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Strevens’ Tychomancy is an important book for philosophers and historians of science, 

and for scientists interested in the processes by which we reason about probabilities and 

frequencies, or interested in the evolution of our ability to do so.  Strevens notes that we 

often have very good intuitions about probability and frequencies in physical processes, 

and asks how and why that is so.  He describes several closely related reasoning strategies 

that would justify such intuitions.  These “equidynamic” (xi) reasoning strategies1 can be 

used to infer, beginning from relatively minimal assumptions, conclusions about 

frequencies of outcomes of physical processes involving complex interactions.  Strevens 

                                                
1 I’ll use “equidynamic” more generally to refer to arguments of the type that such 
reasoning would embody. 



illustrates the strategies by applying them to examples such as Maxwell’s derivation of an 

equilibrium probability distribution over states of a gas, physical games of chance and 

similar systems, and organisms interacting in evolving populations.  Strevens argues that 

we routinely engage in these reasoning strategies, largely through unconscious processes 

that are in some sense innate.2  

One can divide Strevens’ main conclusion into two distinct theses:  

1.  The justification thesis: Certain “equidynamic” argument forms A1, A2, ... An 

provide, good, defeasible justifications and explanations for claims that frequencies 

in the world will follow (or have followed) certain patterns.  Given that a set of 

premises for argument form Ai are satisfied, frequencies of outcomes in the world 

will usually be as it predicts.   

2.  The cognitive thesis: Among our cognitive processes are those that innately tend to 

routinely embody and apply these argument forms.   

The first thesis turns out to be quite reasonable, and very important on its own, I believe, 

although there is room for challenges to it.  The equidynamic arguments are somewhat 

complex and subtle, and for the most part I won’t attempt to summarize them, as my 

focus is on the second thesis.  I’ll note that while the heuristic explanations of frequencies 

provided in Tychomancy partly recapitulate some of Strevens’ earlier work, not all of the 

material in the current book does so.  Moreover, even where arguments in earlier works 
                                                
2 Concepts of innateness are often problematic (Griffiths, 2009), and Strevens’ sense of 
“innate” isn’t specified in detail, although he distinguishes the claim that equidynamic 
reasoning is innate from the claim that equidynamic reasoning is universal among humans 
(207).  Drawing on a concept of environmentally-relativized innateness from an 
unpublished manuscript by Elizabeth O’Neill, “Relativizing Innateness”, Strevens’ view 
appears to be that equidynamic reasoning capabilities are innate in the sense that they 
almost always develop in those conditions in which humans almost always find 
themselves. 



such as Bigger than Chaos (2003) and Depth (2008) prefigure those in Tychomancy, the 

arguments are often framed in a new way in Tychomancy, and as a result suggest new 

implications.  The new book is also, in a sense, less technical than the earlier ones, 

particularly its most direct ancestor Bigger than Chaos.  Much of the material that is 

central to Tychomancy nevertheless makes for challenging reading, though well worth the 

effort. 

Strevens’ main argument for the cognitive thesis uses inference to the best 

explanation: We are able to predict frequencies very well in such and such circumstances; 

only equidynamic reasoning could allow us to do this; therefore we engage in 

equidynamic reasoning.  I’ll argue that the cognitive thesis would be implausible even if it 

were the current best explanation of our ability to predict frequencies, and that in any 

event there is another, more plausible explanation of these abilities.  Like Strevens’ 

arguments for the cognitive thesis, my arguments will consist largely in informal 

considerations bearing on plausibility.  Convergent experimental evidence about details of 

our cognitive processes, or detailed evolutionary evidence, would be needed to establish a 

hypothesis about how we reliably predict frequencies (as Strevens recognizes). 

To give the reader the flavor of the equidynamic arguments offered in Tychomancy, 

here is an excerpt from the middle of one.  The passage begins by summarizing an 

application of Strevens’ central concept of microconstancy.  For a single die shaken in a 

cup and then tossed,  

The dynamics are microconstant with respect to some outcome of interest—for 

example, the die’s having an axis of rotation piercing its 1 and 6 faces as it 

leaves the container—if the initial condition space can be divided into small 



regions in each of which the proportion of conditions producing the outcome is 

the same.  I want to argue that the shaking process is microconstant in just this 

way. 

