
For Korean, new structure is added if 
motivated by a new word or to allow 
structural constraints to be satisfied. 
New structure is added in relation to 
the innermost unfilled PRED value.

In processing example (1) using the 
strategies and selection algorithm 
shown, there are two choice points. 

At coh-un ‘good-COMP’ the Add grand-
daughter strategy is used, whereas at 
bwass-tako ‘saw-QUOT’, Push down is 
used.

there is a unified formalism to represent multiple tiers and account for constraints that apply
between them.

2 The model

The model assumes the LFG architecture proposed by ?, associating lexical entries and tiers
of representation with elements of an ACT-R module as shown in Figure 1. It follows ? in
assuming that a full LFG analysis can be developed after each word is processed. It follows ?
in mapping grammatical functions directly to argument positions in s-structure.
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Figure 1: Associating the model with LFG architecture

3 Incorporating c-structure without building a representation

Building and retrieving a mental representation of c-structure is costly, but models of Korean
and English show that c-structure information can be captured in a representation of f-structure
if:

(i) lexical specifications and procedural knowledge constrain the ordering of attributes that
can receive new information; and

(ii) lexically-specified features TYPE and PRED.CAT are added to the representation

3.1 Korean

(1) mina-nun
Mina-DF

minho-ka
Minho-SBJ

coh-un
good-COMP

yenghwa-lul
film-OBJ

bwass-tako
saw-QUOT

sayngkakha-nta
think-PRES.PLAIN

“As for Mina, she thinks that Minho saw a good film.”

Linking LFG to tiered models of processing 
Stephen Jones, University of Oxford


stephen.jones@ling-phil.ox.ac.uk

Recent models [1,2] propose multiple simultaneous tiers of 
language processing. New information is encoded rapidly and 
passed on: the Now-or-Never bottleneck. A tiered model of 
LFG in the ACT-R cognitive environment [3] allows us to explore 
the role of grammar.     

References: [1] Christiansen, M.H. and Chater, N. (2016). The now-or-never bottleneck: 
a fundamental constraint on language. Behavioral and Brain Sciences, 39:1-19; [2] 
Kuperberg, G.R. and Jaeger, T.F. (2016). What do we mean by prediction in language? 
Language, Cognition and Neuroscience, 31(1):32-59; [3] Anderson, J.R. (2007) How can 
the human mind occur in the physical universe? Oxford: Oxford University Press.

Building and retrieving a mental representation of c-structure is 
costly, but models of Korean and English show that c-structure 
information can be captured in a representation of f-structure if:

• lexical specifications and procedural knowledge constrain the 

ordering of attributes that can receive new information;  

• features TYPE and PRED.CAT are available

The Now-or-Never bottleneck [1] requires 
that ambiguities are managed 
immediately, which may require a 
reanalysis of the structure later on.  
Empirically, some reanalyses are easier 
than others. In the model,

• the ends of GF paths are easier to 

change than intermediate links 

• sometimes GFs can be reassigned: 

does this support feature-based rather 
than atomic representation of GFs?  

there is a unified formalism to represent multiple tiers and account for constraints that apply
between them.

2 The model

The model assumes the LFG architecture proposed by Mycock and Lowe (2013), associating
lexical entries and tiers of representation with elements of an ACT-R module as shown in Figure
1. It follows Asudeh (2012) in assuming that a full LFG analysis can be developed after each
word is processed. It follows Findlay (2016) in mapping grammatical functions directly to
argument positions in s-structure.
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3 Incorporating c-structure without building a representation

Building and retrieving a mental representation of c-structure is costly, but models of Korean
and English show that c-structure information can be captured in a representation of f-structure
if:

(i) lexical specifications and procedural knowledge constrain the ordering of attributes that
can receive new information; and

(ii) lexically-specified features TYPE and PRED.CAT are added to the representation

3.1 Korean

Korean is a head-final language where grammatical function information is generally provided
lexically through particles1. The ordering of arguments and modifiers before a head is free, and
arguments may be omitted if they are clear from the context. However, if an argument or a

1Where no particles are provided, default SOV word order is inferred. If all previous arguments have been
lexically specified, the GF of the final argument may be inferred rather than explicitly provided by a particle (Kiaer,
2011)
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Figure 2: Korean: Algorithm for adding information from word to f-structure f
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modifier is expressed, its head must also be expressed. One constituent2 may be scrambled to
the front of the sentence and marked with the discourse particle -un/-nun (?).

