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A Luigi,   
 perché l’intervento tra simili può anche aprire la strada. 

Buon “pro” gli faccia! 
 
 

1. Syntax in the brain: looking at autonomy and recursion  
 

The research on the biological foundations of language has seen a dramatic 
development since the turning of the century (Cappa 2011). In particular, the 
possibility to exploit neuroimaging techniques has offered interesting 
opportunities to deepen our understanding of the relationship between syntax and 
the brain. Two issues appear to be well-established: first, syntactic computation 
activates a dedicated network (Embick et al. 2000, Moro et al. 2001); second, the 
format of rules cannot be traced to arbitrary, cultural or conventional facts but it 
reflects the neuropsychological architecture  of the brain circuitry (Tettamanti et 
al. 2001, Musso et al. 2003, Tettamanti et al. 2008). 

In this squib we would like to address a specific issue that raises from these 
studies on a computational perspective. The core result of the last three 
experiments mentioned is that the theoretical distinction between recursive vs. 
non-recursive rules is reflected in the brain activity. More specifically, the activity 
of (a deep component of) Broca’s area within a more complex network including 
subcortical elements such as the left nucleus caudatus appears to be sensitive to 
this distinction as the BOLD signal is increased in this area only when the subjects 
increase their performance in manipulating recursive rules. A first immediate 
question regards behavioural data.  
 
 
2. Considering the stimuli from a complexity perspective 
 

Although there are subtle discrepancies when it comes to reaction times, there 
is surely complete convergence with respect to performance: all subjects rapidly 
acquire the same capability to manipulate both recursive and non-recursive rules. 
Notably, this fact already constitutes a puzzle, since the broad distinction between 
recursive vs. non-recursive rules already corresponds to a different degree of 
complexity. Just to put it in an approximate sense, one could simply observe that 
the amount of memory load required for recursive rules is minor than that 
required for non-recursive rules: if we assume that a rule can be expressed as a set 
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of (computational) states traversals, being the number of states to be explored 
somehow proportional to the memory required to perform a certain computation, 
it is easy to show that recursive rules use less memory since some state must be 
re-used more than once. 

Moreover, if one explores the non-recursive rules, a further puzzle emerges 
that has not been discussed so far. To explain it, we must preliminarily synthesize 
the typology of non-recursive rules employed. Basically, there were three distinct 
types: first, a specific word had to be inserted in the same specific position of any 
sentence; second, the two “edges” of a string had to match, for example the first 
and the last word of a sentence starting with an article and ending with a noun had 
to agree; third, the word order of a sentence had to be reversed. These three types 
of rules can be minimally generated by different automata/grammars.  
 
 
3. Recursion, complexity and ranking  

 
Let us assume that the complexity of a task can be measured in terms of resources 
(memory and time) used by a computation while attempting to complete that task.  
This definition of complexity of course requires a precise formalization of the 
computation in order to understand the amount of resources used by the task we 
want to analyze. Assuming, for instance, that the rules above are computed by a 
simple Push-Down Automaton (i. e. a “PDA”, a Finite State Automaton endowed 
with a Last In First Out memory buffer), we can observe that: 
 
 

1. rule (1) (insert a word wx at kth position) requires k+1 states;  

 
 

2. rule (2) (the first, w1, and the last element, wf, in the string should agree) 
requires 3 states; 

 
 
 
 
 
 

q0 q1 qf 
get_agr(w1) set agr(wf)

wi 

q0 q1 qk qf 
w1 wi add(wx) 

qi 

 wk 
wj 
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3. rule (3) (the string must be mirrored) requires both k+1 states and k slots 
in the memory buffer; 

 
 
The prediction is that (2) is simpler than (1), which is in turn simpler than (3) (that 
is the only rule that must use the memory buffer). 
If we assume that adding an extra state has a linear cost and that using an extra 
slot in the memory buffer has an exponential cost (cf. Gibson 1998), can’t help 
but realizing that this distinction does not (yet) give any difference in terms of 
brain activity nor behavioural measures. 
 
 
4. Complexity and the brain 
 
All in all, the scenario represented here raises at least two delicate questions that 
should be put on the agenda for those who study the biological foundations of 
language, and syntax in particular. The first one has just been addressed in the 
previous paragraph and amounts to recognizing that there are no significant 
behavioural different outcomes in achieving tasks when manipulating recursive 
vs. non-recursive rules tout court. The second one, on the other hand, raises a 
deep methodological issue: being able to measure the complexity of finite non-
recursive rules (§3) with simple computational models, we assume that also 
recursive grammatical rules could be represented, in computational terms, by 
using simple PDAs as baseline. This would allow us to provide a measurable (and 
comparable) complexity metric. Since all the sentences we can test are finite, it is 
logically impossible to test recursion directly: what we should aim at verifying, 
then, is whether the complexity reduction we expect with recursive rules is 
proportional to the behavioural/learning data. Since now we have a reliable brain 
signature of linguistic rules usage, we think we are ready to test when hierarchy 
and recursion are involved in a rather new way. 
  
 

q0 qk qf 

w1

wk…push(w1)

push(wk) 

pop(w1)

pop(wk)
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