
This is a Post-Print copy. The final version will be published in Synthese 
doi: https://doi.org/10.1007/s11229-018-1683-1  

Mapping the Continuum of Research
Strategies

Matthew Baxendale12 

Abstract 

Contemporary philosophy of science has seen a growing trend towards a focus on scientific
practice  over  the  epistemic  outputs  that  such  practices  produce.  This  practice-oriented
approach has yielded a clearer  understanding of how reductive research strategies play a
central role in contemporary scientific inquiry. In parallel, a growing body of work has sought
to explore the role of non-reductive, or systems-level, research strategies. As a result,  the
relationship  between  reductive  and  non-reductive  scientific  practices  is  becoming  of
increased importance. In this paper, I provide a framework within which research strategies
can be compared. I argue that no strategy is reductive or non-reductive simpliciter, rather
strategies are more, or are less, reductive than one another according to a frame of reference.
That frame of reference is provided by a continuum of possible ways in which the target
system might be conceptualised. I illustrate the utility of the framework by deploying it to
analyse a recent debate in  cancer research.  When set within the framework, a prominent
reductive strategy – the Somatic Mutation Theory – and a prominent non-reductive strategy –
the Tissue Organisational Field Theory – do not stand opposed to one another. Rather, they
serve as boundary markers to chart the territory of approaches to carcinogenesis within which
most strategies in the field fall.  
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Introduction

A general trend has emerged in philosophy of science that stresses the importance of paying
close  attention  to  the  practice  of  scientists  over  idealised  reconstructions  of  their  work
(Brigandt, 2010; Darden, 2005). One particularly fruitful manifestation of this trend has been
the treatment of the general concept of reduction. The time-honoured tradition of debating
whether theories or explanations, conceived as essentially involving laws, from higher-level
sciences can be reduced to counterparts in lower-level sciences, is giving way to historically
informed accounts of what reductive approaches have involved in practice: in the field, in the
lab,  and in  complex computer  simulations  (Chang,  2015;  Bechtel  and Richardson,  2010;
Wimsatt, 2007; Waters, 2008).

These accounts have underlined the importance of reductive practices in scientific
inquiry  by  refocusing  the  debate  away from the  outputs  of  inquiry  towards  the  research
strategies that produce them; i.e., a practice-oriented analysis. At the same time, much work
has been done towards understanding the increasing role of non-reductive, or ‘systems-level’
research  strategies  in  contemporary  scientific  practice  (Brigandt,  2013;  Green,  2015;
MacLeod and Nersessian, 2015). In some areas of philosophy of science, this has led to a
standoff  between  advocates  of  reductive  and  non-reductive  practices  that  is  somewhat
reminiscent of the standoff between proponents of reductionism and anti-reductionism about
scientific theories, laws and deductive explanations. For example, in cognitive science, some
have  argued  that  dynamic  systems  approaches  to  cognition  simply  cannot  provide
explanations  of  their  target  phenomenon;  explanations  can  only  be  reached  through
decomposition  and  localisation  of  system  properties  to  parts,  their  activities,  and  their
organisation   (Kaplan  and  Bechtel,  2011;  Kaplan  and  Craver,  2011;  Kaplan,  2011;  cf.
Silberstein and Chemero, 2013).3 In some areas of biology, the debate concerns the extent to
which reductive strategies can capture certain dynamic system processes, such as oscillations
and homeostasis (Bechtel, 2015; cf. Issad and Malaterre, 2015). In areas where there is not a
clear standoff between research strategies, there is still arguably a gap between analyses of
reductive and non-reductive strategies such that understanding the relationship between them
in the same scientific field, or even towards the same target phenomenon, is not yet well
accounted for.   

In this paper, I provide a framework for the analysis of research strategies, one that, I
argue, affords a move beyond a standoff between reductive and non-reductive approaches and
within which reductive and non-reductive strategies can be compared and contrasted. I will
demonstrate how the framework can provide analyses of research strategies that reflects the

3  The language of these debates sometimes masks an underlying standoff. For example, Kaplan & Bechtel’s
(2011) strategy to dissolve a standoff between mechanistic & dynamical approaches is to argue that there is no
competition between them because the former is in the business of providing explanations whereas the latter is
not (2011, p. 443; see also Kaplan, 2011, p. 367). To me, this seems less like the dissolution of a standoff and
more like the development of an epistemic standoff – reductive (in the mechanistic sense) approaches explain
whereas non-reductive (at least in dynamic systems modelling) approaches do not. My aim is to move beyond
this kind of epistemic standoff by remaining neutral on the explanatory potential of different approaches and
instead to analyse their relationship to one another in terms of key aspects of system conceptualisation.      
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complex, multifaceted, and dynamic processes of contemporary scientific practice. I argue
that no strategy is reductive or non-reductive simpliciter. Rather, a strategy is more, or is less,
reductive  according  to  a  frame  of  reference.  This  frame  of  reference  is  provided  by  a
continuum of possible  strategies based on the conceptualisation of the target  system. My
argument thus draws attention to an aspect of the practice-oriented approach to reduction that
has been perhaps underutilised so far. In the classic theory reduction debate, reduction is
possible or it is not. Macro-laws, explanations, and generalisations from Mendelian genetics,
for example, are either reducible to counterparts in molecular biology, or they’re not. The
debate thus adhered to a strong dichotomy between reductive and non-reductive theories,
laws,  explanations,  and ultimately  a  reductive  or  anti-reductive  worldview  (Nagel,  1979;
Schaffner, 1967; Hull, 1972; Fodor, 1974). More recently, practice-oriented philosophers of
science  have  developed  nuanced  positions  concerning  this  dichotomy.  Reassessing  the
accuracy  of  cases  classically  considered  to  be  exemplars  of  reduction  in  the  history  of
science,  as  well  as  highlighting  the  importance  of  different  kinds  of  reductive  and  non-
reductive practices in order to solve problems across (and within) scientific fields (Andersen,
2017; Chang, 2015; Kaiser, 2011; O’Malley et al., 2014). Here I want push this point further
beyond the dichotomy and argue that no practice is reductive or non-reductive  simpliciter.
Rather such practices are essentially comparative – a practice is only more reductive or less
reductive than another. Research strategies can be placed on a continuum for the purposes of
comparison  and  analysis.  My  contention  is  that  this  continuum  be  based  on  the
conceptualisation of the target system, which is, in turn, based on the theoretical assumptions
of (1) the susceptibility of the system to decomposition and (2) the dynamics of the system.
As a result, in order to claim that a strategy has a reductive character it must be possible to
understand how that  strategy could be more, or less, reductive in relation to other possible
strategies. This can be done by plotting strategies on the continuum based on the way in
which they conceptualise their target system and comparing this to other possible system
conceptualisations at different points on the continuum (§1).4 

