Mechanisms and Emergence
A Reply to Denis C. Martin
Carl F. Craver

Author
Carl F. Craverccraver @ artsci.wustl.edu
Washington University
St. Louis, MO, USA


Commentator
Denis C. Martindenis.martin @ hu-berlin.de
Humboldt Universität zu Berlin
Berlin, Germany


Editors
Thomas Metzingermetzinger @ uni-mainz.de
Johannes Gutenberg-Universität
Mainz, Germany

Jennifer M. Windtjennifer.windt @ monash.edu
Monash University
Melbourne, Australia



I respond to some of the major issues in Martin’s commentary, particularly (i) his insistence on a robust notion of being “at” a level, and (ii) his desire for mechanistic emergence to explain the genuine ontological novelty of higher level phenomena. 
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1 Introduction
The goal of my target essay is to articulate and recommend a view about what one is and is not committed to when one asserts that the domain of neuroscience or some other special science spans multiple levels of organization. How useful one finds my specific recommendation—that they be understood as levels of mechanisms— will depend on the uses for which one deploys the level metaphor. Martin raises a number of questions about my unpacking of the metaphor that help to clarify what is at stake in this discussion. 



2 The levels metaphor
First, a word about the idea that the term level is used as a metaphor. According to the Oxford English dictionary, the term “level” derives from terms describing the idea of being parallel to the ground. From there, the term could easily extend to the idea that a building can have multiple levels, or landings, from the ground up. Something like this spatial arrangement of stacked landings seems to be the basis for many applications of the level metaphor (in other words, landings are the “secondary subject” of the metaphor).  Usage of the term “level” increased dramatically in the 20th Century, and surely some of this increase is explained by the fecundity of the metaphor for ordering items in a set from the highest to the lowest (under some understandings of “high” and “low”). These are the specific topics (the primary subjects) to which the secondary subject (landings) is compared. In asserting that the term “level” has this metaphoric aspect, I do not intend to thereby disqualify the metaphor from also expressing a set of true or false commitments about the structure of the world. Indeed, I think that the mechanistic application of the metaphor more or less accurately describes the structure of at least many systems in the domains of the special sciences. 
My point in being a pluralist about the levels metaphor is simply to emphasize that the metaphor of a horizontal landing is used to describe a wide variety of altogether distinct primary subjects. As a result, any understanding of how this level metaphor works, what it is committed to, and whether it works for a particular purpose, must begin with a clear understanding of how the metaphor is unpacked in the given application. (One cannot, to pick a perfectly clear example, equate the great chain of being and levels of mechanisms.) A second point was to emphasize that there are many legitimate applications of the metaphor, and that the utility of the metaphor might vary from one application to the next. I am not arguing for a single, correct way of understanding the level metaphor. However, I am arguing that one prominent use of the level metaphor in sciences such as neuroscience can be usefully unpacked as describing mechanistic levels. 



