypotheses. A lot of what we publish 
could be construed to be negative’ish 
in that we’re trying to temper some of 
the hype, we’re trying to provide the 
other side of the coin to what some 
people have been claiming in some of 
their publications. So positive results, 
negative results, it depends on what 
way we stand. (Scientist 2)

Our respondents, in summing up the 
current state of the fi eld, severally point-
ed to the chronic uncertainties: 

The whole area is a bit of a muddle 
actually. There are holes in all of the 
studies. (Scientist 5)

Scientifi cally, the potential that stem 
cells had three years ago hasn’t been 
fulfi lled, but it could be, and if it was it 
would be such a big prize that I think 
people are going to continue in this 
area for a while. What happens to sci-
entists is they get very disillusioned, 
and so if something is hyped up and 
hyped up that you work on for three 
years and you don’t get anything 

that’s logical, sensible, reproducible 
or publishable it tends to fall out of fa-
vour, and stem cells and diabetes are 
at that stage at the minute. So nobody 
believes much of what has been pub-
lished, and people are very critical of 
grant applications and stuff like that 
with stem cells. (Scientist 3)

SW: So how do you think stem cells 
might change beta cell biology and 
diabetes?
That’s a question if you had asked me 
probably three years ago I would have 
given you a more positive answer, but 
at the moment I don’t think they will. 
Three years later we have got noth-
ing that looks like a beta cell… I think 
generating the data is diffi cult and it’s 
very easy to generate negative data 
but nobody wants to hear, “I tried 
something else and that didn’t work!” 
(Scientist 4)

If these uncertainties technically mil-
itate against beta cell derivation from 
stem cells, they also point to other pos-
sibilities (e.g. the genetic modifi cation of 
stem cells) but such a move, in turn, gen-
erates ethical and social uncertainties. 

I’ve only worked in this area for three 
or four years and there are not many 
people who have worked in stem cells 
for diabetes longer than that, because 
the interest only really came in fi ve or 
six years ago. But in that short time, to 
begin with I was quite excited about it, 
I really thought, this is good stuff, this 
has amazing potential. That’s been 
slightly tempered just by my experi-
ence, of our own work but then also 
speaking to other people, and going 
to conferences and seeing what peo-
ple are able to do, people with huge 
amounts of money and facilities. They 
haven’t really got any further down 
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the line than we were 18 months ago. 
Having said that I still do think that 
probably ultimately one day there 
will be a cure that people are waiting 
for. I just think that maybe it requires 
genetic modifi cation, mainly the cells 
need to be genetically changed before 
you actually are going to be able to 
get a cell that behaves enough like a 
beta cell. That then requires a whole-
sale change of ethical thought as to 
whether you can put some genetically 
modifi ed cell back into a human, and 
that’s going to take years and years of 
legislation. (Scientist 2)

Conclusion

In the preceding section, we have pre-
sented a series of accounts of the chron-
ic uncertainty that bedevils stem cell 
research, not least that concerned with 
the differentiation of beta cells. These 
data have been presented in this way in 
order to contrast with the section on the 
Lumelsky protocol which was charac-
terized by a narratively dramatic, linear 
structure of apparent success followed 
by accepted failure. This is a narrative 
structure typical of core set analysis (but 
also applicable to other analytics within 
the sociology of science, notably actor- 
network theory; see Michael, 1996). The 
question posed of this form of analysis 
is: how do those who jumped on the 
‘Lumelsky bandwagon’ remain credible 
scientists – or have their standing ‘re-
habilitated’? The section on the chronic 
uncertainties of the fi eld aims to refl ect 
the complex layers of uncertainty in the 
fi eld with which stem cell scientists must 
deal. It suggests that running alongside 
the dramatic narrative of seeming suc-
cess and evident failure is a morass of 
experimental work whose success and 
failure is profoundly and chronically 
uncertain. This can be likened to an as-

semblage where scientists are making 
all sorts of attempts to develop workable 
experimental systems – attempts which 
while still reactive to the competitive 
structure of science, might also entail 
other sorts of associations. 