In order to demonstrate the fruitful analysis that this framework can offer, I will apply
it to a recent debate in cancer research concerning two prominent approaches to its origins
and development. One approach is said to be reductive (the somatic mutation theory) and the
other non-reductive (the tissue organisational field theory). I will show how the framework I
offer can provide key insights into the debate. Firstly, it can give a comparative analysis of
the two main approaches the SMT and the TOFT that is faithful to their standing in the field.
It can show how and why the SMT is relatively more reductive than the TOFT. Secondly, it
can do this whilst dissolving the apparent standoff between the approaches. I will argue that
the SMT and the TOFT should be understood, not as rivals, but as boundary markers to chart

4  To  be  clear  I  am  not  suggesting  that  it  is  impossible for  different  research  strategies  to  reach  an
insurmountable  standoff.  Rather,  my  argument  is  that  the  framework  I  develop  here  will  show  that  how
reduction can be understood as a comparative relation rather than being absolute. In the example I discuss here,
apparently  competing  theories  will  be  shown  to  be  boundary  markers  for  a  field  of  inquiry  rather  than
competitors. I am confident that this framework will be generalisable beyond the example I use here. However,
that  expansion  requires  further  empirical  cases  and  their  specific  details,  opening a  project  for  future
development.  
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the territory of approaches within which most strategies in the field fall (§2). Finally, the
framework can provide an analysis of the direction in which the field is developing. I will
present  two  ‘integrated’ or  ‘hybrid’ approaches  and  plot  these  on  the  continuum.  These
approaches will land somewhere between the SMT and the TOFT, allowing for the claim that
overall, cancer research seems to be moving towards exploring more non-reductive strategies,
whilst  maintaining  a  place  for  the  undeniably  important  insights  gained  from the  more
reductive approaches in the field (§3).

1 Research Strategies 

My framework of analysis for research strategies consists in a continuum between more and
less reductive strategies based on key features of the conceptualisation of the target system
that provide a frame of reference for the strategies under consideration given a specific target
system. Before getting to that, we need a general characterisation of a research strategy in
place. There are undoubtedly many concepts available in the literature that might legitimately
be gathered under the umbrella of ‘research strategies’. From very broad categorisations such
as Laudan’s (1977) ‘research traditions’, to more local and problem-orientated accounts such
as; ‘inter-field theories’ (Darden and Maull, 1977) and ‘problem-agendas’ (Love, 2008). Here
I present my own account of a research strategy, not as a rival to other potential accounts but
to draw attention to the key aspects of a strategy that shape its overall character, such that it
can be considered more, or less, reductive. As I will demonstrate below, those key aspects
involve the conceptualisation of the target system and the activities that follow as a result. 

My starting point for an account of research strategies comes from the literature on
reductionism in biology  (e.g.,  Brigandt and Love, 2017) In that literature,  a distinction is
often  made  between  ontological,  epistemological,  and  methodological  reduction  (Ayala,
1974; Kaiser, 2011; Sarkar, 1992; Wimsatt, 2006). The main distinction of interest for my
purposes  is  between  epistemological  and  methodological  reduction.  Epistemological
reduction has focused on whether theories, laws, and/or explanations from one science can be
shown to be special cases of equivalents in other branches of science (Ayala, 1974, pp. vii–
ix). Recently, work in epistemological reduction has moved away from theories and laws and
towards explanations as the unit of analysis. This work often also falls under the umbrella of
practice-oriented analysis,  such as in  the cases of mechanistic explanation  (Craver,  2006;
Craver and Darden, 2013) and Marie Kaiser’s (2015) recent account of reductive explanation
in biology. Furthermore, previously marginalised forms of explanation have received detailed
analysis that invite closer scrutiny of the reductive/non-reductive dichotomy – for example
topological  explanation  (Kostić,  2016) and  constitutive  explanations  (Kuorikoski  and
Ylikoski, 2013). 

Ayala describes methodological reduction as a focus on, “the strategy of research or
the  acquisition  of  knowledge”.  This  sort  of  analysis  has  been  developed  by  Bechtel  &
Richardson and  Wimsatt’s  work  on  heuristics  –  purpose-relative,  efficient,  and  non-truth
guaranteeing strategies, procedures, or rules of thumb for problem solving that are systematic
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in application and transform problems into related but non-equivalent problems  (Wimsatt,
2006, p. 465; Bechtel and Richardson, 2010, pp. 8–16). In short, methodological reduction
focuses on what scientists do in order to tackle their research questions. 

Generalising beyond reductionism per se, this distinction can be mapped onto a more
general one between analyses of research strategies and analyses of the epistemic outputs of
those strategies – reductive or otherwise. Where we see a commitment to a practice-oriented
approach there  is  often  only  a  fuzzy  line  between a  focus  on  explanatory  practices  and
methodological practices;  with  useful  overlap  between  the  two.  Here,  I  am  centrally
interested in showing how a fruitful framework for analysis can be developed by focusing
closely on the practice of scientists investigating a target system and the assumptions that are
required in order to investigate it in a particular way. More specifically, I am concerned with
the conceptualisation of the target system of inquiry and the direction of research that follows
from those assumptions. Thus, I cast my analysis in terms of research strategies rather than
epistemic outputs without denying important overlaps between analyses of the two. 

My account of a research strategy contains four elements. The first is a well-defined
explanandum – a clearly spelled out question or target of inquiry that serves to motivate and
focus epistemic inquiry. When attempting to compare and contrast research strategies, the
well-defined explanandum gives an indication that the respective strategies in question are
dealing  with,  at  least  approximately,  the  same  target  phenomenon.  Related  to  the
explanandum is the second element: a level of abstraction at which the inquiry is to proceed.
Fixing the level of abstraction at which the system-level property emerges (the boundary of
the target system of inquiry)  is  crucial  for the purposes of comparing approaches on the
continuum of research strategies I  develop below. Specifically,  it  is  important in order to
assess the respective strategies in terms of component or interaction dominance; notions I
will  articulate  in  §1.2  below.  In  contrast,  it  is  the  differences  in  the  proposed  level  of
abstraction at which the explanans for the system-property are posited that are reflected in the
relative positioning of research strategies on the continuum. The third element is practical
methodological assumptions. These may include equipment used and certain experimental
techniques, as well as the setting and mode of inquiry for the experiment(s). For example,
will the experiment take place in the field or in the laboratory? Are the experiments to be
conducted in vitro, in vivo, or in silico? If computer simulations are required (in silico) how
will these be set-up and what procedures will be adopted? 

The final element is theoretical assumptions.  These assumptions form the basis of
what point on the continuum a research strategy is positioned relative to another by making
assumptions about the structure and features of the target phenomena. These assumptions
may comprise a wealth of different commitments about the causal features of a system, the
organisational  and constitutive  features  of  system, the boundaries  of  the system,  and the
relation of the target phenomena to other systems. Overall the theoretical assumptions result
in the conceptualisation of the target system. All four of these elements constrain each other
and are influenced by one another. Rather than a hierarchical structure, they are mutually
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dependent and dynamically responsive to changes.5 Nevertheless, my contention is that the
conceptualisation of the target system shapes the overall character of the research strategy. I
will focus on two broad aspects of system conceptualisation and show how they inform a
strategy  of  research:  (1)  the  system’s  susceptibility  to  decomposition  and  (2)  the  key
dynamics  of  the  system.  These  aspects  of  system  conceptualisation  will  serve  as  the
landscape of the continuum.

