Claims and Accomplishments of Applied CT

Response to Zahler & Sussmann, Nature, 1977 (Vol. 269, p. 759-763).

The so-called fall of catastrophe theory in the 1970’s is strongly associated with the famous critical paper of Zahler & Sussmann in Nature in 1977. Because people still refer to this paper when we use CT in our work we give a short reply to each of the 10 points of criticism of Zahler & Sussmann. Note that in the introduction of their paper Zahler & Sussmann (Z&S) state that there may be legitimate uses of CT in physics and engineering. Also they are not questioning the correctness or importance of CT as a purely mathematical subject.

Their 10 points and our responses to those: 

1. Confusion about discontinuity

a) Z&S point is: No real discontinuous jumps exist. Instead, jumps take time.

Response: We agree that jumps always take time. The point is that the system jumps from one stable state to another, passing through intermediate values that are unstable. 

b) Z&S point is: In Zeeman’s example only 3 data points used to infer cusp surface

Response: We now have statistical methods to fit data to the cusp surface similar to, for instance, multivariate regression analysis (Grasman, vd Maas, Wagenmakers, 2009, for an R package). 

2. Use of Thom’s theorem to justify extrapolation

a) Z&S point is: There might be many cusps or folds and they need not be located at the origin nor oriented as shown. 

Response: OK, but locally the transition can be described by one cusp. Zeeman’s catastrohe machine is a nice example of two connected cusps. Locally we can study the behavior of this machine with one cusp (see example in Grasman, Van der Maas, Wagenmakers, 2009). Also in the statistical cusp model we can shift the origin and allow for other linear transformations. Nonlinear transformation are more problematic but in Wagenmakers et al. (2005) we proposed a solution for all diffeomorphisms. 

b) Z&S point is: Any surface is arbitrarily close (due to finite observational error) to a surface that satisfies the conclusion of Thom’s theorem and therefore tells us nothing new about behavior. 

Response: This applies probably to all statistical models. In statistics we have well-established methods to decide which model (a cusp or an alternative model) fits better to data. 

3) Prediction contrary to the fact

Z&S point is: Implications of the cusp model contradict experimental data in case of the protein denaturation model.

Response: This could be the case in this example. Given point 2b of Z&S this is even good news. It is then possible to falsify the cusp model. 

4) Lack of true testable predictions

Z&S point is: CT predictions are either (1) containing the data, (2) purely unverified hopes (3) independent of CT, or (4) just wrong.

Response: 

(1) If the cusp is derived from only a few data points, we are back at criticism 1b. But if enough data are used, Z&S claim there are no testable predictions left. So we always have either too few or too much data, according to Z&S. 
In practice, there are always new independent predictions available (such as divergence by increasing the splitting variable, anomalous variance, and critical slowing down).

(2) Some predictions are hard to test in social science because of ethical reasons or just a lack of experimental control over the control variables. Usually, however, some testing is possible.

(3) Often evidence for CT phenomena (like bimodality in children’s conservation scores, Van der Maas & Molenaar, 1992) can be found in studies unrelated to CT. We think this is only a positive point.

(4) Again it is good news that predictions can be falsified 

5) Misuse of genericity

a) Z&S point is: Zeeman incorrectly uses the concept of genericity in his frontier example. 

Response: In standard applications of the cusp, genericity plays no direct role. Indirectly it features in the mathematical basis of CT. The mathematical correctness was accepted by Z&S in their introduction.

b) Z&S point is: Hypotheses underlying CT modeling are often vague.

Response: From a mathematical point this is probably a correct assessment. But the application of CT in social sciences yields often rather concrete and testable hypotheses, even more so when compared to alternative, completely verbal modeling accounts. Imprecise language is always a threat.

6) Misleading use of mathematics

a) Z&S point is: The cusp arose because the hypotheses were carefully chosen to make sure that it would. 

Response: We do not see the problem here as long as these hypotheses are tested and proven correct.

b) Z&S point is: The cusp is just a system with variable degrees of ordinary hysteresis loops. 

