
Dr. Diego Gabriel Krivochen works at the University of Reading on artificial grammars, as part of a 
group led by Prof. Douglas Saddy. We chatted to him about how they are currently used and how 
their future development could revolutionise diagnosis of speech and language impairments. 

1.      What is an artificial grammar system? 

Well, in the simplest sense it is just a set of symbols and rules that tell you what to do with those 
symbols. For instance, imagine we have a very simple set of symbols (what we call an ‘alphabet’), 
just [0] and [1]. And we have two rules: 0  1 and 1  0 1. What does this mean? It tells you that if 
you are reading a line and find a [0], replace it with a [1]; if you find a [1], replace it with [0 1]. We 
can diagram it as follows: 

0 
1 

01 
101 

01101 
10101101 

0110110101101 
… 

This particular grammar is called the Fibonacci grammar, because if you count the number of [1]s, 
[0]s, and total symbols in each line you’ll get the Fibonacci sequence {1, 1, 2, 3, 5, 8, 13…}. Of 
course, they don’t need to be [1]s and [0]s, they can be anything and there can be any number of 
distinct symbols and rules. But there are good reasons to stick to the simplest case.  

2.       How could artificial grammar systems help practitioners identify speech and language 
impairments? 

The cool thing about a grammar as simple as the one I have sketched above is that if you look at it 
closely it has some amazing structural properties. It looks nothing like natural language -and that’s 
good-, but it actually has some common features with natural language grammars: there are 
hierarchical relations and ‘constituents’, just like you would find in an English sentence. When you 
were told at school that sentences have a subject and a predicate (roughly speaking), that is actually a 
rule of the kind we saw above: 

1) Sentence  Subject + Predicate (e.g., [MarySUBJECT] [writes papersPREDICATE]) 

If the predicate contains a transitive verb, it will have an object; we can add that rule to our grammar 

2) Predicate  Verb + Object (e.g., [MarySUBJECT] [writesVERB papersOBJECT]) 

And so on. Now, in spoken natural language, being able to interpret a sentence (which comes to us as 
sound) relies on a combination of factors: it’s of course necessary to identify constituents like 
subjects, objects, etc. But there’s also prosody and intonation helping out in the task of segmenting the 
input (recognising words and phrases from what is essentially a continuous sound signal)… plus, one 
we have segmented the sound signal into recognisable chunks, we know the meaning of individual 
words, and how these combine to yield the meaning of the whole sentence (even if sometimes 
sentence meaning is not directly related to the meaning of individual words! Think about something 
like ‘John kicked the bucket’ to mean ‘John died’… is there really any bucket being kicked there?). 
We also do all sorts of things with natural language which rely on our ability to build structural 
representations and relate them to meanings, for example: 

3) Which violins are these sonatas easy to play on? 



Note that [which violins] is ‘understood’ in the complement position of the preposition [on]; 
furthermore, [these sonatas] is the direct object of the verb [play]. So, roughly, that question is related 
to a sentence like: 

4) It is easy to play these sonatas on those violins 

However, precisely because there are many factors involved in natural language comprehension at all 
times, it can be difficult to isolate aspects of sensitivity to structure alone. Another problem, from the 
point of view of developing tools for identifying language disorders is that if language-specific tests 
and measures are used, their applicability to multilingual populations is, shall we say, complicated. It 
is often the case that multilingual children appear to be language delayed compared to monolingual 
counterparts, on the other hand sometimes multilingual children do have language disorders. Thus 
there is a double jeopardy: a healthy child may be incorrectly diagnosed and sent for treatment and a 
child with a developmental condition may be overlooked. Falsely labelling these children as having or 
not a cognitive disorder is both costly and detrimental to the child’s development. We want to avoid 
that at all costs. This is where artificial grammars become crucial: they do not rely on aspects of 
specific natural languages (they don’t tap into your knowledge of English sentence structure 
specifically, or English words, etc.) but rather they allow us to probe into the underlying properties of 
cognition that allow people to not only recognise distinct artificial grammars that look similar 
superficially but have vastly different structural properties, but also learn regularities of varying 
degrees of abstraction in a sequence obtained by means of an artificial grammar like the Fibonacci 
grammar.  

3.       What research projects have you been involved in that have used them? 

As part of the EU-funded AThEME project, we worked with the University of Verona (a team led by 
Prof. Denis Delfitto) in a series of experiments which aimed at determining just how complex tasks 
involving language (natural or artificial) can get before impairments hinder performance. As far as 
artificial grammars go, we created a task in which [1]s and [0]s were converted into blue and red dots 
that appear on a computer screen sequentially, and the participant is asked to press a button 
corresponding to whether the circle they see is red or blue. So far, so good. However, in the sequence 
of red and blue dots are hidden several layers of regularities, some of which are only accessible if 
participants have some sort of representation of the structure underlying the sequence:  

 A red is always followed by a blue  

 Two blues are always followed by a red 

 A single blue can be followed by either a red or a blue  

 

The third case is ambiguous if you are looking symbol by symbol (what we call a ‘low-level’ 
process), but not if the participant has created an abstract representation of the sequence involving 
hierarchical structure and constituency (a ‘high-level’ process). If the participant is learning as they 
carry out the task they will get increasingly better (faster and more accurate) as they implicitly learn 
the structure ruling these hidden regularities. 

The research with Verona involved testing monolingual and bilingual children, with and without a 
diagnosis of developmental dyslexia. Results were fascinating, since bilingual dyslexics in fact 
performed as well as monolingual healthy children on all but the most complex conditions involving 
structural ambiguities. Monolingual dyslexics, however, consistently performed worse than both their 
bilingual counterparts and the healthy children: the were less accurate and in some cases also slower. 
This is remarkable, since we are probing into very basic aspects of people’s ability to segment a 
signal, categorise segments, and make hypotheses about the distribution of non-adjacent symbols or 
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even sequences of symbols: the same kind of operation that underlies the comprehension of sentences 
like (3) and (4) above. This task, alongside language specific tasks which have been carried out by 
researchers in Verona (involving production of clitic pronouns and plural morphology in invented 
nouns that resemble Italian words), are useful for determining the extent to which a child struggles 
with different aspects of linguistic competence which go beyond superficial properties of sequences of 
words or symbols.  

4.       What do you think the future holds for artificial grammar systems? 

Prospects are quite fascinating. We are currently working with researchers in the University of 
Geneva to expand on the relation between superficial properties of a sequence and what can be 
learned from the surface about underlying hierarchical relations. Signal processing is a big topic in 
mathematical models of cognition as well as psycholinguistics and cognitive neuroscience, so we are 
at the convergence of some really hot controversies. We want to explore, for instance, how people 
react when a task like the one I described before is modified such that, say, the colour of the dots is 
controlled by a grammar and their position in the screen is controlled by another: how many distinct 
representations can a person create and hold on to? And, do superficial and underlying properties of 
the grammars used impact on this? If so, to what extent? We also want to combine modalities: visual 
and auditory tasks, as well as visual and auditory stimuli within a single task (again, using more than 
one grammar). We want to test the limits of structure sensitivity, in conditions which mimic 
configurations like what we would find in natural language grammars and in conditions that differ 
from those in their underlying properties. There is evidence already that people are sensitive to 
differences between superficially similar but underlyingly different artificial grammars, and this is an 
issue that requires further research. 

Special thanks to all the members of the team on this research: Doug Saddy and Beth Phillips in 
Reading; Maria Vender, Chiara Melloni, and Denis Delfitto in Verona.       


