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Linguistic FLT = applications of 
FLT to linguistics. 
Many of these applications look 
into the structure of acceptability 
intuitions, treating it as a window 
into human inductive biases.
By now, you mostly know what 
acceptability is. Here, we will 
concentrate on phonotactic 
acceptability.
We will look next at what an 
inductive bias is.
It is assumed to be a feature of 
human cognition, not of different 
language varieties.
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An inductive bias is the boundary between the learnable and the 
unlearnable. It depends on the species, the learning setting, and more.
To appreciate the fact that humans have inductive biases, consider…

…that pigeons can also 
learn, but not the same 
things as humans can—a 
different inductive bias!

It is very tempting 
to perceive this as 
just a difference in 
“intelligence”.

The analogy with 
cognitive biases 
might help us resist 
this temptation.
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Would you expect a child to acquire any L1 after you…
• make its word order alphabetical?
• place the stress of every 7th syllable of each sentence?

Why or why not? Is it…
• the long ordered list of items?
• the unusual interaction between syntax and phonology?
• the fact that counting to 7 is developmentally too late?
• something else?

What is the difference between inductive biases for L1 and 
universal grammar (UG)?
• Mentioning UG often implies that the inductive bias for L1 is 

domain-specific, not seen in motor learning or anywhere else.
• To non-generative linguists, mentioning UG will also often 

mentally invoke a specific theory of “what is in UG”.
• But sometimes (not very often) the two are synonyms.
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What is phonotactics?
Before 90s: permissible consonant clusters (initial, medial, final)
Today:   that, plus vowel (or consonant) harmony
If you do FLT: especially vowel (or consonant) harmony
Generally: language-specific notion of what sequences of 
   speech sounds are acceptable (can serve as words)

Examples
No word-initial ʊ.  (English)
No word-initial sp, st, sk.  (Spanish)
No word-final b, d, g.  (very common)
No rstr, except morpheme boundaries. (English, others)
a, o, u and æ, ø, y are both fine, (Finnish)
but not in the same word. 
æ and e are both fine,  (Latvian)
even in the same word, but not in this order.
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Fun facts about phonotactics
All actual words in any language are phonotactically acceptable. It 
takes a pseudo-word to reveal that there even is such a thing as 
phonotactics. To paraphrase hyperbolically, speakers of any 
language share strong feelings about words that do not exist.

Phonotactic acceptability intuitions emerge in children younger 
than 1 year of age; see Sundara et al. (2022) for a large meta-
analysis. This even includes harmony, such as Turkish back-front 
vowel harmony in infants aged 0;6–0;10 (Altan et al., 2016).

That said, we do not know why these intuitions are acquired at all, 
or what would go wrong without them—if anything. Consider this:
“A growing body of evidence demonstrates that we segment (Saffran et al., 
1996), respond [to] (Vitevitch et al., 1999), produce (Vitevitch et al., 2004), and 
remember (Majerus et al., 2004) speech in ways that are affected by different 
kinds of phonological frequency information” (Vaden et al., 2009).

It does not, however, follow from the above that phonotactic 
intuitions have a supporting role for any other aspect of language.
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Collect a set Aobs 
of observed 
acceptable 
words and 
pseudo-words. 
Collect its 
counterpart 
Uobs, too.

Propose a 
hypothesis for 
the pattern 
behind Aobs and 
Uobs. This will 
produce larger 
sets A and U.

You will now be 
working with just 
A and U.

Do not enforce 
an upper bound 
on the length of 
the words in A 
and U.

a(li)nma

alima
alilima
alililima
⋮

Bear in mind 
that under FLT, 
any two 
different 
phonemes will 
be regarded as 
100% distinct.

m a≠
u a≠

m a≠
u a≠



Linguistic FLT pipeline
Outline

Part I. Brief introduction to FLT

Setup
Where does linguistic FLT fit it?
Inductive biases
What is phonotactics?
Fun facts about phonotactics
Linguistic FLT pipeline
Strictly 2-local (SL2) languages
SL2 languages are limited
Regular languages
Some findings of linguistic FLT
The benefits of abstraction

Part II. A history of FLT’s relevance

Setup
Chomsky’s “Three models”
The long thread
Meanwhile, in linguistics
Meanwhile, in computer science
Meanwhile, in psychology
Some prospects
Afterword

Collect a set Aobs 
of observed 
acceptable 
words and 
pseudo-words. 
Collect its 
counterpart 
Uobs, too.