 
1.1 Decomposition 

Decomposition  is  the  process  of  breaking down a  system into  its  component  parts.  The
process includes carving out the  boundaries  of the system from the environment  (Wimsatt,
2006, 2007), as well  as the internal break down of the system’s components structurally,
functionally,  or  both  (Bechtel  and  Richardson,  2010;  Kaiser,  2015,  p.  75).  Bechtel  and
Richardson’s analysis of decomposition (2010, p. 26) begins with the division of systems into
three types: aggregative, component, and integrated. These systems are divided by, amongst
other  things,  their  susceptibility  to  decomposition:  aggregative  systems  are  simply
decomposable;  component  systems  are  nearly  decomposable;  and  integrated  systems  are
minimally decomposable.

Aggregative systems are simply decomposable in the sense that they meet several
conditions. The system continues to function and remains invariant in terms of properties at
the system level:  first,  regardless of the rearrangement or interchanging of parts. Second,
when the number parts are added or taken away (that is, the quantity of parts does not affect
the  system,  the  qualitative  features  of  those  parts  may  do  so).  Third,  regardless  of  any
particular operation of decomposition and re-aggregation of parts (you can take the system
apart  and put  it  back together  in any number of ways without  affecting the system-level
properties). Finally, there are no co-operative or inhibitory interactions among parts. These
conditions capture the strength of dependence of the system on its parts and, due to their
severity, it is argued that all of these conditions are hardly ever concurrently met, particularly
in natural systems (Wimsatt, 2007, pp. 279–281).     

Component systems are nearly decomposable in Herbert Simon’s (1996, pp. 197–198)
sense  of  the  concept  when  interactions  within  a  component  (or  part)  are  stronger  than
interactions  between  components  (or  parts).  Near  decomposition  of  systems  into  sub-
components takes place by mapping the strength of interactions within the system in order to
calibrate relative frequencies of interaction. Where clumps of interactions can be detected,

5  For example, often practical decisions or practical obstacles will strongly affect system conceptualisation
(theoretical assumptions). Simplifying assumptions are often required given limitations of experimental tools
available  or  a  lack  of  knowledge about  the  system  at  a  given  stage  of  inquiry e.g.,  in  the  search  for  an
appropriate unit  of intervention for the system.  Assumptions such as studying parts in isolation from their
environment context (Kaiser, 2015, pp. 225–229), or homogenising or fixing environmental factors in space and
time  (Wimsatt,  2007,  pp.  347–352)  sometimes  (but  not  always)  follow  from  these  sorts  of  practical
considerations.  In  this  paper,  my  analysis  is  focused  on  the  theoretical  assumptions  that  result  in  system
conceptualisation as  a  starting point  for  a  framework of  analysis.  Should this  analysis be convincing,  then
important specificity will surely be added with a thorough treatment of how and why those given theoretical
assumptions are adopted, however that work remains for later development.  
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decomposition into subcomponents can occur. This will give a more fluid decomposition than
simple decomposition, the boundaries of each component will not be so discrete and some
organisational  constraints  on the  system may arise.  Nevertheless,  each  component  in  the
system  will  “operate  primarily  according  to  its  own  intrinsically  determined  principles”
(Bechtel and Richardson, 2010, p.  25) That is,  for both simply and nearly decomposable
systems  the  components  are  relatively  independent  of  one  another  –  parts  will  function
relatively independently of the whole system within which they are embedded. 

For integrated systems, susceptible only to minimal decomposability, the situation is
different in that “systemic organization is significantly involved in determining constituent
functions” (ibid, p. 26). In other words, the component parts fail to be functionally discrete
from  each  other  and  system-wide  interactions  will  affect  the  functioning  of  individual
components. In such systems it is neither possible to functionally decompose the system into
sub-components  nor  functionally  localise  the  system-level  properties  to  physical  sub-
components.  What  this  means  in  practice  is  that  the  research  strategy  will  be  forced  to
abstract away from internal structure and construct models with the aim of capturing the
operations  required  to  produce  and  maintain  the  system-level  behaviour;  a  strategy  that
Bechtel  and  Richardson  (ibid,  p.  20)  label  as  ‘synthetic’ in  contrast  with  the  ‘analytic’
strategies of reductionist programmes. For integrated systems, then, rather than a focus on
decomposition,  the  strategy will  attempt  to  identify  organisational  constraints,  sometimes
called organisational principles (Wolkenhauer and Green, 2013), or design principles (Green,
2015), that arise from interactions between the components of the system.  
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Figure 1.1. A Partial Continuum of Research Strategies. The double-arrowed line outside the box 
represents the scale of how reductive a strategy is; more towards the left, and less towards the right. 
The labels at which the arrows point represent a never reached value – i.e., a strategy is, say, more 
reductive but there is no, final, ultimately reductive strategy. The dashed box represents the 
deconstruction of that scale. At this stage there is one dimension inside the box; decomposability, 
again, more to the left and less to the right. The straight vertical lines on the dimension of 
decomposability represent three idealised paradigm points – i.e., they do not (necessarily) represent 
real system conceptualisations, rather they provide fixed points around which an analyses of a 
research strategies can be oriented.
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The conceptualisation of the target system as aggregate, component, or integrated in virtue of
its  susceptibility  to  decomposition  gives  the  first  measure  for  a  continuum  of  research
strategies seen in figure 1.1. Decomposition thus affords the first general feature available for
the comparison of research strategies: a research strategy will be more reductive the more it
conceptualises its target system as susceptible to decomposition (the further to the left on the
continuum it  positions  its  target  system).   A mechanistic  system, for example,  should be
placed  roughly  around  the  centre  of  the  map  –  it  is  near  decomposable  into  relatively
discretely functioning components. Thus, a research strategy embedded in the mechanistic
approach  is  reductive  relatively  speaking i.e.,  it  is  more reductive  than  a  strategy  that
conceptualises its target system as comprised of highly dependent components that fail to be
functionally discrete (towards the right-hand side of the map) but it is not  as  reductive as
strategies that conceptualise their systems further to the left of the map – fully decomposable,
aggregative systems. 

1.2 Dynamics 

Another measure of the conceptualisation of a target system is the prevalence of certain key
system dynamics; dynamics that emerge only at (are properties of) the system as a whole,
rather than any of the individual components. Many sorts of interaction fall under the label of
‘system dynamics’ but here I want to focus on a few key dynamics that seem to be most
indicative of the sort of strategy adopted by researchers who focus on them. Furthermore, it
makes sense to cluster these concepts together because (a) they often arise together with the
presence of one strongly suggesting, as well as explaining, the presence of others and (b)
because whilst none of them alone tend to be considered as ‘sufficient’ for a system to be
integrated,  the  recognition  of  several  of  them  in  one  system  usually  results  in  the
conceptualisation of the system as such (Ladyman et al., 2013, pp. 36–40; Mitchell, 2009, pp.
35–44).  The  system  dynamics  I  refer  to  are  non-linearity,  feedback  loops,  and  self-
organisation (understood as a result  of distributed control).  Furthermore,  I will  group the
presence or absence of these key dynamics in the conceptualisation of a target system under
two broad categories that I borrow from dynamic systems theory (1) component dominance
and (2) interaction dominance  (Holden et al., 2009; Favela, 2015; Favela and Martin, 2017). 