If in the core set analysis in which sci-
entists compete for the epistemic high 
ground, certain scientists were ‘discred-
ited’ because of the propositional fi nd-
ings against the Lumelsky protocol, in 
the more diffuse assemblage of chronic 
uncertainties, to jump onto the Lumel-
sky bandwagon is socially ‘understand-
able’.5 In other words, parallel to as-
sessments of epistemic correctness or 
incorrectness—that is about the propo-
sitional or substantive content of knowl-
edge—mapped by core set analysis, are 
feelings of ‘social understandability’ 
under conditions of chronic uncertain-
ty. To put this another way, alongside 
the judgement, resolution and exclusion 
mapped by core set analysis, there is the 
‘understanding’, irresolution and inclu-
sion suggested by ‘assemblage analysis’. 
If the former documents the ‘punish-
ment’ of those who have failed in a con-
troversy, the latter points to the ways in 
which they may be ‘forgiven’.

There are obviously echoes here of 
Gilbert and Mulkay’s (1984) classic anal-
ysis of empiricist and contingent reper-
toires, and we can usefully draw on their 
work to highlight what is distinctive 
in the present paper. As is well known, 
they noted that empiricist repertories 
were applied to self, and contingent to 
‘others’ (opponents in a controversy), 
and certainly our respondents followed 
a similar pattern. However, Gilbert and 
Mulkay also noted that contradictions 
arose, where the contingent repertoire 
was necessarily applied to self when 
it became evident that one had made 
mistakes in the past. The resolution to 
this contradiction (the application of 
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both empiricist and contingent reper-
toires to self) was managed through 
the Truth Will Out Device in which na-
ture ultimately ensured that the em-
piricist prevailed. In the present case, 
the ‘contingent’ repertoire is applied 
to self ‘in principle’ as it were, because 
our respondents did not jump onto the 
bandwagon, but they might have done 
if circumstances had been slightly dif-
ferent. Indeed, they might be on a band-
wagon at the present moment, but will 
only know it in retrospect, though they 
can certainly acknowledge the possibil-
ity.6 In a sense then, the present paper 
attends to the obverse of the Truth Will 
Out Device, the ‘but for the grace of god’ 
presumption – “it could have been me 
(or my lab) on that (the Lumelsky pro-
tocol) bandwagon”. Thus, in contrast to 
the necessity entailed in the Truth Will 
Out Device (nature will always ensure 
the truth’s emergence), the ‘but for the 
grace of god’ presumption refl ects the 
probabilities of making mistakes (or 
rather the lucky escapes). 

Finally, we can, rather more specu-
latively, suggest two further differences 
between analyses oriented respectively 
toward core sets or assemblages. We 
draw out these differences as prompts 
to future thinking about how to ex-
plore scientifi c research processes and 
dynamics. 

The fi rst concerns the narrative form 
taken by core set or assemblage ac-
counts. The core set analysis in account-
ing for the resolution of the experiment-
ers’ regress, ‘concludes’ a narrative. 
What of those who were ‘defeated’? As is 
well known, they may ‘continue’ on the 
outside of the core set (by and large mar-
ginal to the ‘real action’), or they take up 
the now predominant knowledge and re-
tain a position within the core set. That 
is to say, the end-state of the core set nar-

rative portrays a world inhabited by in-
siders and outsiders. There is a dramatic 
reconfi guration of the assemblage into 
the included and the excluded. By com-
parison, the assemblage model provides 
for a much murkier model in this case of 
stem cell research – where people from 
opposing factions’ continue dialogues, 
form alliances, develop collaborations 
and so on and so forth in a process of ‘ir-
resolution’. Here, the epistemically ‘vic-
torious’ accept the defeated not in spite 
of their epistemic mistakes, but because 
of their ‘social understandability’ – their 
strategies are understandable under 
such conditions of uncertainty. In this 
latter case, the account is not structured 
by a dramatic narrative of contest and 
victory-defeat, but by a sort of continu-
ing diffuse or potential connectivity.7