Propose a 
hypothesis for 
the pattern 
behind Aobs and 
Uobs. This will 
produce larger 
sets A and U.

You will now be 
working with just 
A and U.

Do not enforce 
an upper bound 
on the length of 
the words in A 
and U.

a(li)nma

alima
alilima
alililima
⋮

Bear in mind 
that under FLT, 
any two 
different 
phonemes will 
be regarded as 
100% distinct.

m a≠
u a≠

m a≠
u a≠



Linguistic FLT pipeline
Outline

Part I. Brief introduction to FLT

Setup
Where does linguistic FLT fit it?
Inductive biases
What is phonotactics?
Fun facts about phonotactics
Linguistic FLT pipeline
Strictly 2-local (SL2) languages
SL2 languages are limited
Regular languages
Some findings of linguistic FLT
The benefits of abstraction

Part II. A history of FLT’s relevance

Setup
Chomsky’s “Three models”
The long thread
Meanwhile, in linguistics
Meanwhile, in computer science
Meanwhile, in psychology
Some prospects
Afterword

Collect a set Aobs 
of observed 
acceptable 
words and 
pseudo-words. 
Collect its 
counterpart 
Uobs, too.

Propose a 
hypothesis for 
the pattern 
behind Aobs and 
Uobs. This will 
produce larger 
sets A and U.

You will now be 
working with just 
A and U.

Do not enforce 
an upper bound 
on the length of 
the words in A 
and U.

a(li)nma

alima
alilima
alililima
⋮

Bear in mind 
that under FLT, 
any two 
different 
phonemes will 
be regarded as 
100% distinct.

m a≠
u a≠

m a≠
u a≠



Linguistic FLT pipeline
Outline

Part I. Brief introduction to FLT

Setup
Where does linguistic FLT fit it?
Inductive biases
What is phonotactics?
Fun facts about phonotactics
Linguistic FLT pipeline
Strictly 2-local (SL2) languages
SL2 languages are limited
Regular languages
Some findings of linguistic FLT
The benefits of abstraction

Part II. A history of FLT’s relevance

Setup
Chomsky’s “Three models”
The long thread
Meanwhile, in linguistics
Meanwhile, in computer science
Meanwhile, in psychology
Some prospects
Afterword

Collect a set Aobs 
of observed 
acceptable 
words and 
pseudo-words. 
Collect its 
counterpart 
Uobs, too.

Propose a 
hypothesis for 
the pattern 
behind Aobs and 
Uobs. This will 
produce larger 
sets A and U.

You will now be 
working with just 
A and U.

Do not enforce 
an upper bound 
on the length of 
the words in A 
and U.

a(li)nma

alima
alilima
alililima
⋮

Bear in mind 
that under FLT, 
any two 
different 
phonemes will 
be regarded as 
100% distinct.

m a≠
u a≠

m a≠
u a≠



Linguistic FLT pipeline
Outline

Part I. Brief introduction to FLT

Setup
Where does linguistic FLT fit it?
Inductive biases
What is phonotactics?
Fun facts about phonotactics
Linguistic FLT pipeline
Strictly 2-local (SL2) languages
SL2 languages are limited
Regular languages
Some findings of linguistic FLT
The benefits of abstraction

Part II. A history of FLT’s relevance

Setup
Chomsky’s “Three models”
The long thread
Meanwhile, in linguistics
Meanwhile, in computer science
Meanwhile, in psychology
Some prospects
Afterword

Collect a set Aobs 
of observed 
acceptable 
words and 
pseudo-words. 
Collect its 
counterpart 
Uobs, too.

Propose a 
hypothesis for 
the pattern 
behind Aobs and 
Uobs. This will 
produce larger 
sets A and U.

You will now be 
working with just 
A and U.

Do not enforce 
an upper bound 
on the length of 
the words in A 
and U.

a(li)nma

alima
alilima
alililima
⋮

Bear in mind 
that under FLT, 
any two 
different 
phonemes will 
be regarded as 
100% distinct.

m a≠
u a≠

m a≠
u a≠



Linguistic FLT pipeline
Outline

Part I. Brief introduction to FLT

Setup
Where does linguistic FLT fit it?
Inductive biases
What is phonotactics?
Fun facts about phonotactics
Linguistic FLT pipeline
Strictly 2-local (SL2) languages
SL2 languages are limited
Regular languages
Some findings of linguistic FLT
The benefits of abstraction

Part II. A history of FLT’s relevance

Setup
Chomsky’s “Three models”
The long thread
Meanwhile, in linguistics
Meanwhile, in computer science
Meanwhile, in psychology
Some prospects
Afterword

Collect a set Aobs 
of observed 
acceptable 
words and 
pseudo-words. 
Collect its 
counterpart 
Uobs, too.