Consider a situation in which the die is approaching one of the container’s 

walls with a translational velocity, angular velocity, and position lying inside 

specified small ranges—thus, with a physical state lying in a small continuous 

region of initial condition space S.  Which initial conditions within S will lead 

to which outcomes? In particular, how will the die’s axis of rotation after the 

collision depend on its exact state before the collision? The question can be 

visualized by graphing, either on paper or in your head, a set of [functions from 

pre-collision states to post-collision states].  Each such function will indicate, 

for some outcome of interest, such as the event of the post-collision rotation 

axis’s falling within a certain range of possibilities, which initial conditions in 

S yield the outcome and which do not.  (76)  

What I’ve quoted is not a complete argument, and out of context it may appear more 

abstruse than it is.  Nevertheless, the sort of physical details mentioned in this brief 

excerpt are typical of Strevens’ equidynamic arguments.  While the complete version of 

the argument does provide a reasonable explanation, I believe, for why a cubical die of 

uniform density tossed in this way will usually produce all six outcomes with roughly 

equal frequencies, it’s a further question whether Strevens has described a kind of 

reasoning that humans typically engage in. 

First, note that reasoning of this kind appears to be of recent origin, which is a prima 

facie reason to doubt that its use is universal.  Strevens has been publishing related ideas 



only over the last fifteen years or so (1998; 2003; 2005; 2008; 2011).  In philosophy, 

Rosenthal (2010; 2012), Myrvold (2012) and I (2012a; 2012b) began independently 

developing ideas closely related to some of Strevens’ during roughly the same time 

period.  Mathematical precursors to such ideas go back only as far as the late 19th 

Century, in the work of von Kries (1886, see Rosenthal 2010, 2012) and Poincaré (1896).  

Von Plato (1994) provides relevant history through the first half of the 20th Century.3  

Second, the reasoning involved in Strevens’ equidynamic arguments and in similar 

arguments by the other authors just mentioned is often complex.  For most people, 

equidynamic reasoning would seem to require thinking of a kind in which few people 

engage.4  

Neither of these points shows that Strevens’s cognitive thesis is incorrect.  First, as 

Strevens points out in Tychomancy, we routinely perform enormously complex 

computations by unconscious means, as in visual perception.5 Moreover, Strevens argues, 

it’s often adaptive to be able to predict frequencies, so an unconscious capability to 

engage in equidynamic reasoning plausibly could have been refined over the course of 

our evolutionary history.6 Second, Strevens describes remarkable empirical research by 

                                                
3 Recent related mathematical work includes (Keller, 1986; Diaconis, 1998; Engel, 1992). 
4 Note that although equidynamic reasoning processes would be heuristic, in that they 
start from simplifying assumptions and are not guaranteed to produce correct conclusions, 
Strevens’ proposal does not constitute a contribution to the bounded rationality research 
program, since his heuristics seem complex and difficult rather than “fast and frugal” (e.g. 
Gigerenzer and Selten 2001). 
5 In what follows, I’ll make no distinction between unconscious processes of inference, 
and other computational processes whose inputs could be described by premises of an 
inference, and whose outputs could be described by its conclusion, but which don’t make 
use of propositional representations (see e.g. Haugeland 1997). 
6 Note that many evolutionary biologists hold that such adaptationist hypotheses—that 
such and such organisms have trait T because having T seems adaptive—typically need 
significant further justification (cf. Gould and Lewontin 1979). 



Xu, Téglás and their collaborators that shows that infants behave as if they are able to 

infer the conclusions of some of Strevens’ equidynamic arguments: Very young infants 

appear to be able to predict properties of samples that appear to be randomly chosen from 

larger collections, for example (Téglás et al., 2007; Xu and Garcia, 2008; Denison et al., 

2013; Xu and Denison, 2009).  How can infants do this, if they don’t have innately 

specified cognitive mechanisms for equidynamic reasoning?  