These features can be outlined and explained through a tried and tested example – the
flight of a flock of birds. Starting with feedback, for the flock of birds this can be understood
as the movement of an individual bird being affected (or constrained) by the movement of the
flock  as  a  whole.  More  abstractly,  feedback  results  in  dependence  loops,  such  that  the
function of a component can be affected by the functioning of another component that it sent
signals  to  at  a  previous  time-step.  A related  feature  of  the  flock  is  that  the  interactions
between the individual birds – the components of the system – are non-linear. Non-linearity
refers to the idea that the output effects of a system are not straightforwardly proportionate to
their  inputs;  non-linear  interactions  are  not  additive.  Additive  interactions  mean  that  the
output of the interactions will be nothing more than the summation of the interactions of the
components.  In  contrast,  the  output  of  non-linear  interactions  cannot  be  ascertained  by

8



This is a Post-Print copy. The final version will be published in Synthese 
doi: https://doi.org/10.1007/s11229-018-1683-1  

summing (adding up) the values of the components.  In the case of the bird flock, this means
that understanding how it moves will not be ascertained by assessing the function of each
individual  bird and adding them together as linear sequence of events.  Looming large in
discussions of non-linearity is the spectre of that philosophically nefarious phrase ‘the whole
is  more than the sum of  its  parts.’ By claiming that  a  system’s dynamics are  non-linear,
nothing metaphysical or strongly emergent needs to be implied. Rather, the claim is merely
that global (system-wide) information about the interactions between the components across
time-steps is required to understand a (or the) robust system property of interest.6

Within the flock of birds there is no one bird (nor a specific sub-collection of birds) in
the  flock  that  is  responsible  for  measuring,  controlling,  or  implementing  changes  to  the
synchronised movement of the flock. Thus, the flock of birds can be understood as a system
with  distributed  control.  Distributed  control  means  that  relatively  stable  system-level
behaviour is generated solely by the system-wide interactions of its components, rather than
as the result of any sort of blueprint or directed series of events; resulting in the appearance of
what is often referred to as ‘self-organisation’ within a system. 
The structure of the relationship between these kinds of dynamic interaction is often precisely
the question at issue when studying systems that are conceptualised as integrated. Presumably
there will be many ways in which such dynamical patterns of interaction jointly result in
system-level properties in such systems. Furthermore, my exposition here is in intended as a
typical, but not exhaustive, list of the sorts of dynamics that may be of interest to researchers.
Accordingly,  this  brief  explication  of  the  dynamical  interactions  is  merely  supposed  to
highlight some key patterns of interaction that are often invoked together when exploring
certain kinds of system; resulting in certain sorts of research strategies.

Finally, I borrow an addition from dynamic systems theory – namely a distinction
between  component  dominance  and  interaction  dominance  (Holden  et  al.,  2009;  Favela,
2015). For my purposes, if a system is conceptualised as having these key system dynamics
then  the  system  will  qualify  as  interaction  dominant;  if  not  then  it  will  be  component
dominant. These categories also sit on a continuum and are thus not supposed to be absolute,
i.e., systems will be relatively more or less component dominant (fig. 1.2).7 The presence and
prevalence of those dynamics will be gradual and relative. I use these terms because their
characterisation in the literature nicely corresponds with the processes of decomposition –
linking the two measures together on the continuum of research strategies. Recall that under
Herbert  Simon’s  definition near  decomposition occurs when the strength or  frequency of
interaction within parts in stronger than between parts. Consider that component dominance is
characterised  as  when,  “dynamics  within  components  dominate  interaction  among
components” (Holden et al., 2009, p. 319 emphasis added), with interaction dominance being
when, “dynamics or properties of the interactions among parts supersede those that the parts

6  For a detailed but clear and accessible explication of nonlinearity see Favela (2015, pp. 45-47).  

7  I should be clear that these usages of interaction dominance and component dominance are inspired by, but
not  necessarily  the  same as,  their  usage in  dynamic systems theory.  However,  I  think my use of  them as
container terms for the dynamics of a system is certainly still faithful to what they represent in dynamic systems
theory.  
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would have had separately” (Favela, 2015, p. 44). Thus, when considered in these terms, the
conceptualisation  of  the  dynamics of  a  system constrain  the  appropriate  degree  of  near-
decomposability for a system and vice-versa.  

Putting this all together, we get the full continuum of research strategies shown in figure 1.2.
The spike of ‘interaction dominance’ denotes the point at which the key system dynamics of
feedback,  non-linearity,  and  distributed  control  become  of  central  importance  to  the
conceptualisation of the target system. As the system moves further to the left it begins to
background these dynamics and move towards component dominance. The two spikes also
link the dynamics of the system directly to its susceptibility to decomposition. On the map,
both forms of dominance (both collections of system dynamics, or lack thereof) are linked to
types  of  near-decomposition.  As system conceptualisations  move further  to  the right,  the
decomposability  becomes  ever  more  minimal.  Moves  to  the  left  will  mean  increasingly
straightforward  decomposition  strategies.  Hopefully,  the  notions  of  interaction  and
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Figure 1.2. The Full Continuum of Research Strategies. Inside the dashed box we now have a second 
dimension representing a focus on system-wide dynamic interactions; less towards the left and more 
towards the right. As in figure 1.1 the labels at which the arrows point represent never reached values – 
no system is thought to be the ultimately dynamical system. Like the dimension of decomposability, this 
second dimension also has vertical lines representing idealised paradigm points – component & 
interaction dominance – around which to orient analyses of research strategies. Further, these points 
serve to link the dimensions of decomposability & dynamics through the concept of a near 
decomposition.
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component dominance demonstrate the strong link between the measures of decomposability
and dynamics in system conceptualisation. It doesn’t seem plausible to claim that one of these
measures  is  a  result  of  the  other,  rather  they  are  intimately  linked.  A system  will  be
conceptualised as susceptible to less decomposition because it displays interaction dominant
dynamics and  concurrently the prevalence or importance of interaction dominant dynamics
will strongly suggest that strategies of decomposition and localisation may fail to capture the
target phenomenon.     

One  way  to  understand  why  such  a  strategy  may  fail  is  to  consider  what  the
appropriate manipulation of a target system might be. If a system is mechanistic, in the sense
of near decomposable and displaying minimal key dynamics, one could manipulate any one
of the system components to observe a direct effect on the functioning of the whole systems
and  thus,  presumably,  ascribe  the  system-failure  to  that  one  (now)  malfunctioning
component.  In  contrast,  a  minimally  decomposable  system  displaying  the  dynamics  of
feedback loops, distributed control, and non-linearity, manipulations on a single component –
say a single bird – may have no effect at all on the functioning of the system. Alternatively, it
may have completely unexpected downstream effects due to its involvement in a feedback
loop and its participation in the distributed control of the whole system. 

