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In Search of Mechanisms presents itself as a practical user’s guide easily accessible

to anyone interested in getting acquainted with a widely spread and extremely

successful type of explanation in contemporary biology, namely mechanistic

explanations. The authors, Carl F. Craver and Lindley Darden, two pioneers of the

new mechanistic philosophy, introduce the reader to an up-to-date philosophical

analysis of how mechanisms are conceptualized in contemporary science –with a

special emphasis on how mechanistic thinking changed from the seventeenth-

century narrowly mechanical ‘machine/clockwork view’ of the universe to today’s

rather diverse understanding of mechanisms–, the role mechanistic explanations

play in basic and applied science, as well as the interdisciplinary nature of research

on mechanisms and its role in the integration of multiple fields of biology. However,

the main focus of the book is undoubtedly scientific discovery, where the authors

explicitly reject the old ‘‘eureka’’ account of discovery in order to unravel the rich

tapestry of inferences and reasoning strategies guiding the elucidation of the

mechanisms underlying biological phenomena. The book analyses in detail the steps

to discovery, from the initial observation-based constraints shaping the formulation

of acceptable hypotheses, to the carefully planned experimental interventions aimed

at testing the various components, activities and organizational features of the

hypothesized mechanisms, to the deploying of troubleshooting strategies for

revising faulty explanations. The key points of the philosophical analysis are

skilfully illustrated with a variety of examples from physiology, molecular biology,

neuroscience and ecology, all described in a simple, non-technical yet scientifically

accurate language, thus providing a two way channel of communication allowing

biologists to better understand and grasp the importance of the philosophical

T. Baetu (&)

Universidade do Vale do Rio dos Sinos, São Leopoldo, RS, Brazil

e-mail: tudormb@unisinos.br

123

HPLS

DOI 10.1007/s40656-014-0038-6

Author's personal copy



analysis, and philosophers to understand how philosophy of science is used to

understand how science actually works.

In Search of Mechanisms is meant to emphasize the past and present triumphs of

mechanistic explanation in the life sciences, and the authors admirably succeed in

conveying this message to the reader. Yet, at the same time, in their efforts to clarify

questions about the nature of mechanisms and their discovery, the authors are

sometimes forced to deal with some of the shortcomings of contemporary

mechanistic thinking, raising questions about how this undeniably successful mode

of explanation will evolve in the future. Reading In Search of Mechanisms made me

reflect more carefully about one of the recurrent difficulties of present-day

molecular biology, namely the task of evaluating the completeness of mechanistic

explanations, a difficulty which, I think, is in part responsible for the ‘‘quantitative

turn’’ of systems biology and the renewed interest of biologists in mathematical

modelling. In the end, there is no mystery that the entities of a biological mechanism

can be further decomposed into subparts, their activities into sub-activities, and

mechanisms into more fine grained sub-mechanisms. Nor there is any doubt that

biological mechanisms are parts of progressively more comprehensive systems of

mechanisms, ranging from molecular networks to planetary ecosystems, where

more systemic mechanisms can both depend on the functioning of the sub-

mechanisms of which they are composed and impose constraints on their mode of

operation. Thus, two questions inevitably arise, one about the level of composition

at which mechanistic descriptions can safely bottom out, and the second, about

whether mechanisms act as independent modules that can function when separated

from the systems in which they are embedded. Throughout the book, the authors

seem to waver between two alternatives, one leaning towards relativism, the other

towards objectivism. Initially, the reader is offered a pragmatic reading: ‘‘Different

scientists, with different exploratory, explanatory, and instrumental objectives, will

often demand different degrees of detail about the mechanism in question’’ (p. 90).

This openly relativistic reading is meant to accommodate a more objectivist

perspective: ‘‘Although the ideal of completeness is relativized to particular

scientific projects, with one scientist’s black box counting as another’s

phenomenon-to-be-explained, once the required detail is specified, the deeper the

mechanism schema goes into the hidden machinery by which things work, the more

complete is the schema’’ (p. 90). This, however, does not clarify why some

bottoming-out levels are more suitable than others. In fact, it seems that despite the

pragmatic notion that an explanation can be ‘‘complete enough’’ to the point that

additional gain in detail makes no difference to the researcher, ultimately, a more

detailed explanation is always bound to be more complete. This interpretation is

further reinforced by the claim that completeness is achieved by means of the

iterative game of asking ‘‘And how does that work?’’ (pp. 90–91). I am tempted to

think that mechanistic completeness is neither relative, nor necessarily a matter of

relentlessly unearthing lower-level details. The fact that the various components of a

mechanism can be analysed at progressively lower levels of composition is

undoubtedly useful—for instance, by explaining why and how these components

have the properties they have or by providing the information necessary to intervene

on these components and their properties—yet this analysis does not automatically
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demonstrate the completeness of the mechanistic explanation. From the standpoint

of mechanistic thinking, the goal is to figure out if parts, organized and acting as

described in the proposed explanation, can generate the phenomenon in need of an

explanation, and not to explain how or why the parts have the properties they have,

which is a distinct research question. Specifying where an explanation can safely

bottom out and when the mechanism can be considered an independent module

requires a different kind of evidence, which cannot be expected to simply emerge

from the mere accumulation of information brought about the further decomposition

of mechanistic components or by taking into account progressively more systemic

contexts. What is needed here is not the iterative game of asking ‘‘And how does

that work?’’, but rather a different kind of test, adequately dubbed by the authors as

the ‘‘Build it test’’ (pp. 92–94), namely a reconstruction of the mechanism starting

from a set of parts having the properties and organization specified by a proposed

mechanistic explanation, in order to determine if, thus reconstructed, the mechanism

can indeed produce the phenomenon it is supposed to produce. If my analysis is

correct, then the issue of the detail or resolution of mechanistic descriptions remains

to be more carefully disentangled from the issue of explanatory completeness. It is

in fact the former, and not the latter, which is a relative notion; for instance, the

choice to include some high-resolution details of some mechanistic components but

not others often depends on which of these components are targeted or potentially

targetable by interventions. By contrast, whether a mechanistic explanation is

complete or not is a matter of providing conclusive evidence that parts having the

properties and organization specified by the proposed explanation can, and do

produce the phenomenon of interest. This kind of evidence may come, as the

authors point out, from mathematical models and computer simulations, but also

from a variety of other sources, such as in vitro reconstitution experiments, synthetic

biology, and the ability to correctly foresee and correct side-effects of treatments

and other technological applications based on mechanistic explanations. Discovery

strategies, as well as the standards of mechanistic explanation are constantly

evolving and I suspect that, soon enough, whole new chapters will need to be

appended to the already rich story of discovery in order to keep up with changes

within science and scientific practice. In summary, In Search of Mechanisms is an

accessible, informative and above all, an intellectually challenging book which will

undoubtedly shape future philosophical investigations in the fascinating realm of

scientific explanation.
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