The second related point concerns the 
divergent models of time that inform the 
contrast between core set and assem-
blage analyses. For the former, time pro-
ceeds linearly along a line on which are 
sequentially arrayed the past, present 
and future. Overlying the movement be-
tween these phases is a dramatic narra-
tive in which, typically, a claim is staked, 
factions form, one faction triumphs, the 
other fails. This sort of temporality is, of 
course, typical of modern western socie-
ties (see Kern, 2003; Nowotny, 1994). By 
way of contrast, the assemblage model 
draws on a more topological sense of 
time (Serres and Latour, 1995) in which 
the linear version is seen to be one out 
of many ways in which ‘events’ combine 
and arrange themselves. As Serres puts 
it:

No, time fl ows in a turbulent and 
chaotic manner; it percolates….this 
time can be schematized by a kind of 
crumpling, a multiple, foldable diver-
sity” (Serres and Latour, 1995: 59).
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In relation to the assemblage model, we 
can suggest that it might be fruitful to 
explore the usefulness of ‘topological’ 
temporality.8 What would an account 
that treats respondents’ representations 
of the past, present and future non-line-
arly look like? At the very least, we might 
hope that it casts some light on the more 
circuitous dynamics—the continuing 
diffuse or potential connectivity, as we 
have phrased it above—that character-
ize scientifi c assemblages. 
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Notes

1  We use the term assemblage here, derived 
from Deleuze and Guattari (1988; see also 
Martin, 1998; Irwin and Michael, 2003), 
to denote both the heterogeneity of what 
might have otherwise been called the sci-
entifi c ‘community’, and also the complex 
processes by which shifting alliances and 
fi ssures are enacted amongst scientists 
(and also with non-scientists) to produce 
what from a more traditional perspective 
might seem to be ‘odd’ combinations. On 
this latter score our use of the term as-
semblage echoes that of Latour (2005: 9), 
unsurprisingly given that he too tacitly 
references Deleuze and Guattari in his 
suggestion that ‘actant rhyzome ontolo-
gy’ might have served as a more adequate 
replacement for the term ‘actor-network 
theory’. We especially applaud Latour 
for his use of the verb ‘reassembling’, not 
least for evoking his debt to the process 
philosophy of Whitehead, a debt he shares 
with Deleuze. While we use the noun ‘as-
semblage’ this is always with the under-

standing that this be read processually: 
the assemblage is always in the process of 
assembly (see Halewood and Michael, in 
press).

2 We can also note that the core set can be 
expanded to incorporate matters ‘beyond’ 
the propositional or the epistemic, not 
least those concerning ethics (see Michael 
and Birke, 1994; Hedgecoe, 2006). 

3 This brings to mind Greg Myers’ (1989) 
classic account of the use of politeness in 
scientifi c articles to stake radical claims 
while not appearing to threaten the posi-
tions of other scientists in the fi eld.   

4 Two of the researchers (SW, CW) also ob-
served and interacted with the scientists 
in meetings, in the lab, and at seminar 
and conference presentations. Informal 
conversations with scientists took place 
in all these settings. In addition, one of 
the researchers (SW) participated in nine 
lab workshops for postgraduate biomedi-
cal scientists, learning various laboratory 
techniques.

5 The meaning of ‘understandable’, ‘under-
standing’ and ‘understand ability’ as used 
here clearly has an affective dimension – it 
connotes empathy, or sympathy. As such, 
it resonates with Michael’s (2002) second 
version of understanding (in his review of 
the public understanding of science lit-
erature) as ‘apprehension’ (as opposed to 
comprehension and prehension). This is 
not to say that core set analysis does not 
engage with the affects of scientists.

6  This dynamic is refl ected in what Brown 
and Michael (2003) have contrasted as 
prospecting retrospects and retrospect-
ing prospects.

7 Indeed, despite the classic SSK methodo-
logical tactic of seeking insight by study-
ing controversy, this arguably obscures 
more subtle confi gurations and dynamics 
of the scientifi c ‘assemblage’. 

8  Needless to say, topological temporality 
has been subjected to criticism – see Con-
nor (2004).
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