Similarly, often mathematical modelling and in silico  experimentation become more
prevalent when systems are conceptualised as exhibiting system-wide dynamic properties.
This is because (1) the modelling of such dynamics involves analysis  of computationally
expensive high-throughput data and (2) capturing dynamic interactions that occur only across
the system as whole, such as nonlinear interactions that exhibit disproportionate relationships
between collective  variables  and order  parameters.  (Brigandt,  2013;  Issad  and Malaterre,
2015; MacLeod and Nersessian, 2015).

2 Deploying the Framework 

With the details of the continuum that comprises this framework specified, I will now apply it
to an example. The purpose of this example is to illustrate how research strategies can be
plotted  on  the  continuum  and  analysed  in  terms  of  their  character  relative  to  another.
Furthermore, I will show how placing these strategies on the continuum allows us to see two
prominent approaches in the field as marking the boundaries of current research strategies,
rather than as representing a standoff between reductive and non-reductive approaches to the
target phenomenon. In §3 I will demonstrate how the framework can track the direction in
which the field is  moving relative to these boundary markers.  The example I draw on is
recent developments in the field of carcinogenesis; the study of the origins and development
of cancer. A common distinction is made between hereditary & sporadic cancers with the
latter being loosely defined as not the result of inherited genetic mutations and makes up
between 95% and 98% of known cancers (Sonnenschein and Soto, 2008, 2011) Technically,
then, I will be focusing on research into the origins, causes, and development of  sporadic
cancers. That being said, in either case, the primary goal of cancer research is to understand
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the complex interplay between a variety of factors – including environmental, developmental,
and genetic – that result in the origins and development of cancer. 

2.1 The Somatic Mutation Theory & the Tissue Organisational Field Theory

To date, the two most influential – or at the least most discussed and analysed in philosophy
of science – theories that focus on sporadic cancer development are the Somatic Mutation
Theory (SMT) and the Tissue Organisational Field Theory (TOFT). Saliently, these theories
have been pitched as taking  reductive  and  non-reductive  approaches to cancer, not only by
philosophers  discussing  them  (Bertolaso,  2009),  but  by  scientists.  For  example,  the
originators of the TOFT, Ana Soto and Carlos Sonnenschein have published several papers in
which they explicitly argue that their approach is ‘organicist’,  ‘integrative’, and generally
‘non-reductive’, and stand their strategy of research in explicit contrast to what they perceive
as the ‘reductionist’ approach embodied in the SMT (Soto and Sonnenschein, 2005a, 2005b,
2011).  The  relationship  between  these  two  theories  of  carcinogenesis  has  become  of
increasing interest  both to scientists  (Baker,  2015) and philosophers alike  (Bedessem and
Ruphy, 2015; Bertolaso, 2009, 2011). Here I will briefly lay out their key points of difference.

I need to strongly stress that my intention is neither to weigh in on the relative merits
of either theory nor to claim that these quick characterisations fully capture their nuances. My
focus is on the research strategies pursued by contemporary researchers in carcinogenesis and
demonstrating that the framework I offer can afford an analysis of those strategies that fully
reflects  the complex,  multifaceted,  and dynamic processes in  scientific  practice.  Like the
‘paradigm points’ I  used  to  set-up  the  continuum of  strategies  in  §2  (aggregate  system,
component  system,  and  integrated  system)  I  will  use  these  ‘theories’ as  markers  on  the
continuum to asses in which direction the field is moving as a whole.   

The classic SMT focuses on DNA mutation as the primary cause or origin of cancer. I
am labelling  what  follows  as  the  ‘classic’ SMT to  differentiate  it  from the  most  recent
incarnations of the SMT (more on this below) and reinforce the point that I am using both the
SMT and TOFT as markers on the continuum of research strategies. The classic SMT can be
elucidated by articulating its three main principles: 

(1) Cancer  is  derived  from  a  single  somatic  cell  that  has  successively  accumulated
multiple DNA mutations (monoclonality).

(2) Those mutations occur on genes that control cell proliferation and the cell cycle.
(3) Implicitly the default state of cell proliferation in metazoa is quiescence (quiet, still,

or inactive) (Sonnenschein and Soto, 2008, p. 3). 

The  core  of  the  SMT theory  states  that  cancer  is  to  be  explained  by  articulating  the
mechanism that  starts  with multiple DNA mutations on certain genes (oncogenes).  These
genes affect the cell cycle and cell proliferation, and results in uncontrolled cell proliferation
and  tumour  growth.  A specific  example  of  a  form of  SMT is  presented  by  Hanahan  &
Weinberg  (2000) and  Weinberg  (1998).  Hanahan  &  Weinberg  (2000,  p.  57) argue  that,
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“cancer cells have defects in regulatory circuits  that govern normal cell  proliferation and
homeostasis.”  They  identify  six  ‘essential’  alternations  in  cell  physiology  that  dictate
malignant  growth.  These  are:  self-sufficiency  growth  signals;  insensitivity  to  growth
inhibitory  signals;  evasion  of  programmed  cell  death  (apoptosis);  limitless  reproductive
potential; sustained angiogenesis (the development of new blood vessels; and tissue evasion
(ibid,  p. 57-58). These six alterations fill  out (2);  they spell  out exactly what the genetic
mutations affect in the cell proliferation mechanism and cell cycle. They also implicitly adopt
(3) by indicating that ‘normal’ cells (cells without these altered mechanisms) are subject to
intra-cellular constraints on growth. In other words, it is the processes within the cell itself
for both normal and abnormal cells that dictate the default state of the cell; that state being
quiescence. Finally, by placing the focus of research firmly within the cell they also adopt (1).

The TOFT is an alternative to the SMT, chiefly promoted by Ana Soto and Carlos
Sonnenschein (2005a; 2008; 2011). Soto and Sonnenschein characterise their theory in direct
contrast to the SMT. Firstly, they deny that quiescence is the default state of cells, rather they
argue that proliferation is the default state of cells. They note that, “among microbiologists, it
is axiomatic to accept that  proliferation  is the default state of prokaryotes and unicellular
eukaryotes” (Soto and Sonnenschein, 2011, p. 2). They argue that researchers seemed to have
ignored this issue in cancer research and for multi-cellular eukaryotes more generally rather
than  providing  any  argument  or  conclusive  experimental  data  against  it.  They  have
demonstrated  their  hypothesis  in  experiments  on  estrogen  target  cells  (Soto  and
Sonnenschein, 1987) and others have attempted to corroborate this hypothesis with research
on the active maintenance of quiescence in lymphocytes (Yusuf and Fruman, 2003). 

