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The European Advanced Seminars in the Philosophy of the

Life Sciences (EASPLS) are biennial symposia organized by

members from six leading European institutions in the phi-

losophy of the life sciences–the ESRC Centre for Genomics

in Society, University of Exeter (Exeter); the European

School for Molecular Medicine (SEMM, Milan); the Institut

d’Histoire de la Médicine et de la Santé (Geneva); the Institut

d’Histoire et de Philosophie des Sciences et des Techniques,

Paris 1–Panthéon-Sorbonne (IHPST, Paris); the Konrad

Lorenz Institute for Evolution and Cognition Research

(Altenberg); and the Max Planck Institute for the History of

Science (Berlin). The second edition of the EASPLS was

coordinated by Prof. Bernardino Fantini (Université de

Genève) and Dr. Philippe Huneman (IHPST), and was hos-

ted by the Brocher Foundation in Hermance, on the shores of

Lake Geneva.

The seminar’s overarching theme focused on the notions of

‘‘model,’’ ‘‘modeling,’’ and ‘‘simulation,’’ with an emphasis

on the philosophical implications of the pervasiveness and

striking diversity of models used in the life sciences. Several

key philosophical issues were covered, including the

explanatory value of models, the epistemic values that models

should satisfy, the simplifications and idealizations required to

build a model, and the connections between models and other

key concepts such as ‘‘theory,’’ ‘‘representation,’’ and ‘‘fic-

tion.’’ These issues were addressed in relation to a wide variety

of models, ranging from material model organisms to abstract

mathematical models and computer simulations, and a wide

spectrum of disciplines, ranging from chemistry to ecology.

The presenters incorporated a diverse set of professional

backgrounds, bringing together perspectives from philosophy

and history of the life sciences, and from working scientists.

Indeed, one of the explicit goals of this meeting was to stim-

ulate a dialogue between scholars and researchers whose areas

of expertise concern different modeling practices, and dif-

ferent areas of the life sciences, as well as philosophically

complementary issues, approaches, and perspectives. This

diversity served the session discussions well, reflecting the

multifaceted nature of the use of models in the life sciences.

The opening lectures of the seminar focused on a number

of issues concerning the use of living systems as models in

the life sciences. The speakers and commentators widely

agreed that the dissemination of terms like ‘‘model organ-

ism’’ or ‘‘model system’’ during the 20th century has given

rise to difficulties in keeping track of their various uses, and

cross-referencing the term with related ones (such as

experimental system, animal model, etc.). For one thing, the

ubiquity of the term itself demands that researchers be more
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sensitive to what they take the organisms to be ‘‘models of’’

in the first place. It is often assumed that the principle of

common descent is sufficient to conclude that some simi-

larities between model organisms and other organisms that

are the target of investigation will be found. Applied too

strongly, however, this assumption may reintroduce ele-

ments of typological thinking when generalizing these sim-

ilarities from one species to another, or from one species to a

higher taxa (Alessandro Minelli). At the same time, seeing

certain ‘‘types’’ repeated across taxonomic kinds is what

allows us to generalize results collected from one species of

model organisms to other groups of organisms, as such

similarities indicate stable macroevolutionary features that

scientists wish to comment on in the first place (Jan Baedke).

Along these lines it was suggested that the use of model

organisms serves as a general basis for a kind of analogical

reasoning by which to extrapolate scientific findings, though

the term’s usage in itself tends to remain ambiguous con-

cerning the specific features at work in this reasoning (Jean

Gayon). This ambiguity can be balanced, in part, by the

stringent demands placed on the choice of model organism,

which must fulfill increasingly fine-grained criteria before

they are considered exemplary for a particular biological

phenomenon (Tarquin Holmes).

One important topic discussed during this session cen-

tered on the epistemic functions that organism-based

models may serve in scientific reasoning. In particular,

attention was given to explicating the purposes that

researchers may ascribe to a model’s ability to represent a

phenomenon of interest. In biology, modeling can often be

continuous with experimentation, serving, among other

things, to help uncover causal dependencies in the system

or systems of interest. This gives such organism-based

‘‘experimental models’’ a distinctly concrete basis in con-

trast to the abstract, computation- and mathematics-based

model systems of physics and chemistry, and other areas of

biology (Marcel Weber). Yet such ‘‘experimental models’’

also deserve the full philosophical status ascribed to tra-

ditional scientific models, since both material and abstract

models nonetheless represent features of the system they

are modeling by virtue of the purposes attached to them by

researchers. Weber argued this point by showing that the

representational capacities of ‘‘experimental models’’ in

biology serve at least two distinct functions related to

scientific theorizing, specifically for studying the properties

or implications of a theory. First, they track whether or to

what degree a model exemplifies a theoretical kind, i.e.,

whether the model shares instances in nature regardless of

whether or not it correctly represents the system it models.

