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       Causal Emergence in Science and Metaphysics Joe Dewhurst (MCMP/LMU) joseph.e.Dewhurst@gmail.com Overview • The metaphysics of causal emergence (briefly) • Three information-theoretic measures of causal emergence • The metaphysical commitments of these measures • A new scientific metaphysics for causal emergence? The metaphysics of causal emergence What is causation, such that it could emerge? • Regular co-occurrence (regularity theories) • Counterfactual dependence (counterfactual theories) • Increased probability of effects (probabilistic theories) • Conserved quantities or marks (process theories) • Manipulability (agential and interventionist theories) • Powers, capacities, or dispositions (closest to intuitive notion of causal emergence?) • Non-reductive accounts The metaphysics of causal emergence What is emergence, such that it could be causal? • Strong (or ontological) emergence • Genuinely novel higher level causes (whatever that means) • Weak (or epistemic) emergence • ‘Better’ causal descriptions or explanations at a higher level • Synchronic emergence • The emergence of novel causes simultaneously with lower level causes • Diachronic emergence • The emergence of novel causal processes or levels over time The metaphysics of causal emergence • Strong synchronic emergence • Novel causation at the higher level, simultaneous with the lower level causes • Weak synchronic emergence • Higher level causal description or explanation is ‘better’ than lower level • Strong diachronic emergence • The emergence over time of genuinely novel causal processes, but these might be purely low-level (i.e. not strongly synchronously emergent) • Weak diachronic emergence • The emergence over time of complex causal structures that can be ‘better’ described or explained at a higher levels of analysis (might imply weak syn.) Three information-theoretic measures • Hoel et al: Effective information as a measure of causal emergence • Interventionist/Probabilistic (Pearl), strong/weak synchronic emergence • Flack: Collective computation and ‘strong/weak’ downward causation • Probabilistic (predictive), strong/weak diachronic emergence • Rosas et al: Decoupling/downward causation in multivariate data • Probabilistic (Granger), weak synchronic emergence Hoel et al: Effective information • Defines a measure of causal power in terms of effective information. • “a quantity capturing all causal interactions that can occur between two parts of a system” (Tononi & Sporns 2003) • Shows how coarse-graining a model can increase this measure. • By grouping together causally indeterminate microstates into a single determinate macrostate. • Concludes that there can be more causation at the macro-level. • Because the coarse-grained model contains greater effective information. (From Hoel 2017) (From Hoel 2017) (From Hoel 2017) Flack: Collective computation • Considers cases where adaptive systems produce (and use) coarse- grained models of their own microstates. • Candidate systems might be social, biological, or artificial. • Defines this as emergent ‘downward causation’ when an aggregate macro-model ‘causes’ novel regularities in the microstates. • Leading to a kind of self-regulation or “tuning”. • Distinguishes between apparent and effective downward causation, but the difference is only one of strength or degree. • “I use the term apparent downward causation when tuning is partial and imprecise [and effective downward causation when it is strongly predictive, robust to small perturbations, and increases mutual information between micro and macro]” (From Flack 2017) Flack: Collective computation • Individual macaques produce coarse-grained models of social status, and the overall ‘collective computation’ governs their behaviour: • “the collective computation in this example has two phases—an information accumulation phase in which the individuals, like sensors, gather information semi- independently about who is capable of winning fights, and a consensus or aggregation phase, in which that information is shared in a signalling network that encodes the power distribution” • Endogenous coarse-graining in molecular systems: • “Fragments are molecular interaction patterns that are independent or nonoverlapping and, critically, are patterns that the system recognizes and uses. They are sufficient higher-level descriptions of system dynamics.” • And (artificial) neural networks: • “coarse-graining and compression by neural nets have been proposed as mechanisms by which neural nets can learn high-level representations of data.” Rosas et al: Multivariate analysis • Uses multivariate analysis to identify systems where a description of the whole better predicts the future state of either the whole (causal decoupling) or of some part (downward causation): “causal emergence takes place when a supervenient feature Vt has irreducible causal power, i.e. when it exerts causal influence that is not mediated by any of the parts of the system. In other words, Vt represents some emergent collective property of the system if: 1) contains information that is dynamically relevant (in the sense that it predicts the future evolution of the system); and 2) this information is beyond what is given by the groups of k parts in the system when considered separately.” (Rosas et al 2020, emphasis in original) (From Rosas et al 2020) (From Rosas et al 2020) (From Rosas et al 2020) (From Rosas et al 2020) (From Rosas et al 2020) Three information-theoretic measures • Hoel et al: Effective information as a measure of causal emergence • Interventionist/Probabilistic (Pearl), strong/weak synchronic emergence • Flack: Collective computation and ‘strong/weak’ downward causation • Probabilistic (predictive), strong/weak diachronic emergence • Rosas et al: Decoupling/downward causation in multivariate data • Probabilistic (Granger), weak synchronic emergence Metaphysical commitments • Hoel et al: • Epistemic emergence of better descriptions? • “a macroscale description of a system (a map) can be more informative than a fully detailed microscale description of the system (the territory)” • Or the ontological emergence of novel powers? • “the macro beats the micro in terms of efficacy, informativeness, or power of its causal relationships” (emphasis added) • The former seems more plausible, but would be less exciting, especially given the background context of information-theoretic accounts of consciousness. • The ‘end goal’ here is to understand how consciousness (as defined by IIT) can be understood in causal terms, so as to not be rendered epiphenomenal. Metaphysical commitments • “It was hard for me to find anything in the essay that the world’s most orthodox reductionist would disagree with. Yes, of course you want to pass to higher abstraction layers in order to make predictions, and to tell causal stories that are predictively useful — and the essay explains some of the reasons why.” • “Faced with a claim about ‘causation at higher levels,’ what reductionists disagree with is not the object-level claim that such causation exists (I scratched my nose because it itched, not because of the Standard Model of elementary particles). Rather, they disagree with the meta-level claim that there’s anything shocking about such causation, anything that poses a special difficulty for the reductionist worldview that physics has held for centuries.” (Physicist Scott Aaronson on his blog Shtetl-Optimized) Metaphysical commitments • “The theory does imply that universal reductionism is false when it comes to thinking about causation, and that sometimes higher scales really do have more causal influence (and associated information) than whatever underlies them. This is common sense in our day-to-day lives, but in the intellectual world it’s very controversial.” • “More importantly, the theory provides a toolkit for judging cases of emergence or reduction with regards to causation. It also provides some insight about the structure of science itself, and why it’s hierarchical (biology above chemistry, chemistry above physics). One reason the theory provides is that scientists naturally gravitate to where the information about causal structure is greatest, which is where they are rewarded in terms of information for their experiments the most, and this won't always be the ultimate microscale.” (Erik Hoel on his own blog, in response to Aaronson) Metaphysical commitments • Flack: • ‘Operational’ definition of emergence, purely instrumental? • “we can reconcile this conflict [about emergence] by being operational and examining how adaptive systems identify regularities in evolutionary or learning time and use these perceived regularities to guide behaviour” • Distinguishes between weak (‘apparent’) and strong (‘effective’) emergence. • “I use the term apparent downward causation when tuning is partial and imprecise [and effective downward causation when it is strongly predictive, robust to small perturbations, and increases mutual information between micro and macro]” • Describes a diachronic effect on the microstates of a system by a macroscopic ‘governor’, but is not so concerned about whether this is traditionally causal. • “I will not discuss in this paper when the operational concept of downward causation I am proposing conforms to strict definitions of causality” Metaphysical commitments • “The basic idea proposed in this paper is that as a consequence of integrating over abundant microscopic processes, coarse-grained variables provide better predictors of the local future configuration of a system than the states of the fluctuating microscopic components.” • “Normally when we talk of coarse-graining, we mean coarse-grainings that we as scientists impose on the system to find compact descriptions of system behaviour sufficient for good prediction. However, we can also ask how adaptive systems identify regularities and build effective theories to guide adaptive decision-making and behaviour. To distinguish coarse-graining in Nature from coarse-graining by scientists, we call coarse-graining in Nature endogenous coarse-graining.” Metaphysical commitments • Rosas et al: • Aims to address the “’paradoxical’ properties of strong emergence”, but with a seemingly epistemic flavour of both strong and weak causal emergence: • “Weak emergence has been proposed as a more docile alternative to strong emergence, where macroscopic features have irreducible causal power in practice but not in principle.” (emphasis added) • “causality ought to be understood in the Granger sense, i.e. as predictive ability.” • Discusses both downward causation (similar to Flack) and ‘causal coupling’, but characterises both as synchronic forms of emergence: • “Our theory focuses on synchronic aspects of emergence, analysing the interactions between the elements of dynamical systems and collective properties of them as they jointly evolve over time.” Metaphysical commitments “Our theory of causal emergence is about predictive power, not ‘explicability’, and therefore is not related to views on strong emergence such as Chalmers'. Nevertheless, our framework embraces aspects that are commonly associated with strong emergence - such as downward causation - and renders them quantifiable. Our framework also does not satisfy conventional definitions of weak emergence, but is compatible with more general notions of weak emergence, e.g. the one introduced by Seth. Hence, our theory can be seen as an attempt at reconciling these approaches, showing how ‘strong’ a ‘weak’ framework can be.” (Rosas et al 2020) Metaphysical commitments • Hoel et al: • Appears to be