Notice, though, in order to perform the equidynamic inferences that Strevens 

describes in roughly the way that he specifies, a person’s cognitive system must be able to 

classify experience (or other evidence) so as to determine that the premises of an 

equidynamic argument hold (or are likely to hold).  For example, engaging in the kind of 

inference (partially) described in the long passage quoted above requires having some 

concept of a division of an input space into small regions, and having a concept of a 

function from velocities and positions to values of the same kind, where each such 

function is associated with many hypothetical impacts of a die with the wall of a 

container.  The inference requires considering a set of such functions, and recognizing 

that a die will usually hit the wall on its corner.  And it requires assessing, for many of 

these functions, which sets of velocity-position combinations will give rise to a particular 

outcome.  Even if cognitive processes embodying Strevens’ argument don’t require 

conceptualization in any full-fledged sense (choose your preferred theory of concepts), 

there must be perceptual-cognitive processes that allow classifying experience in the way 

that such concepts allow, and that allow performing computations whose inputs are the 

results of those classifications.   



Thus Strevens’ cognitive thesis requires not just that we perform complex reasoning 

processes by unconscious means, but also that we perform an overly complex 

classification of the world by unconscious means.  The cognitive thesis implies that such 

classification requires almost no noticeable effort on our part, is the result of innate 

processes, and is quite general, applying to a large range of disparate circumstances.  But 

the kind of classification required by Strevens’ application of equidynamic reasoning to 

tossing a die, for example, looks like the sort that would require conscious processes, at 

least at first, and that would require specialized mathematical training.  The idea that 

infants engage is such complex classifications is particularly implausible.  (Nor is it 

plausible that adult humans are able to categorize the erratic interactions in biological 

environments world in the way required for Strevens’ applications of equidynamic 

reasoning to evolutionary cases, I claim.7) Empirical research may show Strevens to be 

correct, but on the face of it the cognitive thesis seems quite unlikely, at least because of 

the kind of classification of the world that it requires. 

Yet ...  we do often guess frequencies for dice, and coins, and can sometimes guess 

what sorts of competing organisms will be better adapted, as Strevens suggests, and 

infants can apparently do some similar things.  An implausible explanation wins the IBE 

game, doesn’t it, if it’s the only contestant that isn’t utterly ludicrous? But though IBE can 

provide a reason in favor of hypothesis, and it is not ludicrous, it nevertheless must be 

weighed against the hypothesis’s antecedent plausibility.  The implausibility of the 

                                                
7 Among other things, I should not have had to work as hard as I have to convince other 
philosophers of biology that outcomes in biological environments exhibit sensitive 
dependence on particularities of environmental conditions, if this point were obvious to 
most people, as Strevens suggests (136). 



cognitive capabilities required by Strevens’ cognitive thesis outweighs the reasons to 

accept it, at this point. 

Apart from all of that, there is a competing hypothesis that is more plausible, I 

believe.  I’ll only be able to give a sketch of what I have in mind.  Let’s start with adults.  

The following claims need little justification, except, perhaps, the last:  

1.  Pattern matching: In general, humans, like other higher animals, are very good at 

pattern matching concerning immediate experience; we generalize from known 

cases to similar ones on this basis.   

2.  Induction: We routinely engage in inductive generalizations from experience.   

3.  Social learning Much of what we believe is heavily influenced by learning from 

others (social learning) and by other cultural influences, such as physical artifacts 

that aid learning.   

4.  Classical probability: We routinely default to obvious applications of classical 

probability or Bayesian uniform priors, when there is no better information 

available.  That is, we adopt the working hypothesis that mutually exclusive 

outcomes have equal probability, if we have no information that suggests 

otherwise.  (This tendency plays a role in some of the equidynamic reasoning 

patterns that Strevens describes; I want to consider it on its own.)  