3 Being “at” a level
Martin is particularly concerned with a) the idea that there should be a clear sense of what it is to be “at” a level, and b) the idea there is some significant sense in which being at a level represents a genuine ontological novelty. 
The first of these concerns arises from the fact that the placement question cannot be (or has not been) given a satisfying answer within the mechanistic application of the metaphor. The mechanistic account of levels focuses, as Martin correctly notes, on what it means to be at different levels of organization within a mechanism. Concerning what it means to be “at a level,” one can say only that two things are “at” the same level just in case they are not at different levels; if neither thing is a component entity/activity in the behavior of the other, then the two things are not at different mechanistic levels and, in this weak sense, they are at the same level. This provides a sort of answer to the placement question, but not one that will satisfy those, such as Martin, who hanker after some additional factor (such as size or similarity) that unites the items at a level and that explains why all such items are at that level. I take the failure to answer the placement question as one of the key revisionary consequences of thinking clearly about levels of mechanisms. It is a crucial guide to understanding what’s misleading about the monolithic conception of levels. 
One apparent problem for this consequence (the absence of a satisfying answer to the placement question) was first raised by Lindley Darden (personal communication): X’s -ing might be a component in (and so at a lower level than) S’s ψ-ing, and yet both X’s -ing and S’s ψ-ing might be at the same level as (i.e., not at a different level than) some altogether distinct P’s ß-ing. There is a failure of transitivity. This, it seems to me, is simply a consequence of the idea that the application of the level metaphor to levels of mechanisms breaks down when one is not talking about relations between parts and wholes. This is unproblematic; it is simply an alternative way of expressing the idea that being “at the same level” is of no additional metaphysical significance within the mechanistic application of the metaphor than simply not being at different levels. This does not prevent one, of course, from using some other ordering criterion for this expressive purpose; one might lump things together on the basis of their sizes or perhaps the instruments used to detect them. But one should be aware that at this point one has left the mechanistic application of the metaphor. 
Another consequence of the mechanistic view is that one might equally correctly carve the boundaries of mechanisms in any number of ways (see e.g., Craver 2004, 2009, 2012). If so, there will not be a uniquely correct answer to the question of how many levels a given mechanism has. Our decisions to privilege some grains in the decomposition of a mechanism as an appropriate place to locate a level depends on our techniques, our theoretical background assumptions, our characterization of the phenomenon, our representational tools, and perhaps certain features of human psychology. As Simon argued, these systems are only nearly decomposable; how a system is decomposed depends, for example, on the relative strength of intra- versus extra-system causal interactions that one takes to be appropriate for carving the system at its near-joints. This is another reason I am hesitant to pin too much on the idea of being “at” a level.



4 Ontological novelty and emergence
I am not hostile to the second idea (b) that levels of mechanisms exhibit a kind of ontological novelty, depending on how this novelty is understood and how one thinks that it is achieved. I suggest in the target article that a mechanism as a whole can do things that its parts (taken individually) cannot do. Lawnmowers mow grass; spark plugs do not. But I also claim that a mechanism as a whole cannot do things that its organized and interacting parts cannot do. This is because the behavior of a mechanism as a whole just is (or at least is ontologically intimate with) the organized interaction of its component parts. I don’t know how to make the notion of “ontological intimacy” precise here (though the behavior of a mechanism in context will surely supervene on the organized collection of interacting components in that context). In my hands, “ontological intimacy,” is meant to denote an exhaustive ontological grounding of the behavior of a mechanism as a whole in the organized interactions of its components in a given causal context, however that is properly to be unpacked. Everything has an ontic explanation in terms of the organized activities of the mechanism’s parts.
The term emergence strikes me as suspicious, and I hesitate to use it even in the context of levels of mechanisms, precisely because it suggests a severing of this ontological intimacy, a slide from the banal fact that mechanisms behave as they do because they are organized arrangements of interacting parts to the ontologically esoteric thought that something comes into being with causal powers ontologically inexplicable in terms of the organized interactions of the parts. Such claims about ontological novelty are almost always accompanied by claims that emergent things have a “downward” causal influence. I have labored to drive a wedge between levels of mechanisms and such ideas. 
This connects with Martin’s description of Thompson’s view. According to Martin, Thompson requires that the parts in a system must be coupled and dynamically interacting to produce emergent properties and, further, that the properties of the whole should act “downward” on the dynamics of the components (2007). Take these in turn. 
The idea of levels of mechanisms, by itself, requires only that the parts be organized and interact with one another; it does not require that the components interact non-linearly. Mechanisms with components that interact non-linearly are a subset of mechanisms more generally. It should not make any difference with respect to the novelty of higher-level properties that the parts interact non-linearly. Such dynamical interactions might make the behavior of the whole harder to predict on the basis of our understanding of the parts; but this is an epistemic, not an ontological, observation irrelevant to the ontological question to which I am responding. To be ontologically novel is not merely to be surprising. 
Perhaps systems with dynamically interacting components are harder to idealize into separable interacting components; again, this would appear to be an epistemic issue. Thompson, at least in Martin’s description, is drawing a more fine-grained distinction than I draw. This is perhaps a terminological matter. The pressing question between us is whether non-linearity (or perhaps some other form of complexity) makes any ontological difference to the kind of thing that “emerges” from the “organized interactions” of the parts. I’m inclined to say no, but a full consideration of the issue would require a more detailed treatment than I can give it here. 
Thompson also requires that the higher-level phenomenon should have “determinative” influence on things at lower-levels. “Determinative” surely cannot mean the existence of a universally quantified material conditional with the behavior of the mechanism as a whole as the antecedent and the organized interactions among the components as the consequent. Multiple realization precludes such an analysis. But “determinative” also cannot be understood in the causally productive sense in which something (such as charge or momentum) is passed from whole to part. And for reasons expressed in the target article, there are many widely shared assumptions about the independence of causes and effects that stand in the way of understanding such top-down relations in causal terms.  This is why I suggest (as in Craver & Bechtel 2007) that the language of downward causation is misleading in the context of token mechanisms. We recommend that claims about downward causation are really shorthand ways of expressing an often complex web of constitutive (about relations between things at different levels of mechanisms and levels of realization) and causal claims (about things that are not at different levels from one another) about the system. However this is to be cashed out, the term “determinative” seems misleading.  