Propose a 
hypothesis for 
the pattern 
behind Aobs and 
Uobs. This will 
produce larger 
sets A and U.

You will now be 
working with just 
A and U.

Do not enforce 
an upper bound 
on the length of 
the words in A 
and U.

a(li)nma

alima
alilima
alililima
⋮

Bear in mind 
that under FLT, 
any two 
different 
phonemes will 
be regarded as 
100% distinct.

m a≠
u a≠

m a≠
u a≠



Linguistic FLT pipeline
Outline

Part I. Brief introduction to FLT

Setup
Where does linguistic FLT fit it?
Inductive biases
What is phonotactics?
Fun facts about phonotactics
Linguistic FLT pipeline
Strictly 2-local (SL2) languages
SL2 languages are limited
Regular languages
Some findings of linguistic FLT
The benefits of abstraction

Part II. A history of FLT’s relevance

Setup
Chomsky’s “Three models”
The long thread
Meanwhile, in linguistics
Meanwhile, in computer science
Meanwhile, in psychology
Some prospects
Afterword

Collect a set Aobs 
of observed 
acceptable 
words and 
pseudo-words. 
Collect its 
counterpart 
Uobs, too.

Propose a 
hypothesis for 
the pattern 
behind Aobs and 
Uobs. This will 
produce larger 
sets A and U.

You will now be 
working with just 
A and U.

Do not enforce 
an upper bound 
on the length of 
the words in A 
and U.

a(li)nma

alima
alilima
alililima
⋮

Bear in mind 
that under FLT, 
any two 
different 
phonemes will 
be regarded as 
100% distinct.

m a≠
u a≠

m a≠
u a≠



Linguistic FLT pipeline
Outline

Part I. Brief introduction to FLT

Setup
Where does linguistic FLT fit it?
Inductive biases
What is phonotactics?
Fun facts about phonotactics
Linguistic FLT pipeline
Strictly 2-local (SL2) languages
SL2 languages are limited
Regular languages
Some findings of linguistic FLT
The benefits of abstraction

Part II. A history of FLT’s relevance

Setup
Chomsky’s “Three models”
The long thread
Meanwhile, in linguistics
Meanwhile, in computer science
Meanwhile, in psychology
Some prospects
Afterword

Collect a set Aobs 
of observed 
acceptable 
words and 
pseudo-words. 
Collect its 
counterpart 
Uobs, too.

Propose a 
hypothesis for 
the pattern 
behind Aobs and 
Uobs. This will 
produce larger 
sets A and U.

You will now be 
working with just 
A and U.

Do not enforce 
an upper bound 
on the length of 
the words in A 
and U.

a(li)nma

alima
alilima
alililima
⋮

Bear in mind 
that under FLT, 
any two 
different 
phonemes will 
be regarded as 
100% distinct.

m a≠
u a≠

m a≠
u a≠

A, U, Aobs and Uobs are not just sets.
They are what we will call formal languages.

They come in various classes. 
Let’s take a look at one of them.
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A set of “dominoes” ↓ defines an 
SL2 language. Let’s use one to 
describe the phonotactics of an 
made-up language →.

Consonants: m, l
Vowels: a, i, u
Word template: CVCV⋯CV

lima
Is umu well-formed?
 alam

⋊ m

⋊ l

m a

a ⋉

m i

i ⋉m u u ⋉

l a

l i

l u

a m

a l

i m

i l

u m

u l
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There is no way of expressing harmony in SL2.
To convince yourself of that, try modifying the domino repertoire 
to disallow mixing i and u in the same word.
For instance, we should allow lima and mumalu, but not *limu or 
*mumali.

How do we build on SL2 to make it “smarter”?
• Put 3 phonemes on one domino, instead of 2 → SL3

• Apply a homomorphism (see next slide) → regular

a m
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u m
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By applying a letter-to-letter homomorphism to a SL2 language, 
we get a regular language.