Secondly, they argue that carcinogenesis originates in a failure of tissue organisation
rather than as the result of a single somatic cell with mutated DNA. To be more specific,
carcinogens disrupt  the organisation of  the tissue including the morphogenetic  fields  and
various components in the extra-cellular matrix. The concept of a ‘morphogenetic field’ was
developed by the Organicist  Joseph Needham  (1931) and Soto & Sonnenschein,  at  least,
explicitly align themselves with an ‘organicist approach’. The interference of carcinogens to
the organisation of the tissue causes a break-down in negative controls on epithelial cells,
which in turn enable them to express their constituent  property of proliferation, a process
known as hyperplasia. Thus, for the TOFT, the proliferation of cells responsible for tumour
growth  is  to  be  explained  by  the  break-down  in  tissue  organisation  rather  than  the
uncontrolled proliferation of a single malignant cell with mutated DNA. 
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2.2 Placing The SMT and TOFT on the Continuum 

  

The classic SMT and the TOFT can be plotted on the continuum as shown in figure 2.  For
both approaches the system-level property of interest (the well-defined explanandum for the
research  strategy)  is  the  genesis  and  development  of  sporadic  cancers.  The  level  of
abstraction at which the system-level property emerges is the tissue, or organ, level. Cancer is
usually  taxonomically  classified  by reference  to  the  organ or  tissue  mass  it  is  found in;
pancreatic  cancer,  bowl  cancer,  breast  cancer,  and  so  on.  For  both  approaches  some
decomposition is of course required such that the organ-level presentation of the disease is
broken down into the cellular components of the organ i.e., the epithelial cells.

The epithelium is the collection of epithelial cells that line and cover all organs in
animals (as well  as their  skin).  The stroma is the collection of cells  (such as fibroblasts,
adipocytes, and mast cells)  that make up the main tissue of the organ and are embedded
within an extracellular matrix (i.e., they are not necessarily tightly packed together). As far as
susceptibility  to  decomposition  goes,  the  two approaches  begin  to  differ  after  this  initial
system boundary demarcation. The classic SMT postulates that exposure to carcinogens will
result in a DNA mutation in a single epithelial cell affecting key aspects of its cell-cycle
resulting in hyperplasia (uncontrolled cell proliferation). Thus, the SMT takes the tissue to be
decomposable into functional subcomponents – first epithelial cells, then nucleus of a single
cell,  and  ultimately  DNA  being  identified  as  the subcomponent  responsible  for  the
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development  of  cancer  in  the  tissue  as  a  whole.  This  picture  of  decomposition  and
localisation is why I place the classic SMT just over the left-hand side of the continuum. 

The TOFT treats the tissue as a less decomposable system. The focus of the TOFT is
on epithelial-stroma interaction rather than decomposition and functional localisation within
subcomponents. For the TOFT cancer occurs only at the scale of tissue organisation, thus
decomposition of, for example, the epithelium cell, would be an inappropriate strategy. For
the TOFT, very little  relevant information could be gained from further decomposing and
localising the system (the tissue) to the extent that the SMT suggests (Sonnenschein and Soto,
2011). The goal of the TOFT is to investigate the various interactions between the epithelial
and stromal elements of the tissue that (a) enable the tissue to maintain its structural and
functional integrity throughout constant change, and (b) identify those key pathways that,
when  disrupted,  result  in  the  controls  and  constraints  on  epithelial  cells  being  removed
resulting  in  hyperplasia.  In  other  words,  the  TOFT focuses  on  identifying  organisational
constraints on the system that, when disrupted, result in a loss of functional capacity and
ultimately failure to maintain regular control (a synthetic strategy).  

As noted above, the measures of decomposition and dynamics are intimately linked. I
have placed the SMT just short of the ‘component dominant’ spike. This is because, whilst
dynamic interactions have a role to play in the SMT, the approach focuses on component-
specific dynamics in favour of  system wide  dynamics – namely interactions between genes
within the DNA of the cell rather than across the tissue as a whole. For the SMT, feedback
mechanisms and perhaps even nonlinear dynamics play a role in the theory but only in the
sense that gene regulation networks (GRNs) and normal processes of cell growth signalling
and apoptosis, for example, exhibit these properties. The quest to understand gene regulation
networks and their relationship to carcinogenesis comprises a substantial area of inquiry in
contemporary cancer research – cancer genomics. Projects such as the NIH’s The Cancer
Genome Atlas (https://cancergenome.nih.gov), have sought to taxonomise different cancers
by compiling their complete genome, with the hope of developing novel treatments, detection
methods, and prevention strategies (Stratton et al., 2009; Tomczak et al., 2015). Considered in
isolation GRNs are highly dynamic and integrated systems. However, when placed in the
context of the SMT, they instead highlight the component dominance of the SMT. Recall that,
the level of abstraction must be fixed for comparison on the continuum and for approaches to
carcinogenesis  this  is  the level  at  which different  cancers  are  categorised – the tissue or
organ.8 Given the fixity at the tissue-level, the SMT is component dominant because the study
of highly dynamic GRNs represents a focus on dynamics within components (i.e., within the
cell nucleus) rather than between the components (epithelium-stroma interactions).  

The TOFT ends up past the interaction dominance spike, in part, because it places the
nonlinear feedback interactions between stromal and epithelial components at the forefront of

8 As  testament  to  this  claim,  even  for  the  Cancer  Genome  Atlas  project  almost  all  33  types  of  cancer
investigated are classified according to the tissue/organ in which they present, and then further sub-classified at
the molecular level. Squamous Cell Carcinoma is an exception, although the project focused only on squamous
cells  collected  from  the  mouth,  nose,  and  throat.  Full  list  is  available  here:
https://cancergenome.nih.gov/cancersselected.

15

https://cancergenome.nih.gov/cancersselected


This is a Post-Print copy. The final version will be published in Synthese 
doi: https://doi.org/10.1007/s11229-018-1683-1  

the conceptualisation of the target system as a whole. For the TOFT, the primary focus of
inquiry is on the cell-wide mechanisms rather than individual cells. For the TOFT, then, DNA
mutations  are  an  effect  of  serious  disruptions  of  feedback  mechanisms  in  the  tissue
architecture whereas for the SMT, DNA mutations are the cause of such disruptions. 

The  case  of  cancer  genomics  highlights  an  important  point  when  thinking  about
system-wide dynamics more generally. The term ‘system-wide’ is, of course, relative to the
level of abstraction at which one is working and thus an informative use of the term requires
the level of abstraction to be fixed before any comparisons can be made between approaches.
If  GNRs were defined as the system of inquiry for cancer research, then that system would
indeed be highly dynamic and integrated. GRNs would sit far to the right of the continuum of
research strategies. However, in cancer research GRNs are a  subcomponent in the overall
system and thus their  role in  the overall  study of cancer must  be understood as tracking
within  component dynamics. GRNs may well  be studied in isolation from the rest  of the
system but their contribution to the system will ultimately have to be re-contextualised (put
back into the context of the system) in order to understand any given type of cancer. Studying
subcomponents  as  if  they  were  isolated  from  the  system  is  a  hallmark  of  reductionist
strategies (Kaiser,  2015, pp. 225-229). The fact that projects  such as the Cancer Genome
Atlas have risen to prominence in the field is indicative, not that the genome is the level at
which cancer ought to be characterised, but that GRNs are excellent subcomponents to isolate
from the system and study. The differences between approaches to cancer research concern
what role the subcomponent of GRNs plays in the system. If we start from the left – the SMT
– they play a larger role and as we move to the right – towards the TOFT – the output of that
subcomponent is considered to be of  less importance  to the production of the system-level
property of carcinogenesis, than the interactions between cellular components of the system.