I’ll argue that these characteristics are plausibly sufficient for explaining most of the 

successful judgments, predictions, and behaviors performed by adults that, according to 

Strevens, require equidynamic reasoning.  Each of these characteristics may have roots in 

innate mechanisms, but their application is not restricted to the cases to which Strevens 

thinks equidynamic reasoning applies.  If these general cognitive facilities explain what 



equidynamic reasoning was supposed to explain, then, since we need to assume the 

existence of the more general mechanisms anyway, and since special-purpose 

equidynamic cognitive facilities are implausible on other grounds, there would be no 

reason at present to think that the latter exist. 

Consider, for example, the conclusion that over a long series of well-shaken die 

tosses, each outcome will usually come up with roughly equal frequency.  We don’t need 

to apply a complex equidynamic analysis of the mechanics of dice tossing in order to 

draw this conclusion.  We’ve seen dice tossed many times (induction), and if we haven’t, 

then we’ve heard the conventional wisdom about dice tossing (social learning).  When we 

see a new dice-like situation, we match its pattern to beliefs about similar situations 

(pattern matching).  Would a naive person, with no knowledge of dice, predict that each 

outcome would occur with equal frequency? I am not sure, but I suspect that such a 

person would, either because of an analogy (pattern matching) to more familiar cases, or 

because, with no reason to think that any outcome is more probable than the other, this 

individual would defeasibly guess that they are equiprobable (classical probability).  In 

the latter case, induction would usually confirm or refute the guess. 

Nevertheless, Strevens’ claims that equidynamic reasoning underlies intuitions about 

adaptation and natural selection in evolutionary biology could, in theory, provide his 

strongest case for IBE.8 After all, it doesn’t look like inference using induction will 

explain intuitions about fitness differences by people in industrial societies who don’t 

                                                
8 Strevens argues that Darwinian theory was from its origin based on underlying 
equidynamic reasoning, motivating this view with several instances in which Darwin uses 
words like “chance”.  Much of Darwin’s language has a deterministic flavor, however.  
Detailed historical scholarship would be needed to establish the claim that Darwin’s 
thinking about evolution was not merely intermittently or vaguely probabilistic, given that 
it was not particularly mathematical (Ariew, 2007). 



have detailed experience with populations of organisms.  It’s not clear what other cases 

might serve as initial patterns for intuitions about survival and reproduction.  It’s also not 

clear how to apply classical probability to such cases, in general.  It’s true that in many 

places, people are taught some version of the theory of natural selection, so maybe social 

learning explains intuitions about survival and reproduction.  However, Strevens’ view 

seems to be that it’s obvious to anyone that, say, better camouflage among prey that are 

hunted by sight would typically lead to having more offspring.  Having learned anything 

about evolutionary theory isn’t required.  It’s not clear what general-purpose cognitive 

mechanisms could make such views obvious.  Maybe Strevens’ cognitive thesis is the 

only available explanation of universal intuitions about survival, etc. 

However, I’m sceptical that intuitions related to fitness differences are obvious to 

everyone, and therefore sceptical that these intuitions need an explanation in terms of 

unconscious, innate mental processes in particular.  Here’s one illustration: Strevens says 

that “It seems obvious that, in the right sort of habitat” (134), a prey’s strategy of 

“freezing” in the presence of a predator will make survival more likely.  Strevens gives a 

sketch of how one might derive this conclusion through equidynamic reasoning.  But is it 

obvious that such freezing behavior can be adaptive? On the face of it, standing still when 

a predator is nearby seems like the sort of thing that will lead the predator directly to the 

prey (without any stochasticity).  The benefit of freezing behavior needs a bit of 

explanation at first, and even then, the natural intuition might be to be puzzled about what 

to think about particular cases.  Strevens argues that we understand freezing’s costs and 

benefits in terms of complex equidynamic reasoning about frequencies of interactions 

between organisms.  It seems more reasonable to think that when one is told that many 



animals do engage in this behavior, adaptationist thinking provides a reason to think that 

freezing actually is beneficial for some animals.  But we don’t need to know much about 

the probabilities involved for this kind of how-possibly explanatory move.  We just need 

a vague understanding of natural selection and a vague intuition that “freezing” might be 

beneficial at least some of the time. 

