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Abstract: Recent developments in cognitive learning theory are likely to shed new light on the
process of Second Language Acquisition (SLA). Basic phenomena in the behaviour of language
learners suggest that SLA roots in two entirely different leaming processes: a grammatical
induction device attuned to properties of natural languages, and a knowledge compilation device
which according to Anderson’s ACT*/PUPS mode! (Anderson, 1989) underlies the acquisition
of cognitive skills in general. The paper presents a characterization of SLA along these lines,
outlines its empirical underpinnings, and explores the implications with respect to the design of
second language instruction methods and environments.
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Introduction

Recent developments in cognitive learning theory are likely to shed new light on the process of
Second Language Acquisition (SLA). Basic phenomena in the behaviour of language leamners
suggest that SLA roots in two entirely different leaming processes: a grammatical induction
device attuned to properties of natural languages, and a knowledge compilation device which
according to Anderson’s ACT*/PUPS model (Anderson, 1989) underlies the acquisition of
cognitive skills in general. I will present a characterization of SLA along these lines, outline its
empirical underpinnings, and explore the implications with respect to the design of second
language instruction methods and environments.

Language acquisition processes

One of today’s most prominent cognitive learning theories is John R. Anderson’s ACT* model
(recently renamed PUPS; see Anderson 1989). It presupposes a distinction between three levels
of analysis of cognitive mechanisms: the knowledge level, the algorithm level, and the imple-
mentation level. A knowledge level analysis describes what a person is capable of doing in prin-
ciple: cf. Chomsky’s competence notion. The knowledge level abstracts away from the manner
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in which knowledge is represented and used in actual behaviour. The algorithm level analyses
how knowledge is put to use. For example, linguistic knowledge is embedded in procedures for
speaking and understanding a language. Thus it specifies the actual behaviour potentials of a
cognitive mechanism. (In ACT*, procedures are embodied in production systems consisting of
situation-action rules whose firing is controlled by an activation-based regimen.) The observa-
ble behaviour of a cognitive mechanism depends, apart from knowledge-level and algorithm-
level determinants, on the way procedures are implemented in a computational environment.
For instance, the study of speech errors typically addresses the implementation level. Linguistic
performance in Chomsky’s sense belongs to the algorithm or the implementation level, or to
both.

Learning takes place at all three levels. At the knowledge level there is ‘declarative record-
ing’ of events observed in the environment. For instance, language learners register in working
memory and/or in long-term memory linguistic utterances spoken by people in their environ-
ment, together with the meanings presumably intended by these speakers. I will call these events
‘intention-expression pairs’ (abbreviated as I-E pairs). They form the empirical base from
which children are able, by virtue of a hitherto unknown mechanism, to induce the grammar of
their native language (or languages, in case children grow up in a bilingual or plurilingual en-
vironment). At any point during this primary language acquisition process, learners can test
their current grammar by actually expressing their own intentions and comparing the resulting
utterances with expressions which were produced by adult speakers under similar intentional
conditions. In Figure 1, the two types of intention-expression pairs feeding into the grammatical
induction process are designated as autogenous and allogenous I-E pairs (produced by the
speaker and by the ‘environment’ respectively).

Learners are helped by innate restrictions on the hypothesis space of possible natural-lan-
guage grammars (cf. Pinker, 1984, 1989). This is a controversial assumption, though, rejected
by various students of language acquisition including Anderson (1983). The restrictions pre-
sumably reflect ‘hard-wired’ properties of the Linguistic Processor. The Grammatical Induction
process is located at the algorithm level: the registered declarative information is embedded in
procedures (productions) which control the functioning of the Linguistic Processor.
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Figure 1: Two language leaming mechamisms and their interrelationships.



141

Learning at the implementation level might be called ‘automatization’. It does not add to
the behaviour potentials of the cognitive mechanism but optimizes the value of dynamic param-
cters (in particular the activation levels of productions), thereby reducing the effort required to
execute cognitive procedures (Anderson’s term is ‘strengthening’). In the context of primary
language acquisition, automatization contributes to a smoother and more fluent performance of
the Linguistic Processor.

In secondary or guided language acquisition the leamer starts out from explicit linguistic
rules. The ACT* theory views rules of grammar as declarative knowledge which can be incor-
porated into procedures by a leaming process called knowledge compilation. Well-known is An-
derson’s application of this notion to learning command and programming languages (e.g., sce
Singley & Anderson, 1989). Compilation of declarative knowledge means that a sequence of
computational steps which led to the solution of a problem (e.g.. applying various syntactic and
morphological rules in order to determine which form of a verb is correct in the given sentential
context) is collapsed into a novel one-sezep procedure. Confronted with new instances of the
problem at later occasions, this new procedure can return the solution immediately, without hav-
ing to engage in extensive problem-solving activity. The declarative grammatical knowledge
which had to be retrieved from long-term memory in the course of the original solution process,
has become integrated into a new procedure stored in Procedural Memory. Henceforward, when
interpreting or producing a sentence in a foreign language, the learner can rely on activating
such procedural knowledge rather than on retrieving declarative knowledge in the form of ex-
plicit grammar rules. Repeated execution of compiled grammatical procedures will promote au-
tomatization and lead to higher levels of foreign language proficiency.

The process of knowledge compilation is controlled by corrective feedback about success
and failure in the execution of cognitive procedures. This information is usually adduced from
the environment, in particular by teachers, but can sometimes be inferred by the learners them-
selves (one possibility is indicated in the next section).

The assumption of specialized cognitive mechanisms for primary language acquisition is in
line with Fodor’s modularity thesis (Fodor, 1983) but might go against Anderson’s claim that
the ACT*/PUPS model is a general cognitive architecture for knowledge acquisition and skill
learning, i.e., encompassing both primary and secondary language acquisition. It remains to be
seen whether a satisfactory account of the vast empirical differences between these language
learning modes (cf. the subsequent section on primary versus secundary language acquisition)
is possible within the ACT*/PUPS framework.

The hybrid nature of second language acquisition

I assume that primary and secondary language acquisition can work concurrently. By executing
compiled grammatical procedures the learner generates language utterances — correct or incor-
rect I-E pairs in the foreign language -- which can be taken into account by the Grammatical
Induction process. This is indicated by the arrow from Procedural Memory 1o Autogenous [-E
pairs in Figure 1. Secondary acquisition of a foreign language can thus trigger or catalyse pri-
mary acquisition of the same foreign language. There are effects in opposite direction as well,
i.e., from primary to secondary language acquisition. Foreign language utterances constructed
by the Linguistic Processor, i.¢., solely on the basis of implicit rules resulting from Grammatical
Induction, may serve to check correctness of utterances assembled on the basis of explicit gram-
mar rules or compiled grammatical procedures (see the arrow from Autogenous I-E pairs to
Corrective Feedback in Figure 1).