5 Levels and techniques
Finally, I’ll offer a brief remark concerning Martin’s positive suggestion for reifying levels. Martin’s central idea—that we often pick out things as being on a level because they are detectable with the same or a similar kind of apparatus or with the same or a similar set of procedures— seems to me correct and important. Among the many possible ways of decomposing a spatio-temporal whole into component parts, some of these correspond to items that for one reason or another are readily detectable as such by one or more experimental apparatus. This way of putting things highlights how pragmatic factors, such as available apparatus, determine what we will take to be an appropriate “landing” in a hierarchy of levels. And it raises useful questions about, for example, when two different apparatus, or two different tasks, or two different procedures in fact target the same items, or items at the same level. On a fine-grained characterization of our experimental instruments, no two experiments are the same. On a course grain, even superficially quite distinct experiments can be targeting the same phenomenon (consider, e.g., implicit bias or spatial memory).  As noted above, it seems to me that many other epistemic, theoretical, and psychological factors enter into these decisions as well.
This good point, however, is obscured by an ontology in which properties apparently come into existence during acts of detection. Martin’s view is that objects have disposition profiles, and these profiles are turned into properties when they are measured. It is unclear to me, however, why one would not want to say that properties are there to be detected all along, or perhaps that properties just are the dispositional profiles of things. Martin doesn’t do much to motivate this experimental idealism about properties, but the thought seems hard to motivate, at least for macroscopic phenomena. It is an apparent consequence of Martin’s account that levels don’t exist until they are detected. And it is an apparent consequence of his view that new levels come into existence when we develop new instruments to detect them. And, to reiterate the thought in the last paragraph, we will have to wrestle with the question of when two techniques detect the same thing or different things. Martin’s positive proposal makes this question much more pressing, given that, for Martin’s view, the structure of the world– specifically, the distribution of properties in space and time– apparently hangs in the balance. But if we abandon the idea that the placement question must have a uniquely correct answer, these questions are less pressing for thinking about ontology; nonetheless, questions about how we coordinate different experimental tasks, protocols, and procedures are at the heart of the epistemological challenge faced by any experimentalist (see Sullivan 2009, 2010).
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                                 Apache License

                           Version 2.0, January 2004

                        http://www.apache.org/licenses/



   TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION



   1. Definitions.



      "License" shall mean the terms and conditions for use, reproduction,

      and distribution as defined by Sections 1 through 9 of this document.



      "Licensor" shall mean the copyright owner or entity authorized by

      the copyright owner that is granting the License.



      "Legal Entity" shall mean the union of the acting entity and all

      other entities that control, are controlled by, or are under common

      control with that entity. For the purposes of this definition,

      "control" means (i) the power, direct or indirect, to cause the

      direction or management of such entity, whether by contract or

      otherwise, or (ii) ownership of fifty percent (50%) or more of the

      outstanding shares, or (iii) beneficial ownership of such entity.