Response: From a mathematical point of view such a system of connected hysteresis graphs is nothing special. For applied researchers, however, it certainly is. As an illustration, consider that a ball can be described as just a series of connected circles of various degrees. This does not devalue the use of the concept of ball.

However, we see some merit in this criticism (also made by Smale). In the physical examples in Poston and Stewart’s book, the model assumptions are formulated on very low level. This leads to a mathematical model that can be transformed to the cusp. In social science applications, however, we often just assume the whole cusp. That is not optimal. But as hypothesis this model may work well. If it fits the data we made progress. 

c) Z&S point is: A model (fig 4 in their paper) with a parabolic bifurcation set instead of the normal v-formed bifurcation set, could equally well describe the data.

Response: This is an interesting mathematical point that should be discussed by people familiar with topology. Figure 4 can probably be transformed with local diffeomorphisms to the cusp. 

Note: Z&S and also Smale in his Bulletin of the American Mathematical society (1978) review of Zeeman’s selected papers book, complain about mystifying terms as the “deep theorem of Thom”. We can only agree but also observe that such mystification is not used in current CT work.

7) Careless discussion of evidence

Z&S point is: Zeeman’s claims of evidence for his models are incorrect. 

Response: The examples are not in our field of expertise. It would take quite some work to see how well these models hold in view of the current state of affairs (35 years later). Clearly, the criticism here does not concern CT but the mathematicians using it in applications. In general, model verification is always difficult. We think the examples in Poston and Stewart are very convincing. We also claim that our own examples (see Han van der Maas' website for papers), do meet the criteria for testing in psychology. We put much effort in developing adequate statistical methods. 

Note: This point is also made by Smale. We agree that mathematical modelers should always be well informed about the area of application. 

8) Unreasonable or ambiguous hypotheses

Z&S point is: Zeeman’s war example is false since going to war is always discrete. No sensible person will advocate a level of military action so low that the enemy is sure to win an easy victory. A continuous change in war-no war is unreasonable.

Response: Again we see this as an advantage. Z&S have proposed an alternative model with a clear discriminating prediction: also in case of low costs, war/no war changes discretely. The problem is that this is of course not easily testable in case of war. But it may be testable when it concerns aggression between pairs of people. Note that Z&S idea of a discrete change in war/no war is not necessarily true. People and countries not always behave sensibly.

9) Spurious quantification

Z&S point is: CT theorists often attempt to make a discrete variable into a continuous one. This is the same point as given in 8). Z&S example is aggression, which they believe to be inherently discrete. According to Z&S, Zeeman’s interpretation of aggression as continuous family of behaviors is meaningless. 

Response: We can think of situations in which aggression can vary from mild to severe. For instance, in the literature on husband-wife aggression, an extended continuum of aggressive behaviors is described. Aggression can be verbal, physical directed to belongings of a person, mildly physical directed to the person through severely physical. We're well aware that it is problematic to claim a quantitative dimension of aggression here, but a rich ordering of aggressive acts is very useful to describe domestic violence. A discrete description in aggressive/not aggressive is clearly insufficient. 

10) Better alternatives

Z&S point is: Better alternatives for discontinuous phenomena certainly exist such as quantum mechanics, discrete mathematics and bifurcation theory. 

Response: These alternatives are not per definition better in all situations. Let’s decide which is best for each application separately. Of course quantum mechanics will win if we study quantum phenomena, but we couldn't find a serious application of quantum mechanics in social science. To us, CT is just a part of bifurcation theory. 

Conclusion

Z&S ask why CT was so well received. Their critical paper is certainly a reaction to the unrealistic claims made about CT in the early seventies, especially in the popular press. Looking back, however, their 10 points of criticism are not very convincing either. For us, CT is just a tool to study phase transitions. The cusp is a nice model to understand such processes. Luckily, nowadays, good statistical techniques for its verification are available. 

Unfortunately, there are some incorrect statistical approaches that are applied by some people. This is explained in the Grasman, van der Maas & Wagenmakers paper (2009). We think the papers of Rosser (2007) and Oliva & Capdevielle (1980) give a good assessment. 
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