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<C-AB>Abstract: This commentary questions the applicability of the Newell Test for evaluating the utility of connectionism. Rather than being a specific theory of cognition (because connectionism can be used to model nativist, behaviorist, or constructivist theories), connectionism, we argue, offers researchers a collection of computational and conceptual tools that are particularly useful for investigating and rendering specific fundamental issues of human development. These benefits of connectionism are not well captured by evaluating it against Newell’s criteria for a unified theory of cognition.

<C-text>In this commentary, we question Anderson and Lebiere’s project of grading connectionism according to the Newell Test as an appropriate means of assessing its utility for cognitive science. In our view, connectionism, unlike ACT-R, is not a specific theory of cognition. It can be used to model nativist, behaviourist, or constructivist theories by modifying parameters with respect to built-in representational and architectural or computational structures. Rather, connectionism is a set of computational and conceptual tools that offer researchers new and precise ways of thinking about and investigating complex emergent behaviour. From this standpoint, if we take the view that theory evaluation in science is best conceived as a comparative affair in which mature theories are evaluated along a number of dimensions to determine which provides the best explanation of the phenomena in question (e.g., Lakatos 1970; Thagard 1992), then connectionism does not offer an appropriate theoretical alternative against which to evaluate ACT-R. Moreover, the current appraisal of connectionism against Newell’s criteria actually misses many of the positive applications of connectionist tools in cognitive science research. In developmental psychology, for example, this methodological and conceptual toolbox has been put to use in the service of tackling long-standing issues about the mechanisms responsible for developmental change and, more generally, has supported renewed efforts to construct a genuinely interactional account as a theoretical framework for cognitive development (Elman et al. 1996; Karmiloff-Smith 1992; Newcombe 1998). It has also been successfully used to clarify the fundamental differences between adult neuropsychological patients and children with developmental disorders (Karmiloff-Smith 1997; 1998; Karmiloff-Smith; Scerif & Ansari, 2003
; Karmiloff-Smith et al. 2002; Thomas & Karmiloff-Smith, 2002
) and to model how language acquisition can follow atypical developmental trajectories (Thomas & Karmiloff-Smith, 2003
).

Connectionist models have been shown to be highly relevant to the concerns of developmental researchers, first, because they offer a valuable means of investigating the necessary conditions for development. That is, connectionist models provide concrete demonstrations of how the application of simple, low-level learning algorithms operating on local information can, over developmental time, give rise to high-level emergent cognitive outcomes (Elman et al. 1996; Plunkett et al. 1997; Karmiloff-Smith 1992; Karmiloff-Smith et al. 1998). These demonstrations in turn have forced researchers to revisit assumptions about what can actually be learned as opposed to what has to be prespecified, and to recognize that far more structure is latent in the environmental input and capable of being abstracted by basic learning algorithms than previously imagined.

Concerning assumptions about the nature of the starting state in the developing individual, explorations with connectionist models have been pivotal in clarifying the issue of innateness and identifying a range of potential ways in which innate constraints can be realised (Karmiloff-Smith et al. 1998). As Elman et al. (1996) make clear, despite the current dominance of nativist approaches to the development of language and cognition, scant attention has been given to the issue of biological plausibility in discussions of innate properties, and there has been little investigation of the potential variety of ways in which something could be innate. In contrast, and as a direct result of their experience with connectionist models, Elman et al. (1996) not only present a case against the plausibility of “representational nativism” but also offer a framework for developing alternative conceptions of innate constraints on development that draws on architectural and timing constraints in connectionist models as a guide.

In addition to clarifying the necessary conditions for development, connectionist models also provide a vehicle for exploring the dynamics of development. One of the key insights provided by connectionist models is that the mapping between overt behaviour and underlying mechanism is often nonlinear. As Elman et al. (1996) emphasize, contrary to assumptions underpinning much developmental research qualitative changes in behaviour do not necessarily signal qualitative changes in the mechanisms responsible for that behaviour. Instead, these models demonstrate that sudden dramatic effects in terms of the output of a system can be produced by tiny, incremental changes in internal processing over time. In the case of ontogenetic development, this suggests that apparent discontinuities in conceptual or linguistic understanding or output may not be the result of new mechanisms coming online at certain points in development as has often been assumed, but instead reflect the continuous operation of the same mechanism over time.

Added to demonstrations of how the same mechanism can be responsible for multiple behaviours, connectionist models can also illuminate the reverse case in which a single outcome or behaviour arises through the action of multiple interacting mechanisms. Further, Elman et al. (1996) point to instances where the same behavioural outcome can be produced in a number of different ways, as in the case of degraded performance in artificial neural networks. (See Karmiloff-Smith 1998 for how crucial this is in understanding so-called behaviour in the normal range in some developmental disorders). Precisely because connectionist models allow researchers to probe the potential range of relations that can exist between behavioural outcomes and their underlying causes, they overturn assumptions of straightforward one-to-one mapping between mechanisms and behaviour and are therefore useful in revealing the “multiplicity underlying unity” in development (Elman et al. 1996, p. 363).

The preceding are but a few examples that identify specific issues in developmental psychology where connectionist tools have demonstrated natural applications. More generally, the resources of connectionism have also been a critical factor in recent attempts to develop a viable interactionist framework for cognitive developmental research. Commenting on the connectionist inspired framework advocated by Elman et al. (1996), Newcombe (1998) points to a recent trend in cognitive developmental theorising that eschews the extremes of nativist and empiricist approaches to learning and cognition, in favour of an account that offers some substantive ideas about the reciprocal actions of organism and environment in producing developmental change. From this standpoint, the resources of connectionism can be seen to contribute to this project by offering researchers a specified, formal account of the developmental process that goes well beyond the verbal accounts typical of developmental theory. Moreover, as Elman et al. (1996) point out, the striking resemblance between the process of error reduction in artificial neural networks and earlier attempts to depict epigenesis in natural systems (e.g., Waddington 1975) offers further evidence of the utility of connectionism for attempts to formalize the interactional nature of development.

The preceding sketch serves to highlight some of the variety of ways in which the computational and conceptual resources of connectionism have been usefully applied in developmental psychology. Yet these pragmatic benefits of connectionist models are not readily apparent in Anderson and Lebiere’s current evaluation of connectionism against the Newell Test designed to reveal an adequate theory of cognition. As it stands, their evaluation falls short of a comprehensive comparative appraisal of ACT-R as a candidate theory of cognition, and it fails to bring forth the utility of the connectionist toolbox for cognitive science research.
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