      "You" (or "Your") shall mean an individual or Legal Entity

      exercising permissions granted by this License.



      "Source" form shall mean the preferred form for making modifications,

      including but not limited to software source code, documentation

      source, and configuration files.



      "Object" form shall mean any form resulting from mechanical

      transformation or translation of a Source form, including but

      not limited to compiled object code, generated documentation,

      and conversions to other media types.



      "Work" shall mean the work of authorship, whether in Source or

      Object form, made available under the License, as indicated by a

      copyright notice that is included in or attached to the work

      (an example is provided in the Appendix below).



      "Derivative Works" shall mean any work, whether in Source or Object

      form, that is based on (or derived from) the Work and for which the

      editorial revisions, annotations, elaborations, or other modifications

      represent, as a whole, an original work of authorship. For the purposes

      of this License, Derivative Works shall not include works that remain

      separable from, or merely link (or bind by name) to the interfaces of,

      the Work and Derivative Works thereof.



      "Contribution" shall mean any work of authorship, including

      the original version of the Work and any modifications or additions

      to that Work or Derivative Works thereof, that is intentionally

      submitted to Licensor for inclusion in the Work by the copyright owner

      or by an individual or Legal Entity authorized to submit on behalf of

      the copyright owner. For the purposes of this definition, "submitted"

      means any form of electronic, verbal, or written communication sent

      to the Licensor or its representatives, including but not limited to

      communication on electronic mailing lists, source code control systems,

      and issue tracking systems that are managed by, or on behalf of, the

      Licensor for the purpose of discussing and improving the Work, but

      excluding communication that is conspicuously marked or otherwise

      designated in writing by the copyright owner as "Not a Contribution."



      "Contributor" shall mean Licensor and any individual or Legal Entity

      on behalf of whom a Contribution has been received by Licensor and

      subsequently incorporated within the Work.



   2. Grant of Copyright License. Subject to the terms and conditions of

      this License, each Contributor hereby grants to You a perpetual,

      worldwide, non-exclusive, no-charge, royalty-free, irrevocable

      copyright license to reproduce, prepare Derivative Works of,

      publicly display, publicly perform, sublicense, and distribute the

      Work and such Derivative Works in Source or Object form.



   3. Grant of Patent License. Subject to the terms and conditions of

      this License, each Contributor hereby grants to You a perpetual,

      worldwide, non-exclusive, no-charge, royalty-free, irrevocable

      (except as stated in this section) patent license to make, have made,

      use, offer to sell, sell, import, and otherwise transfer the Work,

      where such license applies only to those patent claims licensable

      by such Contributor that are necessarily infringed by their

      Contribution(s) alone or by combination of their Contribution(s)

      with the Work to which such Contribution(s) was submitted. If You

      institute patent litigation against any entity (including a

      cross-claim or counterclaim in a lawsuit) alleging that the Work

      or a Contribution incorporated within the Work constitutes direct

      or contributory patent infringement, then any patent licenses

      granted to You under this License for that Work shall terminate

      as of the date such litigation is filed.



   4. Redistribution. You may reproduce and distribute copies of the

      Work or Derivative Works thereof in any medium, with or without

      modifications, and in Source or Object form, provided that You

      meet the following conditions:



      (a) You must give any other recipients of the Work or

          Derivative Works a copy of this License; and



      (b) You must cause any modified files to carry prominent notices

          stating that You changed the files; and



      (c) You must retain, in the Source form of any Derivative Works

          that You distribute, all copyright, patent, trademark, and

          attribution notices from the Source form of the Work,

          excluding those notices that do not pertain to any part of

          the Derivative Works; and



      (d) If the Work includes a "NOTICE" text file as part of its

          distribution, then any Derivative Works that You distribute must

          include a readable copy of the attribution notices contained

          within such NOTICE file, excluding those notices that do not

          pertain to any part of the Derivative Works, in at least one

          of the following places: within a NOTICE text file distributed

          as part of the Derivative Works; within the Source form or

          documentation, if provided along with the Derivative Works; or,

          within a display generated by the Derivative Works, if and

          wherever such third-party notices normally appear. The contents

          of the NOTICE file are for informational purposes only and

          do not modify the License. You may add Your own attribution

          notices within Derivative Works that You distribute, alongside

          or as an addendum to the NOTICE text from the Work, provided

          that such additional attribution notices cannot be construed

          as modifying the License.



      You may add Your own copyright statement to Your modifications and

      may provide additional or different license terms and conditions

      for use, reproduction, or distribution of Your modifications, or

      for any such Derivative Works as a whole, provided Your use,

      reproduction, and distribution of the Work otherwise complies with

      the conditions stated in this License.



   5. Submission of Contributions. Unless You explicitly state otherwise,

      any Contribution intentionally submitted for inclusion in the Work

      by You to the Licensor shall be under the terms and conditions of

      this License, without any additional terms or conditions.

      Notwithstanding the above, nothing herein shall supersede or modify

      the terms of any separate license agreement you may have executed

      with Licensor regarding such Contributions.



   6. Trademarks. This License does not grant permission to use the trade

      names, trademarks, service marks, or product names of the Licensor,

      except as required for reasonable and customary use in describing the

      origin of the Work and reproducing the content of the NOTICE file.



   7. Disclaimer of Warranty. Unless required by applicable law or

      agreed to in writing, Licensor provides the Work (and each

      Contributor provides its Contributions) on an "AS IS" BASIS,

      WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or

      implied, including, without limitation, any warranties or conditions

      of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A

      PARTICULAR PURPOSE. You are solely responsible for determining the

      appropriateness of using or redistributing the Work and assume any

      risks associated with Your exercise of permissions under this License.



   8. Limitation of Liability. In no event and under no legal theory,

      whether in tort (including negligence), contract, or otherwise,

      unless required by applicable law (such as deliberate and grossly

      negligent acts) or agreed to in writing, shall any Contributor be

      liable to You for damages, including any direct, indirect, special,

      incidental, or consequential damages of any character arising as a

      result of this License or out of the use or inability to use the

      Work (including but not limited to damages for loss of goodwill,

      work stoppage, computer failure or malfunction, or any and all

      other commercial damages or losses), even if such Contributor

      has been advised of the possibility of such damages.



   9. Accepting Warranty or Additional Liability. While redistributing

      the Work or Derivative Works thereof, You may choose to offer,

      and charge a fee for, acceptance of support, warranty, indemnity,

      or other liability obligations and/or rights consistent with this

      License. However, in accepting such obligations, You may act only

      on Your own behalf and on Your sole responsibility, not on behalf

      of any other Contributor, and only if You agree to indemnify,

      defend, and hold each Contributor harmless for any liability

      incurred by, or claims asserted against, such Contributor by reason

      of your accepting any such warranty or additional liability.



   END OF TERMS AND CONDITIONS



   APPENDIX: How to apply the Apache License to your work.



      To apply the Apache License to your work, attach the following

      boilerplate notice, with the fields enclosed by brackets "[]"

      replaced with your own identifying information. (Don't include

      the brackets!)  The text should be enclosed in the appropriate

      comment syntax for the file format. We also recommend that a

      file or class name and description of purpose be included on the

      same "printed page" as the copyright notice for easier

      identification within third-party archives.



   Copyright [yyyy] [name of copyright owner]



   Licensed under the Apache License, Version 2.0 (the "License");

   you may not use this file except in compliance with the License.

   You may obtain a copy of the License at



       http://www.apache.org/licenses/LICENSE-2.0



   Unless required by applicable law or agreed to in writing, software

   distributed under the License is distributed on an "AS IS" BASIS,

   WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.

   See the License for the specific language governing permissions and

   limitations under the License.