Let’s come back to Strevens’ examples from research on children.  I think it’s 

unlikely that infants use induction or social learning to draw the conclusions about 

frequencies in samples described in (Téglás et al., 2007; Xu and Garcia, 2008; Denison et 

al., 2013; Xu and Denison, 2009).  Pattern matching without previous experience would 

not be enough, either, and applying classical probability appropriately in Téglás’s and 

Xu’s experiments would probably be difficult even for adults.  So it does seem likely that 

infants’ ability to make accurate predictions about sampling is based on innate cognitive 

facilities.  However, the general rule implemented by these facilities need only be 

something like “Unsystematic selection of objects from a jumbled collection produces 

frequencies roughly like those in the collection.”9  Such a rule would require no ability to 

categorize multidimensional state spaces into small regions, etc., but only a certain kind 

of abstract pattern matching based on relatively crude properties of a physical situation.  

If this is correct, then we can add to ()–(), for adults as well as infants, the following 

capability:  

5.  Innate intuitions about unsystematic selection: There are innate cognitive 

mechanisms, resulting from natural selection, that lead to conclusions that 

                                                
9 The word “unsystematic” is intended to rule out, for example, cases in which an infant 
can see that an experimenter intentionally behaved as if seeking balls of a specific color.  
“Jumbled” is intended to be vague, as befits a rule based on flexible pattern matching. 



frequencies in samples are similar to frequencies in collections, when collections 

are jumbled and selection is unsystematic.   

In adults this mechanism could work in combination with facilities ()–(), which seem 

relevant even given ().  For example, it’s not clear how the mechanisms described in () 

would explain adult intuitions about dice tossing. 

Despite my criticisms of the cognitive thesis, I believe that Strevens’ arguments for 

the justification thesis themselves make this a book of great significance.  For one thing, I 

think Strevens may be right to claim that equidynamic arguments explain, in part, why we 

are so good at predicting frequencies:  I believe his equidynamic arguments are largely 

successful at explaining why frequencies usually follow certain patterns, and that 

frequencies do follow those patterns is then what allows facilities ()–() to be used 

successfully.  These points would seem to constitute a major contribution to philosophy of 

science and to the study of human evolution.  But the book has the potential to make a 

contribution of much greater significance. 

Many philosophers of science hold that in order to make sense of the successful role 

of probabilities in science, we need to understand what probability is in various scientific 

contexts—i.e. we need interpretations of probability to characterize the probabilities to 

which scientific research refers.  Strevens proposed an interpretation of probability in 

(Strevens, 2011) that was criticized in works presenting closely related interpretations of 

probability (Rosenthal, 2012; Abrams, 2012a).  However, it may be that in Tychomancy, 

Strevens has sidestepped fundamental philosophical problems for all such interpretations 

of probability, such as how to justify an input measure for microconstant processes.  

Tychomancy may not solve those problems as such, nor problems of other interpretations 



of probability.  Rather, by providing heuristic explanations for why frequencies are 

usually the way they are, the equidynamic arguments in Tychomancy may provide the 

resources for making sense of the role of probabilities in science without requiring an 

interpretation of probability.  This could constitute a revolutionary contribution to our 

understanding of science. 

References 

Abrams, Marshall (2012a).  Mechanistic probability.  Synthese 187(2):343–375. 

Abrams, Marshall (2012b).  Mechanistic social probability: How individual choices 

and varying circumstances produce stable social patterns.  In Harold Kincaid, 

ed., Oxford Handbook of Philosophy of Social Science, chap.  9, pp.  184–226.  

Oxford University Press, Oxford, UK. 

Ariew, André (2007).  Under the influence of Malthus’s law of population growth: 

Darwin eschews the statistical techniques of Adolphe Quetelet.  Studies in 

History and Philosophy of Science Part C: Studies in History and Philosophy of 

Biological and Biomedical Sciences 38:1–19. 