The phrase structure rules for Korean in (1) are derived from ?, who use the notion of
types to account for morphosyntactic constraints on particles. There are three types: TYPE:NO,
TYPE:V-SIS, and TYPE:N-SIS.

(1) a. S !
� ⌃ 0

type:no
"=#

�����

X 0

type:v-sis
(" df) =#

V 0

type:no
"=#

✏

b. X 0

type:↵
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� X
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⌃ 0

type:x-sis
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X
0
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✏

From (1b), a phrase of arbitrary type X-SIS is constrained to be the right sister of a phrase
whose head is of category X. The rightmost phrase of a sentence is constrained to be TYPE:NO.
The type of a phrase and the category of its head can be included in f-structure as the features
TYPE and PRED.CAT respectively.

Because the head of a phrase provides the PRED value for its f-structure, and because Korean
is strictly head-final, the constraint derived from (1b) can be framed in terms of f-structure as
shown in (2), where $ represents the correspondence between a type and a category.

(2) f PRED.CAT $ f GF TYPE

In other words, if a word’s lexical entry includes TYPE = X-SIS, then the word can be a GF
in relation to an f-structure where f PRED.CAT = X. F-structure is built incrementally using one
of the strategies Complete, Add daughter, Add granddaugther, and Push down. The available
strategies are determined by comparing the category and type of the word to be added with
the PRED.CAT and TYPE values of the target f-structure that requires a PRED value, using the
algorithm shown in Figure 2.

3.1.1 Worked example

(3) mina-nun
Mina-DF

minho-ka
Minho-SBJ

coh-un
good-COMP

yenghwa-lul
film-OBJ

bwass-tako
saw-QUOT

sayngkakha-nta
think-PRES.PLAIN

“As for Mina, she thinks that Minho saw a good film.”

Start

The decision points shown in blue on the algorithm, and the strategies Complete, Add

daughter, and Add granddaughter, are completely determined by the contents of the lexical

entry and target f-structure. Table 1 shows the operation of these strategies.

2In exceptional circumstances two arguments to the same head may be fronted, with prosodic support (?)

For English each PRED.CAT value 
is associated with ordering 
constraints on adding daughter f-
structures, and GF may constrain 
the PRED.CAT value of the f-
structure assigned to them.

See handout for details and 
example. 

Table 3: Ordering constraints on filling f-structures
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The guests saw the cake was still being decorated

• CONTAIN relationships maintained

• OBJ > COMP reassignment no problem 

While the guests ate the cake was still being decorated

• CONTAIN relationships disrupted

5 Reanalysis

Empirically, some reanalyses are easier than others. In the model the ends of GF paths are

easier to change than intermediate links. Sometimes GFs can be reassigned during processing:

does this support feature-based rather than atomic representation of GFs?

This is illustrated by comparing the sentences in (5), taken from ? where no garden path is

observed for (5a), but a garden path is observed at was in (5b).

(5) a. The guests saw the cake was still being decorated.

b. While the guests ate the cake was still being decorated.

Under the model, reanalysis is required in both sentences to add the copula was, but this has

a different impact in the two cases. The reanalysis is presented below in Figures 3 and 4, where

the reanalysed grammatical functions before and after reanalysis are shown in a box , and text

in strikeout shows elements from the prior f-structure that no longer appear after reanalysis.

Figure 3 shows the reanalysis for (5a), where no garden path is observed. The f-structure

growth before and after reanalysis is non-monotonic,
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Figure 3: Reanalysis associated with no garden path at ‘The guests saw the cake was . . . ’

Figure 4 shows the reanalysis required under the model for example (5b).
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