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Although the ability for recursion may be innately available [1], languages differ in the depth and 
structures of recursion in specific syntactic domains [2], which children must acquire based on 
experience. For example, prenominal adjectives can be recursively stacked (e.g., the big red shiny 
car) in many languages including English and German, a property, which children master around 
age 2 [3]. Which learning mechanism enables such early acquisition? 

We propose that recursion is an instance of productivity, according to which a rule applies 
to a category irrespective of lexical identities. In the case of English determiners [4,5], productivity 
is defined as the structural substitutability of a and the in combination with nouns. We propose 
that adjective stacking can be similarly viewed as productivity of adjective placement irrespective 
of their structural position: for a noun phrase A1A2N, if an adjective can appear in position A1, it 
can also appear in position A2 (with the specific positions being determined by possibly universal 
adjective ordering constraints [6]). 
 This conception of recursion as productivity enables us to apply learning models such as 
the Tolerance/Sufficiency Principle [TSP;7]: a rule defined over N lexical items productively 
generalizes iff e≤N/lnN where e is the cardinality of the subset of items not attested under the rule. 
A crucial property of the TSP is that N pertains to the child learner’s vocabulary, which is about a 
few hundred words at age 2 [8,9]. Thus, the evidence for rule productivity must come from a small 
set of early words, which can be approximated by examining the distributional properties of the 
most frequent types (here: adjectives) in child-directed input.  
 For English, we focus on the 49 adjectives in the 550 words known to typical 3-year-olds 
[10]. We use a part-of-speech tagger to extract “A1A2N” sequences from a 5.5-million-word child-
directed English corpus. All 49 adjectives appear in either A1 or A2 position, of which only 3 fail to 
appear in both, trivially clearing the TSP threshold (49/ln49=13). A1 and A2 are fully substitutable: 
adjective stacking is productive and recursive. For German, we analyze five child-directed corpora 
(CHILDES, 3.5-million words). We focus on the 40 most frequent adjectives and extract all “A1A2N” 
sequences). 38 of the 40 adjectives appear in either A1 or A2 position, of which only 7 fail to appear 
in both, clearing the TSP threshold (38/ln38=10). We conclude that the productivity of English and 
German adjective stacking can be rapidly acquired on a distributional basis from Level 1 data. 
 Our approach lends itself to other NP-structures including recursive PP embedding [11]. 
This way of distributional learning predicts that a rule is either infinitely recursive or must stop at 
level one. The latter can be detected if an insufficient number of lexical items are structurally 
substitutable, as in German possessives (*Marias Nachbars Buch,‘Maria’s neighbour’s book’), 
hitherto an unresolved problem for the theory of recursion and its acquisition [2], but cf. [13]. We 
leave open whether placement preferences [6] are also acquired by probabilistic learning models 
[12] or whether they are hard-wired. 
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