Chapter 5: Toward an Understanding of Analogy within a Biological Symbol System  (summarized by Erin Clark)

 Holyoak and Hummel present their model of the highly general cognitive mechanism of analogical thinking, LISA (Learning and Inference with Schemas and Analogies), in this chapter.  The aim of creating LISA was ‘to develop a model with greater psychological and ultimately biological fidelity than previous efforts’.  In particular, H&H are concerned about whether the model is plausible in regard to capacity limits on the working memory of humans, and whether it can fully integrate all of what they consider to be the constituent processes of analogical thinking (listed above).  They hope to relate models of analogy to cortical functions.

Assumptions:

-    Analogical thinking depends on 

- representations explicitly expressing the internal structure of propositions (symbol systems)

- binding fillers to relational roles (symbolic operations)

· Working memory is a limiting factor

LISA is therefore a neural network model (because the computing architecture is ‘neurally inspired’) with a symbolic-connectionist approach to analogy.  Symbolic representation allows for both dynamic binding and for representations of the relations independent of the roles and fillers.  Binding is accomplished by synchrony of firing, which H&H say is neurally plausible. 

The model:

Binding takes place in the working memory (WM), with case roles and objects represented on semantic units as distributed patterns of activation.   A hierarchy of structure units then encodes this in long-term memory (LTM).  This hierarchy is made up of predicate and object units at the lowest level, subproposition units at the next level, and proposition units at the highest level. Finally, one analog is mapped onto another by means of mapping connections between structure units of the same type in different analogs.

Symbolic-connectionist models have inherent capacity limits because only a finite number of groups of units can be active simultaneously and out of synchrony.  H&H say that this kind of limit is what imposes the upper bounds on how many things can be ‘thought of’ at once, and hence the complexity LISA can manage (since they say that binding takes place in WM).

The richness of the semantic content can extend a person’s ability to map large analogs.  H&H found that this was also the case with LISA (Persian Gulf crisis example) – LISA is able to scale up.

H&H discuss evidence of the neural locus of relational reasoning as being in the prefrontal cortex; the kind of working memory responsible for relational integration is there.  They say that LISA ‘provides an account of why working memory […] is essential for relational reasoning in tasks such as transitive inference.’

Points/questions from the discussion of chapter 5
· WM claim:  Relational integration/dynamic variable binding takes place in WM, therefore the limits of WM impose/explain limits in analogical thinking

-Could the limits on productivity be expressed more explicitly/mathematically?

· Authors don’t talk about all possible properties (fluid/productive analogies)

· LISA isn’t productive

· Is it robust?

· How much does the model need to be finessed for different content?

· How did the students generate predicates from the text in the first place? (the predicates fed into LISA)

-It seems that pulling the relevant semantic content out of a text is a big part of the problem.  If this is already done for the model, how useful/interesting is the model?

· Input format reflects assumptions about the lower-level system.  These may be wrong, which could completely change the problem.

· Structure of the model also reflects assumptions about what is going on.  In fact, LISA begs as many questions as it answers.  It assumes what it’s trying to prove.

· If only part of the model loosely relates to known biology, can the model really be thought of as biologically plausible?

· Do H&H achieve their objectives/what they intended to prove?