Denison, Stephanie; Reed, Christie; and Xu, Fei (2013).  The emergence of 

probabilistic reasoning in very young infants: Evidence from 4.5- and 6-month-

olds.  Developmental psychology 49(2):243–249. 

Diaconis, Persis (1998).  A place for philosophy? The rise of modeling in statistical 

science.  Quarterly of Applied Mathematics 56:797–805. 

Engel, Eduardo M.  R.  A.  (1992).  A Road to Randomness in Physical Systems.  

Springer-Verlag. 



Gigerenzer, Gerd and Selten, Reinhard, eds.  (2001).  Bounded Rationality: The 

Adaptive Toolbox.  MIT Press. 

Gould, Stephen J.  and Lewontin, Richard C.  (1979).  The spandrels of San Marco 

and the Panglossian paradigm: A critique of the adaptationist programme.  

Proceedings of the Royal Society of London.  Series B, Biological Sciences 

205(1161):581–598. 

Griffiths, Paul (2009).  The distinction between innate and acquired characteristics.  

In Edward N.  Zalta, ed., The Stanford Encyclopedia of Philosophy.  

Metaphysics Research Lab, Center for the Study of Language and Information, 

Stanford University, Fall 2009 ed.  

http://plato.stanford.edu/archives/fall2009/entries/in

nate-acquired/ 

Haugeland, John, ed.  (1997).  Mind Design II: Philosophy, Psychology, and 

Artificial Intelligence.  MIT Press. 

Keller, Joseph B.  (1986).  The probability of heads.  The American Mathematical 

Monthly 93(3):191–197. 

Myrvold, Wayne C.  (2012).  Deterministic laws and epistemic chances.  In Meir 

Hemmo and Yemima ben Menahem, eds., Probability in Physics, pp.  73–85.  

Springer. 

Poincaré, Henri (1896).  Calcul des Probabilités.  Gauthier-Villars, 1st ed. 

Rosenthal, Jacob (2010).  The natural-range conception of probability.  In Gerhard 

Ernst and Andreas Hüttemann, eds., Time, Chance, and Reduction: 



Philosophical Aspects of Statistical Mechanics, pp.  71–90.  Cambridge 

University Press, Cambridge, UK. 

Rosenthal, Jacob (2012).  Probabilities as ratios of ranges in initial-state spaces.  

Journal of Logic, Language, and Inference 21:217–236. 

Strevens, Michael (1998).  Inferring probabilities from symmetries.  Noûs 32:231–

246. 

Strevens, Michael (2003).  Bigger Than Chaos: Understanding Complexity through 

Probability.  Harvard University Press. 

Strevens, Michael (2005).  How are the sciences of complex systems possible? 

Philosophy of Science 72(4):531–556. 

Strevens, Michael (2008).  Depth: An Account of Scientific Explanation.  Harvard 

University Press. 

Strevens, Michael (2011).  Probability out of determinism.  In Claus Beisbart and 

Stephann Hartmann, eds., Probabilities in Physics, chap.  13, pp.  339–364.  

Oxford University Press, Oxford, UK. 

Téglás, Erno; Girotto, Vittorio; Gonzalez, Michel; and Bonatti, Luca L.  (2007).  

Intuitions of probabilities shape expectations about the future at 12 months and 

beyond.  Proceedings of the National Academy of Sciences 104(48):19156–

19159. 

von Kries, Johannes (1886).  Die Principien der Wahrscheinlichkeitsrechnung.  

Mohr Siebeck. 

von Plato, Jan (1994).  Creating Modern Probability.  Cambridge University Press. 



Xu, Fei and Denison, Stephanie (2009).  Statistical inference and sensitivity to 

sampling in 11-month-old infants.  Cognition 112(1):97 – 104. 

Xu, Fei and Garcia, Vashti (2008).  Intuitive statistics by 8-month-old infants.  

Proceedings of the National Academy of Sciences 105(13):5012–5015. 