Second, they may represent, or ‘‘stand in’’ for, a natural

process in order to simulate the workings of the modeled

phenomenon. The representational capacities of concrete

models can also serve other more practical epistemic

functions outside of theorizing. They may serve explana-

tory interests as well in furthering our ability to manipulate

or control a phenomenon in an experimental setting, or

even provide understanding of a phenomenon with or

without a theoretical framework (Nina Atanasova).

Subsequent talks highlighted very interesting points

regarding the relationships between models and theories,

on the one hand, and models and empirical knowledge, on

the other. In some cases (e.g., metabolic control analysis),

models are initially developed as instruments for theory

construction, but with time they acquire a partial inde-

pendence. The acquisition of autonomy cannot be antici-

pated, but can be diagnosed retrospectively by looking at

the divergence between the developmental trajectories of

models and theories (Josephine Donaghy). In other cases,

models remain tightly intertwined with theories: models

are built on the basis of theoretical knowledge and con-

strain it in return. For example, computational models were

used in evolutionary theories of sociality to constrain the

conditions under which one can think that sociality will

emerge (Silvia de Monte). Conversely, theoretical concepts

such as ‘‘evolvability’’ and ‘‘facilitated variation’’ play an

important role in developing new approaches that may

enable open-ended evolution to be genuinely modeled

(Andreea Esanu). Equally important, the logical formal-

ization of current empirical knowledge (e.g., molecular

reactions in a cell) can help us both better organize this

knowledge and generate new predictions (Giovanni Boni-

olo). Simple logical tools may help us grasp biological

complexity–an interesting by-product of this would be the

standardization of biological data–although prediction may

be hindered by biological complexity (Dan Nicholson).

The nature of the relationship between models and the real

world was covered as well. Some models investigate

relations between properties that are abstracted from a

specific target in the world. In other cases, however, we

study models not because they bear similarities with bio-

logical systems, but because the models themselves are

interesting objects of study (Philippe Huneman). In such

cases, the simulation does not ‘‘simulate’’ any process other

than itself (Fridolin Gross). Finally, some numerical sim-

ulations specifically aim to explore properties that are not

instantiated in the actual world, but counterfactual sce-

narios, such as ‘‘what if’’ questions associated with the

Gaia hypothesis (Sébastien Dutreuil). Thus, a model can be

used to represent and study an actual target that exists in

the world, abstract properties of such a target, or a target

that does not exist but may (or may not) have existed, or

can emerge in the simulation itself.

Several talks dealt with the relationship between

mechanisms and models. Mathematical models account for

a system’s dynamic aspects such as intensity and temporal

behavior, which are integral to understanding how the
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individual components interact causally and change in the

course of this process (Tudor Baetu). A further analysis of

mechanistic explanations and their limits was presented in

the context of a contemporary controversy about the

molecular basis of odors, opposing a traditional ‘‘lock and

key’’ model to a less orthodox model involving molecular

vibrations. Given that both mechanistic explanations can be

mapped onto the available data, thus resulting in a problem

of underdetermination of theory by data, one has to aban-

don the traditional unit of representational analysis, the

model/target-system dyad, and analyze the explanatory

capacity of these mechanistic models with respect to their

impact on related modeling techniques such as receptor

modeling (Ann-Sophie Barwich). The emerging suggestion

was that mechanisms cannot provide a complete explana-

tion of a phenomenon but, rather, fulfill the task of local

models that require complementation by other models and

methods (Pierre-Olivier Méthot). The use of contemporary

three-dimensional molecular models and the historical

example of Van’t Hoff’s cardboard cut-out models illustrate

the extent to which conceptual and material manipulations

on visual and tactile models aid in the prescription of rules for

the hypothetical behavior of scientific entities (Adam Toon).

In this case, the emphasis falls on the physical nature of

models rather than their more abstract properties (Guillaume

Schlaepfer). The scientific challenge to integrate occasion-

ally incompatible epistemological resources into an overall

explanation of a phenomenon was addressed by tracing the

underlying process of integration in the case of the Reich-

hardt Detector Model. The model building process involved

three phases (a reductionist, functionalist, and mechanist

period), where in each period a significantly different con-

ceptual role was ascribed to the Reichardt model within the

overall dynamic process of explanatory integration (Daniel

Brooks). In contrast to this integrative understanding of

models, other speakers proposed a strategy of exclusion, by

limiting the function of models to conceptual vehicles for

surrogate or indirect reasoning. On this account, models,

understood in a strict sense, rely on abstract or idealized

relations to infer theoretically significant features of the

phenomenon; by contrast, inferences drawn from model

organisms about other organisms are akin to statistical sim-

ilarities, and do not rely on abstractions or idealizations but

on similarities between objects (Arnon Levy).