As  for  control  mechanisms,  for  the  classic  SMT,  DNA is  pulling  all  the  strings.
Cancer is the result of the functional activity of an individual cell, itself driven by a specific
mutation(s),  thus the development and spread of cancer throughout the tissue is  centrally
controlled and organised by DNA expression. Recall that for the SMT the default state of the
cell is quiescence. So, cancer development is a gain of function process for a single epithelial
cell – that cell has gained control of a process that will ultimately lead to the destruction of
the tissue. In contrast, the TOFT places focus on the breakdown of system-wide interactions
that  normally  maintain  the  integrity  of  the  tissue  architecture.  The  failure  of  system
constraints leads the epithelial cell to return to its  default  state of proliferation – no gain of
function, just loss of control. In other words, the control mechanisms that are relevant to the
development of cancer in the tissue are distributed across the tissue-wide constraints that are
normally in place and not functionally localisable to particular sub-components within the
tissue. 
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3. The Direction of Cancer Research: Hybrid Approaches 

So far, I have given an analysis of the research strategies of the SMT and TOFT according to
which the research strategy associated with the classic SMT has a more reductive character
than the one associated with the TOFT. Importantly, this is not the same as claiming that the
SMT takes a reductive approach where the TOFT is holistic or non-reductive in terms of its
research  strategy.  Rather,  ‘reductive’  and  ‘non-reductive’  are,  under  this  framework,
essentially comparative terms. This is a subtle but important point. It affords a move past a
strict  standoff  between  the  two  theories.  Rather  than  envisioning  cancer  research  as
comprised of two entrenched approaches – one reductive, one non-reductive – we can use the
markers of the classic SMT and the TOFT to map the width of approaches taken in the field
to understanding the target phenomenon of carcinogenesis. The classic SMT and the TOFT
mark boundaries on the continuum within which a whole plethora of research strategies are
utilised. The classic SMT marks the edge of the more reductive approaches, whilst the TOFT
carves a boundary at the less reductive end. We can expect most of the approaches in the field
to fall within this boundary, and fewer to fall outside of those markers. Thus, marking the
SMT  and  the  TOFT  on  the  continuum  has  two  purposes,  firstly  to  illustrate  how  the
continuum can  be  used  to  analyse  and  compare  different  approaches  to  the  same target
phenomenon, and secondly, to chart the territory of approaches in the field using the SMT
and the TOFT as boundary markers within which most research in the field will fall.   

The framework can be used to do more work than analyse the research strategies
employed by these two prominent theories and mark the boundaries of the approaches taken
in the field. It also can be used to track, or give an indication of, the direction in which the
field is developing. Recently, some philosophers have advocated for an integrated approach
to carcinogenesis  (Bertolaso, 2009; Bedessem and Ruphy, 2015; Morange, 2007; Plutynski,
2013).  Concurrently,  scientists  have been developing ‘hybrid’ or integrated approaches to
cancer research – hybrid in the sense of combining important insights from the classical SMT
and the TOFT (Rückert et al., 2012; Rosenfeld, 2013).  My claim is that the framework I
offer can help make sense of these developments  in terms  of the character of the research
strategies they adopt. It can demonstrate how the field is moving in the direction of exploring
non-reductive strategies (moving to the right of the continuum) whilst  still  maintaining a
central role for the important insights gained from more reductive approaches like the classic
SMT.

Calls for an integrated approach are motivated by a continuing series of landmark
experiments that seem to show that both approaches have serious merits. On the TOFT side
of things, Maffini et al.,  (2004) showed that whilst stromal exposure to the carcinogen  N-
nitrosomethyluera (NMU) resulted in tumour growth in the mammary gland of mice, NMU
exposure  to  the  epithelial  cells  did  not  result  in  tumour  growth,  strongly  indicating  the
primary role of stromal organisation in tumour growth and casting doubt on the role of DNA
mutation  in  the  epithelial  cells.  Greenman  et  al. (2007) found  isolated  so-called  ‘zero-
mutation tumours’, tumours in which  no  DNA mutations occurred. Zero-mutation tumours

17



This is a Post-Print copy. The final version will be published in Synthese 
doi: https://doi.org/10.1007/s11229-018-1683-1  

are not easily accommodated on the SMT, but the TOFT can do so for similar reasons to the
Maffini study. Furthermore, Mally and Chipman (2002) demonstrated the possibility of ‘non-
genotoxic carcinogenesis’, tumours that developed with chemicals known not to affect DNA
such as chloroform and p-dichlorobenzene. Once again, the TOFT can accommodate such a
possibility by noting the effect that these chemicals have on gap junctions. Gap junctions are
intercellular  connections  that  allow  for  the  transfer  of  various  cellular  components  and
electrical signals (synapses, for example, are gap junctions). Clearly gap junctions will be
crucial  to  the  maintenance  of  tissue  organisation,  so  their  disruption  resulting  in  the
development of cancer is to be expected under the TOFT but left unexplained by the SMT
(See Baker, 2015 for a rundown of seemingly TOFT supporting experiments). 

On the SMT side of things, some studies have shown that certain mutations have a
very high prevalence across cells in certain types of tumour. Vaux (2011) uses such studies to
argue  that  these  systematic,  rather  than  random,  correlations  are  left  unexplained  by the
TOFT but  align  well  with  what  the  SMT predicts.9 Stephens  et  al.,  (2011) present  data
consistent with the SMT’s claim that carcinogenesis is  the result  of a single catastrophic
genetic event. On the clinical side of things, whilst new target therapies are on the increase
that take a view more akin to the TOFT  (Baker,  2009;  Bissell  and Hines,  2011),  current
clinical successes based on SMT influenced approaches give large weight to the plausibility
of the theory given what is ultimately the main goal of cancer research – prevention and
treatment (see  Bedessem and Ruphy, 2015, p. 260 for discussion of the clinical role of the
SMT). 