arguing for causal emergence in a strong ‘powers’ sense, but then reverts to talking about the emergence of a more ‘informative’ model. • Flack: • Avoids discussing traditional definitions of causation, and is more interested in the emergence of self-regulation than causation as such. • Draws a strong/weak distinction, but in epistemic rather than ontic terms. • Rosas et al: • Provides an analysis of both strong and weak causal emergence in traditionally epistemic terms, just measuring Granger (predictive) causality at higher levels. A new scientific metaphysics? • A deflationary sense of causal emergence? • If causality just is something epistemic, i.e. Pearl or Granger causality, then it might make sense to talk of it “emerging” as we coarse-grain a system. • This wouldn’t be the emergence of novel causal powers, but rather the emergence of stronger predictability, where that is all causation is. • Whether this kind of emergence is ‘strong’ or even ‘ontological’ would depend on whether one thinks there is anything stronger it could be. A new scientific metaphysics? • A method to quantify novel emergent structures or patterns? • Even if one thinks causation-proper is something stronger than mere predictability, these measures might identify the kinds of system where an autonomous or sui generis causal analysis is appropriate. • This ‘new’ causal analysis would not strictly have emerged from lower-level causation, but it might be most appropriately be understood without reference to lower-level causes, and be emergent in this sense. • These formal measures of causal emergence could therefore provide the empirical analysis of ‘pattern ontologies’ that Andersen (2017) calls for, building on the (anti-)metaphysics of Ladyman & Ross and Dennett. A new scientific metaphysics? • An information-theoretic ontology? • If the basic structure of the universe is informational, then the ‘epistemic’ sense of causation might be more properly considered ‘ontological’. • Some interpretations of the Bayesian/Pearl approach suggest something like this, and the idea is taken quite seriously by a minority of physicists. • However, its not clear that it would get us genuinely strong causal emergence – does coarse-graining change the objective probabilities, or just our subjective assessment of them? • An even more radical ‘scale-relative’ information ontology could achieve this, but this is not what many have in mind when they get excited about causal emergence. A new scientific metaphysics? • Anecdotally, it seems like what people are excited about when it comes to causal emergence is the possibility of emergent mental causes, i.e. the idea that the mind might somehow have causal powers over-and-above its physical substrate. • None of these formal measures are likely to get us anything like that, even if we do take their novel scientific metaphysics seriously: • Deflationary emergence gets us better predictability without more power. • Pattern emergence gets us explanatory autonomy, not emergent causes. • An information-theoretic ontology might get us causal emergence in the exciting sense, but is otherwise quite odd. • What is important here is that we first understand (and define) what people are actually excited about, and then see if the formal measures can achieve this. A new scientific metaphysics? • Deflationary plus pattern emergence could get us a formal account of how to determine which grain of a system is most amenable to intervention or analysis: • Hoel et al: How to intervene to cause the states we care about • Flack: How a system models itself for the purposes of regulation • Rosas et al: How to build a coarse-grained model that preserves causal dynamics • Whether emergence of this kind is (either strongly or weakly) causal will depend on what we mean by ‘cause’, but this might just be a matter of definition. • What it won’t get us is a measure of strong causal emergence in the traditional metaphysical sense, but it’s not obvious that we should care about that. Conclusion • Information-theoretic measures of causal emergence challenge conventional metaphysical definitions of both ‘causation’ and ‘emergence’. • To the extent that they are taken seriously within their respective scientific domains, we should consider whether they can offer a new approach to these old debates. • As Andersen (2017) puts it in another context, analyses of these kind could mark “the beginning of the end of causation as a specifically philosophical rather than scientific discipline”. • This doesn’t mean that there is no more philosophical work to be done, but rather that it should be scientifically informed, and should be open to the possibility of a (or several) new scientific metaphysics. References • Andersen, H.K. 2017. “Patterns, Information, and Causation.” The Journal of Philosophy, 114/11: 592-622. • Flack, J.C. 2017. “Coarse-graining as a downward causation mechanism.” Philosophical Transactions of the Royal Society A, 375: 20160338. • Hoel, E. 2017. “When the Map is Better Than the Territory.” Entropy, 19/188: doi:10.3390/e19050188 • Hoel, E., Albantakis, L., & Tononi, G. “Quantifying causal emergence shows that macro can beat micro.” Proceedings of the National Academy of Science, 110: 19790-5. • Hoel, E., Albantakis, L., Marshall, W., & Tononi, G. 2016. “Can the macro beat the micro? Integrated information across spatiotemporal scales.” Neuroscience of Consciousness, 1: doi:10.1093/nc/niw012 • Rosas, F.E., Mediano, P.A.M., Jensen, H.J., Seth, A.K., Barett, A.B., Carhart-Harris, R.L., Bor, D. 2020. “Reconciling emergences: An information-theoretic approach to identify causal emergence in multivariate data.” arXiv:2004.08220. • Tononi, G. & Sporns, O. 2003. “Measuring information integration.” BMC Neuroscience, 4: 31. 
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