The closing talks centered on the impact of model choice

on experimental results. An extensive survey of scientific

papers using different phylogenetic reconstruction methods

demonstrates that a vast number of researchers do not follow

the program creator’s explicit recommendations but rather

comply with other criteria or conventions such as using the

method employed in papers most commonly cited. Implicit

conventions in model choice such as these are integral to

analysis of experimental results and modeling practice

(Michael Dietrich). Furthermore, in order to understand the

suggestive power of models in scientific practice, focus must

also be drawn to implicit acts of translation that take place

across various aspects of laboratory life, concerning the

different methods, technologies, laboratory environments

and agents involved (Jean Harrington).

The remaining talks shifted the discussion towards issues

concerning the scope and artificial character of models. The

session opened with a historical overview of the use of ide-

alization in Mendel’s model, which was extrapolated outside

its scope by Mendel and his contemporaries to prove the

instability of hybrids and explain their perceived tendency to

‘‘revert to their original form’’ (Amir Teicher). Closer to

contemporary practice, two distinct roles played by animal

models in biomedical research were characterized: an analog

role based on similarity between systems, and an instrumental

role that is intrinsically asymmetrical and does not primarily

rely on similarity. The rising importance of organisms as

instruments seems to blur the distinction between modeling

and direct experimentation (Pierre-Luc Germain). The same

boundary was also questioned in the context of randomized

controlled trials (RCTs). As knowledge of the underlying

mechanisms is often held to ensure the generalizability of

difference-making relations, some authors have argued that

RCTs need to be complemented by other kinds of evidence.

However, it was shown that modern and more elaborate trial

designs can, through a variety of means, yield mechanistic

insight, therefore securing generalizations (Cecilia Nardini).

In response, it has been pointed out that increased generaliz-

ability is not due to a better analogy, but to a better control, and

that RCTs are distinguished from models because the gener-

alization ranges across tokens of a same kind (Thomas Rey-

don). Both the issue of control and the exact boundaries of

models were also prominent in the subsequent discussion on

model organisms. Researchers must achieve a balance

between standardization and isolation on one hand, and inte-

gration on the other. In fact model organisms research aims at

understanding organisms as wholes, and therefore is inher-

ently inter-level and interdisciplinary (Sabina Leonelli).

Besides, viruses raise interesting questions as they are clearly

not organisms but were indeed used in biology in ways similar

to the use of model organisms (Gladys Kostyrka). At the same

time, the foreseen further step of comparing between organ-

isms forces a standardization of this integration effort itself.

Studies involving several examples of multi-scale modeling

revealed heterogeneous tendencies toward both unification

and fragmentation, supporting a perspectivist program aimed

at going beyond pluralistic claims and inquiring into the

conditions of compatibility/incompatibility of perspectives

(Werner Callebaut). A refined conception of modularity

would aid this program in deciding how much unification

and fragmentation is necessary in a given case (Stephan

Kopsieker).
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Bruno Strasser concluded the seminar with a discussion

of the future of models, specimens, and collections. As he

most pertinently observed, the collecting tradition, far from

being confined to museums, is very much alive in the lab

and meshed with experimental science. In this context,

however, variations are not mere exemplars in a collection

of oddities, but are essential comparative tools for func-

tional investigation.

In summary, a number of converging threads emerged

during the seminar. The historicity of modeling practices,

especially those centered around ‘‘model organisms,’’

occupied a central place, together with a questioning of the

future prospects of this practice. The talks also revealed a

focus on the overwhelming diversity of models and mod-

eling practices. Seemingly identical models (e.g., model

organisms, or computer simulations) are in fact used to

support different practices (e.g., investigating specific

actual mechanisms versus exploring possible general pat-

terns of functioning). Conversely, a seemingly general kind

of modeling (e.g., Weber’s idea of ‘‘experimental model-

ing’’) may in fact include apparently distinct models. These

observations prompted a view of models and modeling

practices in biology that is at the same time more finely

grained and more multidimensional than the initial division

suggested in the title of the conference (‘‘In Vivo, ex Vivo,

in Vitro, in Silico’’). Finally, it is worth noting that dis-

cussions also invoked conceptions from fields outside the

life sciences, such as philosophy of language and the

cognitive sciences (e.g., fiction, computation), medical

ethics and health policies (e.g., assessment of randomized

control trials), as well as the sociology of science and

science policies (e.g., model choice).1

1 Seminar website: http://www.brocher.ch/en/events/second-european-

advanced-seminar-in-the-philosophy-of-the-life-sciences-invivo-exvivo-

invitro-insilico-models-in-the-life-sciences
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