The combination of successes and shortcomings in both approaches motivates moving
beyond a dichotomy between the SMT and the TOFT – beyond a stand-off between reductive
and  non-reductive  approaches  –  and  towards  hybrid  or  integrative  approaches  to
carcinogenesis. It is worth noting that the  classic  SMT (as I have called it) has of course
continued to  develop.  Robert  Weinberg’s  book  One Renegade  Cell (1998) served as  the
textbook for the classic SMT but of course Weinberg has continued to update the theory in
response  to  some key experiments  (Hanahan  and Weinberg,  2000,  2011).  In  a  reflective
recent article Weinberg concludes: 

“So, perhaps ironically,  we have come full  circle,  beginning in a period
when  vast  amounts  of  cancer  research  data  yielded  little  insight  into
underlying mechanisms to a period (1980–2000) when a flurry of molecular
and  genetic  research  gave  hope  that  cancer  really  could  be  understood
through simple and logical reductionist thinking, and finally to our current

9 On a cautionary note, this issue remains contested. On the one hand intra-tumour heterogeneity (ITH) is a
major area of research, with some claiming that  genetic (as well as epigenetic and phenotypic) ITH is now
widely recognised across many major tumour types; putting some pressure on Vaux’s argument (Marusyk et al.,
2012; Gay et al., 2016). On the other hand, novel treatments – such as  BRAF  inhibitors for the treatment of
metastatic melanoma – and detection methods have been developed that exploit the strong correlation between
specific mutations and certain tumour types (Hodis et al., 2012; Bruno et al., 2016). 
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dilemma. Once again, we can’t really assimilate and interpret most of the
data that we accumulate.” (Weinberg, 2014, p. 271)

Weinberg’s message is strongly indicative of a move away from more reductive methods but
also comes with a cautionary message to newer ‘systems biology’ (less reductive) approaches
not to fall fowl of overconfidence in a single approach to the complex phenomenon of cancer
development. In other words, at least as I interpret Weinberg, to pursue concurrent multiple
strategies  and integrative approaches where possible.  Indeed,  it  is  plausible  to  claim that
contemporary versions of the SMT (Hanahan and Weinberg, 2011) have shifted towards the
right  of  the  continuum as  interaction  between neoplastic  cells  and the  tissue architecture
within which they proliferate has a bigger role to play in the theory.    

Weinberg’s  message  is  heeded  in  new attempts  to  integrate  the  classic  SMT and
TOFT. Here I will give two examples. The first  is Rosenfeld’s (2013) use of ‘Self-Organised
Criticality  (SOC)’ as  a  framework  within  which  to  embed  both  approaches.  In  short,
‘criticality’ are  situations  in  which  small  changes  to  a  system may  result  in  changes  or
avalanches  of  all  magnitudes.  SOC corresponds to  a  feedback mechanism that  ensures  a
system is,  and remains,  in  a  state  of  criticality.  Common examples  for  explicating  SOC
include phase transitions in physics, wild fires, landslides, crowd stampedes and, saliently,
bird-flock organisation  (Rosenfeld, 2013, p. 223). Rosenfeld’s approach conceptualises the
precancerous tissue as a system in a critical state on the verge of an avalanche in the sense
meant by SOC. To understand how metastable states – precancerous tissue – succumb to
critical collapse we need import from both the SMT and the TOFT: “the mutant cell capable
of starting the domino-effect of subsequent failures should be able to overcome the tissue’s
natural defences; this may happen only if the tissue is already preconditioned for failure and
resides on the verge of systemic collapse” (Rosenfeld, 2013, p. 228). So, under SOC, genetic
mutations can be a driving force for carcinogenesis (SMT) but they cannot do anything unless
they occur in a tissue architecture already on the verge of collapse (TOFT). 

A further  example  of  new  approaches  includes  the  Feedback  Model  (FBM)  of
carcinogenesis. The FBM seeks to analyse the origins of tumour growth by showing that a
normally negative feedback loop between the epithelium and stroma is transformed into a
positive  feedback  loop,  allowing  for  the  maintenance  of  an  inflammatory  cellular
environment, which in turn explains the uncontrolled proliferation of epithelial cells (Rückert
et al., 2012). The FBM is certainly towards the non-reductive end of the spectrum but it is not
explicitly committed to the TOFT. Interestingly, its proponents do set up the FBM in contrast
to  the  SMT,  but  also  recognise  the  important  role  that  genetic  mutations  may  play  in
intercellular signalling (ibid., pp. 2-3). In a similar vein Oh et al. (2015) sought to investigate
breast  cancer  in  terms  of  abnormal  ‘co-expression  networks’  mitigated  by  feedback
mechanisms between the epithelium and stroma otherwise known as ‘epithelial-stromal cross
talk. 

19



This is a Post-Print copy. The final version will be published in Synthese 
doi: https://doi.org/10.1007/s11229-018-1683-1  

On figure 3 I have marked these hybrid approaches as falling between the classic SMT and
the TOFT. When it comes to conceptualising the decomposability of the system, they both
take  the  tissue-system to  be certainly  more  decomposable  than  the  TOFT on account  of
making  room  for  genetic  mutations  as  a  driving  force.  Thus,  a  certain  amount  of
decomposition and localisation is involved here. However, the localised functions of these
cellular subcomponents are not sufficient to give an understanding of how cancer begins and
develops. For the SOC view, features of the environment are crucial to understanding the
tipping point  at  which meta-stable  states  (normally functioning tissue)  suffer  catastrophic
collapse. As for dynamics, I’ve placed hybrid approaches just in and around the ‘interaction
dominant’ spike.  By placing normal and abnormal feedback dynamics at  the centre of its
approach,  the  FBM  is  certainly  interaction  dominant,  as  is  SOC given  its  focus  on  the
dynamic  relationship  between  mutated  cells  and  the  environment  in  which  they  find
themselves. However, they both sit a little further towards the reductive end of the spectrum
than the TOFT. 

Whereas the TOFT black-boxes the dynamics of GNRs, these integrated approaches
take the insights of research on GNRs, and subcellular interactions more generally, to be of
vital importance to understanding carcinogenesis. Furthermore, for the SOC control is not as
clearly distributed as for the TOFT, given that it affords a role to both DNA and environment.
Similarly, whilst feedback indicates nonlinearity in the FBM, this doesn’t preclude genetic
mutations from being a more centralised control mechanism given their role in intercellular
signalling. This is only a broad-stroke analysis of these two approaches but it suffices to show
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that the continuum can be operationalised to provide analyses of different sorts of strategy in
the field, and that it can be used to map the direction of research. I suspect that a more fine-
grained analysis  of  individual  hybrid  approaches  would place  them at  different  positions
within  the boundary marked out by the SMT & TOFT. For present purposes, when placed
within the framework offered here hybrid approaches are shown to be less reductive than the
classic SMT but more reductive than the TOFT.       

Conclusion  

My primary  goal  in  this  paper  was  to  provide  a  framework for  the  analysis  of  research
strategies and demonstrate how that framework is faithful to the complex, multifaceted, and
dynamic  processes  of  contemporary  scientific  practice.  I  argued  that  such  a  framework
consists in a continuum of research strategies based on possible conceptualisations of the
target system. In particular, the system’s susceptibility to decomposition, and the prevalence
of key system dynamics. This continuum can be used as a frame of reference to compare and
contrast research strategies in terms of their relatively reductive or non-reductive character. I
illustrated the utility of the framework through an example from cancer researcher. I showed
that the framework can afford a comparative analysis of two prominent approaches to cancer
research – the SMT and the TOFT. According to the analysis, these approaches do not stand
in competition with one another, rather they serve as boundary markers within which most of
the research strategies  for  that  particular  target  phenomenon fall.  I  also showed how the
framework can be used to track developments in the field, arguing that integrative or hybrid
approaches are  less  reductive than the classic SMT but  more reductive than the TOFT. The
conclusion of the analysis being that the field is moving in the direction of exploring  less
reductive approaches, whilst maintaining a central role for important insights gained from
more reductive practices. 
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