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official theory (explain everything in terms of 
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1947): The AP is initiated by a large and 
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This explained how the AP could be much 
larger than the resting potential (which, on 
Bernstein’s version of the theory, would 
have required active ion transport).

(4) Permeability is a function of transmembrane 
voltage (causal, even though it wasn’t 
known what controls ion conductance)
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� For example, Hans Driesch argued that no 
“machine” can be responsible for 
“harmonious-equipotential systems” such as 
the sea urchin embryo

� Such a machine would “have to be contained 
in any of its parts”
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Darwinian Reductionism)

� Vindication of a long tradition of thinking that 
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concentration and control expression of
� Pair-rule genes, which are expressed in 

seven stripes and define fourteen 
parasegments. The pair-rule genes activate

� Segment polarity genes, which determine the 
anterior-posterior polarity of each 
parasegment

� Homeotic selector genes activate segment-
specific cascades of gene expression
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� Interactions: protein-DNA
� Regularities: physical-chemical
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� Manipulability account: “a component is 
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whole when one can wiggle the behavior of 
the whole by wiggling the behavior of the 
component and one can wiggle the behavior 
of the component by wiggling the behavior as 
a whole”

(Craver, forthcoming)

� Manipulability account: “a component is 
relevant to the behavior of a mechanism as a 
whole when one can wiggle the behavior of 
the whole by wiggling the behavior of the 
component and one can wiggle the behavior 
of the component by wiggling the behavior as 
a whole”

(Craver, forthcoming)



Mani pul abi l i t y accountMani pul abi l i t y account

(i) x is part of S

(ii) in the conditions relevant to the request for 
explanation there is some change to X’s j -
ing that changes S’s Y-ing

(iii) in the conditions relevant to the request for 
explanation there is some change to S’s Y-
ing that changes X’s j -ing [top-down 
causation?]

(i) x is part of S

(ii) in the conditions relevant to the request for 
explanation there is some change to X’s j -
ing that changes S’s Y-ing

(iii) in the conditions relevant to the request for 
explanation there is some change to S’s Y-
ing that changes X’s j -ing [top-down 
causation?]



Sel ect i on of  
expl anandum capaci t i es
Sel ect i on of  
expl anandum capaci t i es





Sel ect i on of  
expl anandum capaci t i es
Sel ect i on of  
expl anandum capaci t i es
� Request an explanationM for X’s Y-ing if it is 

explanatorily relevant for Y’s x-ing (only 
sufficient, not necessary!)

� Works so long as X’s Y-ing is part of some 
higher-level mechanism Y for x

� Might leave some top-off capacity free to 
choose

� Top-off capacity may also be a biological 
function (proper or not)

� Request an explanationM for X’s Y-ing if it is 
explanatorily relevant for Y’s x-ing (only 
sufficient, not necessary!)

� Works so long as X’s Y-ing is part of some 
higher-level mechanism Y for x

� Might leave some top-off capacity free to 
choose

� Top-off capacity may also be a biological 
function (proper or not)





Devel opment al  
mechani sms
Devel opment al  
mechani sms
� Morphogenetic processes are better 

characterized by stages or temporal parts
rather than a hierarchical organization

� Explananda: stages, e.g., how the segment 
pattern is formed

� Explanatory relevance: manipulability, but not 
mutual (on pains of backward causation)

� Morphogenetic processes are better 
characterized by stages or temporal parts
rather than a hierarchical organization

� Explananda: stages, e.g., how the segment 
pattern is formed

� Explanatory relevance: manipulability, but not 
mutual (on pains of backward causation)



4.  Mechani sm ver sus 
comput at i on
4.  Mechani sm ver sus 
comput at i on
� Why does it seem so much more natural to 

say that a developing Drosophila embryo 
executes a program than a giant squid axon 
that conducts an axon potential?

� To say that a neural membrane “computes” a 
function (e.g., the HH total current equation) 
seems odd

� Computation: an intentionally laden concept

� Why does it seem so much more natural to 
say that a developing Drosophila embryo 
executes a program than a giant squid axon 
that conducts an axon potential?

� To say that a neural membrane “computes” a 
function (e.g., the HH total current equation) 
seems odd

� Computation: an intentionally laden concept



4.  Mechani sm ver sus 
comput at i on
4.  Mechani sm ver sus 
comput at i on
� Multiple realizability?
� But note: Hodgkin-Huxley mechanism is 

also multiply realizable
� Complexity / cognitive limitations? (no 

Newton of the grass blade)
� A failure of mechanistic explanation in 

morphogenetic processes?

� Multiple realizability?
� But note: Hodgkin-Huxley mechanism is 

also multiply realizable
� Complexity / cognitive limitations? (no 

Newton of the grass blade)
� A failure of mechanistic explanation in 

morphogenetic processes?



4.  Mechani sm ver sus 
comput at i on
4.  Mechani sm ver sus 
comput at i on
� Is it the step-wise nature of the process, 

which makes it describable like the 
execution of a set of commands?

� Suggestion: the possibility of 
“reprogramming” development

� Is it the step-wise nature of the process, 
which makes it describable like the 
execution of a set of commands?

� Suggestion: the possibility of 
“reprogramming” development



4.  Mechani sm ver sus 
comput at i on
4.  Mechani sm ver sus 
comput at i on
� Possibility of reprogramming: more than 

counterfactual dependence on a set of 
variables

� Counterfactual dependence of 
outcomes on a set of variables where at 
least some of the possible outcomes 
are functionally integrated wholes

� Possibility of reprogramming: more than 
counterfactual dependence on a set of 
variables

� Counterfactual dependence of 
outcomes on a set of variables where at 
least some of the possible outcomes 
are functionally integrated wholes