This way, we obtain all the regular languages that exist. In fact, we 
can use it as a definition for the class of regular languages. This 
definition is due to Medvedev (1964).

Importantly, there are other ways that also achieve the same goal:

• regular expressions,
• finite-state automata,
• McCulloch-Pitts neural networks 

with loops.

Therefore, when any psychological 
reality is claimed for a class of formal 
languages, do not confuse it for a 
reality claim about the devices for 
defining the class.
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Phonotactics:

All phonotactics is regular 
(Kaplan & Kay, 1994).

All known harmony patterns, 
except a few, are multiple tier-
based SL2 (Aksënova et al., 2022).

Syntax:

Syntax is supra-regular 
(Chomsky, 1956).

Syntax is supra-context-free 
(Shieber, 1985).

SL2

regular

MTSL2

With FLT, it is common to try to fit some class of patterns into a 
well-defined class of formal languages. If necessary, one can 
define new classes of FLs. This is done with the hope of 
revealing an inductive bias.

context-free

SL2
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As you see, the empirical reach of linguistic FLT is severely limited. 
Besides (the structure of) acceptability, it can barely work on 
anything else.
Not only that, the acceptability data is depleted of much of its 
substance by the time it enters the FLT pipeline.
However, this is also an advantage.
FLT treats 
 L1 = {aba, abc} 
no differently than 
 L2 = {cats chase cats, cats chase dogs}.

It is one of the few methods that can meaningfully aim to compare
• phonological patterns to syntactic patterns, 
• sequential patterns in language to sequential patterns in music, 
• recognizable patterns in humans to recognizable patterns in 

birds, and possibly more.
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Besides (the structure of) acceptability, it can barely work on 
anything else.
Not only that, the acceptability data is depleted of much of its 
substance by the time it enters the FLT pipeline.
However, this is also an advantage.
FLT treats 
 L1 = {aba, abc} 
no differently than 
 L2 = {cats chase cats, cats chase dogs}.

It is one of the few methods that can meaningfully aim to compare
• phonological patterns to syntactic patterns, 
• sequential patterns in language to sequential patterns in music, 
• recognizable patterns in humans to recognizable patterns in 

birds, and possibly more.
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Linguistics and FLT have been interacting since Chomsky (1956).
That makes close to 70 years already.
What motivated the interaction in the beginning?
What motivates it now?
Apparently, it is not the same thing.
The driving force might even have changed more than once.
For someone starting out with a linguistic FLT thesis, this has been 
an important question.
This part of the presentation is an effort to answer it.
In a way, it is a literature review, but a very informal one.
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In Three models for the description of language (Chomsky, 1956), 
linguistics and FLT meet for the first time.
It is also one of the first publications by Chomsky. The generative 
enterprise (as we know it today) is not there yet.
The paper explores syntactic acceptability (grammaticality), 
attempting to fit it into three formal language classes:
 1   2  3
 regular ⊂ context-free ⊂ recursively enumerable
        (Peters & Ritchie, 1973)

However, this view is anachronistic. Actually, Chomsky discusses 
classes of defining devices, not of formal languages themselves:
 1′   2′  3′
 finite automata ⊂ phrase structure grammars ⊂ transformational grammars

Chomsky (1956) argues that 1′ is inadequate, and so is 2′, concluding 
that a more powerful device is necessary, such as 3′. 
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Three models (Chomsky, 1956) likely has multiple driving forces 
behind it, but paving the way for transformational grammars is 
arguably the clearest one.
The paper spawns a long thread of responses.
Firstly, Chomsky’s argument for the inadequacy of phrase structure 
grammars (2′) is seen as incomplete. Additionally, it does not imply 
the inadequacy of context-free languages (2). A long discussion 
unfolds in an effort to provide a better argument (cf. Postal, 1962; 
Zwicky, 1963; Huybregts, 1976; Shieber, 1985).
Secondly, the original version of transformational grammar (3′) is 
found to be too large a leap from 2 and 2′. The properties that make 
2 attractive for explaining learning and even parsing (Peters & 
Ritchie, 1973) are lost along the way. Therefore, a more restrictive 
extension of 2 is sought (cf. Joshi, 1985).
Patching up Three models seems to have kept linguistic FLT alive for 
a long time.
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Chomsky states the first “argument for the poverty of stimulus” in 
Aspects of the Theory of Syntax (Chomsky, 1965: 55‒56). The term itself 
is not there until Rules and Representations (Chomsky, 1980: 34).
Arguments for the poverty of stimulus argue for the necessity of a 
domain-specific inductive bias (Pullum & Scholz, 2002). The notion of 
Universal Grammar (UG) first shows up in this context.
The domain-specificity assumption for UG seems to weaken over time 
(cf. Hauser et al., 2002; Nowak et al., 2002).
After the turn of the millennium, FLT establishes a new productive 
relationship with phonology, especially phonotactics (cf. Hayes & 
Wilson, 2008; Heinz, 2007).
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Programming languages. Context-free languages, an original 
contribution of Chomsky to mathematical FLT, was eagerly taken up 
by people designing programming languages. ALGOL 58 was already 
using a context-free language to define the structure of all possible 
programs. Today, nearly all programming languages have an ALGOL-
like “syntax”, despite surface differences.
Language technology. Initially, Chomsky’s mathematical approach 
to linguistics, including FLT, was seen as holding promise for 
language technology. While some tools from FLT were commonplace 
in language technology until 2010s, they were rapidly displaced by 
artificial neural networks (ANNs) ever since. Completing the circle, 
FLT is now used to study the inductive bias of various ANNs.
Linguistics as a stakeholder. Following the “long thread” that 
unraveled from Three models, mathematical research in FLT 
continued as usual, but now, mathematicians would sometimes cite 
linguistics as a field that could benefit from their research.
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Implicit learning. In the 1960s, Arthur Reber develops the construct of 
“implicit learning”: learning that is robust, automatic, and opaque to 
introspection. Reber’s lab demonstrate it in many contexts (see 
Reber (1993) for a summary). Note how the properties defining 
implicit learning are also well-known features of L1 acquisition.
Artificial grammar learning (AGL). In the same decade, George Miller 
(1967) initiates Project Grammarama, which grows into the 
experimental design known as AGL. Miller investigates humans’ 
capacity to notice patterns in sequences of stimuli. Miller had co-
authored some FLT papers with Chomsky. Millerian AGL is essentially 
“experimental FLT”. Unfortunately, this bond between the research 
programs breaks when Miller himself retires from Project 
Grammarama. Further AGL work is largely uninformed by FLT (Fitch et 
al., 2012).
AGL and FLT meet again. The bond is renewed in the 2000s, when 
Fitch & Hauser (2004) conduct the first AGL experiment on cotton-top 
tamarin monkeys (Saguinus oedipus), which is also FLT-informed. 
Many animal AGL×FLT studies follow (ten Cate & Okanoya, 2012).
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Cross-domain comparison might finally give us an empirical answer 
to the question: how domain-specific is human linguistic cognition?
Also, should it turn out to be in the negative, linguistic cognition 
would become a valid proxy for many other things cognitive — and 
the scope of FLT would expand automatically.
The Super Linguistics research program (Patel-Grosz et al., 2023) is 
headed towards this direction.
Cross-species comparison might enrich our understanding of the 
evolution of language.
Large language models (LLMs), such as the GPTs, also have an 
inductive bias to be studied. Not only technologically useful, this 
effort is also similar to using animal models for indirectly studying 
human cognition.
The lack of a functional explanation for acceptability intuitions, 
revealed in a very pressing form, for instance, by Gil (2017), adds onto 
the relevance of any research related to acceptability, including 
linguistic FLT.
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The Super Linguistics research program (Patel-Grosz et al., 2023) is 
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evolution of language.
Large language models (LLMs), such as the GPTs, also have an 
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This was the closest that I ever got to doing a literature review. 
It is no wonder that many things came as a surprise to me. To you, 
they need not. I also suspect that many of these aspects also recur 
in the histories of some other long-standing scientific discussions.
• I focused on relevance, but relevance is not always declared in the 

papers. The relevance of the “long thread” of responses to 
Chomsky (1956) might have been largely unquestioned due to the 
very fact that they were responses to Chomsky (1956).

• It almost seems that without some first-person perspectives from 
then-active researchers, such a review will never be complete.

• Or, for most practical purposes, I could focus on the achievements 
instead, and ignore the shifts in relevance ☺.

• Apparently, in the 50s, there were some truly rapid and sweeping 
changes in the landscape of the sciences of the mind.

• Alternatively, perhaps psychology and neuroscience just move at a 
faster pace than linguistics, and they always have, for as long as 
all three have coexisted?
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