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Åunderlying grammar framework: LFG

grammar rules f-structure input

+ ŷŹ

lexicon c-structure output
---------->

generate/parse

<-----------

----------->

Speakers choose a grammar with a certain probability

(grammar competition)

approach that I will take here
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ÅLanguage acquisition = Grammar competition between a population of N 

grammars G1-ndrawn from the òhypothesis spaceó Universal Grammar UG

ÅProbability distribution over those grammars: pi(Gi),  pj(Gj),  pk(Gk) ...

ÅAt first:  p(Gn) = 100% / N
ÅThen: if Grammari analyses a sentences successfully,  then:

if Grammari does not analyse a sentences successfully,  then:

ÅChildren can acquire multiple grammars with different probabilities 

(grammar competition)

pi = pi + ɾ(1 ɀpi)
pj = (1-ɾ)p j iÍj

pi = (1 ɀɾ)p i
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CHANGE:

penalty probability c = the probability of a Grammar to encounter a 

sentence that it cannot analyze

= the weight of a grammar p (q) times alpha(beta)

=Ŭp (for Gi) or ɓq (for Gj)

calculation of grammar weights põ (qõ) of the next generation:

Ŭp

põ= ----------------

(Ŭp + ɓq)

ɓq

qõ= ----------------

(ɓq + Ŭp)
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The fundamental theorem of language change

G2 overtakes G1 if ɓ> Ŭ

(Yang 2000: 239)
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conservative I-final structure: innovative I-initial structure:

IP IP

Spec Iõ ƵƷ Spec Iõ

VP I° I° VP
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Conservative G1: head-final IP,  verb (projection) raising, XP extraposition

Innovative G2: head-initial IP

Conservative G1: IôŸ VP    IÁ

IP Ÿ IP    VP
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that we for hardship      our origin not give-up
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G1 G2

p= x q = y

Ŭ
ɓ

(4) ða ða he acenned wæs

then when he born      was

ôwhen he was bornõ
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Introduction Variation as Probability Context-Dependency Conclusion

G1 G2

p= x q = y

Ŭ
ɓ

(4) ða ða he acenned wæs

then when he born      was

ôwhen he was bornõ

(cocathom1, ÆCHom_I,_15:305.172.2898)

a. [Cõ þa[IP[IP [DP he] [Iõ [VP acenned] [ I° wæs]]]

G1 žG2
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Example: headedness of IP

Introduction Variation as Probability Context-Dependency Conclusion

G1 G2

p= x q = y

Ŭ
ɓ

(5) butanhi sungonþonelofsangforð on

but    they sang the praise-song forth on

ôbut that they continued to sing the praiseõ

(coaelive, ÆLS_[Swithun]:230.4371)

G1 žG2



Example: headedness of IP

Introduction Variation as Probability Context-Dependency Conclusion

G1 G2

p= x q = y

Ŭ

(5) butanhi sungonþonelofsangforð on

but    they sang the praise-song forth on

ôbut that they continued to sing the praiseõ

(coaelive, ÆLS_[Swithun]:230.4371)

particles

pronouns

negative objects

negative adverbs

stranded preps.

ɓG1 žG2



Example: headedness of IP

Introduction Variation as Probability Context-Dependency Conclusion

G1 G2

p= x q = y

Ŭ

(5) butanhi sungonþonelofsangforð on

but    they sang the praise-song forth on

ôbut that they continued to sing the praiseõ

(coaelive, ÆLS_[Swithun]:230.4371)

a.  butan[Cõ Ø [IP [DP hi] [Iõsungon[VP þonelofsangforð on] ]]]

ɓG1 žG2
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G1 G2

p= x q = y

Ŭ
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Example: headedness of IP

Introduction Variation as Probability Context-Dependency Conclusion

G1 G2

p= x q = y

Ŭ
ɓ

(6) for ðanðe hit ne stod na ærþurh hit sylf.

for that that it  not stood not-at-all earlier by itself

because it didnõt stand by itself earlier at all.

(cocathom1, ÆCHom_I,_10:262.123.1914)

G1 žG2



Example: headedness of IP

Introduction Variation as Probability Context-Dependency Conclusion

G1 G2

p= x q = y

Ŭ
ɓ

(6) for ðanðe hit ne stod na ærþurh hit sylf.

for that that it  not stood not-at-all earlier by itself

because it never stood by itself earlier at all.

(cocathom1, ÆCHom_I,_10:262.123.1914)

a. [Cõ ðe [IP [DP hit] [Iõne stod [VP na ærþurh hit sylf] ]]]

G1 žG2
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Results:



Example: headedness of IP
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ßq G1žG2 Ŭp

early 1.12% 74.53% 24.35%

Wulfstan 0.93% 74.88% 24.18%

late 1.89% 80.13% 17.98%

Aelfric 2.13% 82.45% 15.43%

Results:
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100%

early Wulfstan late Aelfric

ßq

ɻžɼ
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The fundamental theorem of language change

G2 overtakes G1 if ɓ> Ŭ
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ÅCalculationof maximumweights of the two grammarsfrom observed

penaltyprobabilites:

early OE: ɓq=1.12% Ŭp=24.35%

q<4% p>96% 

ɓå0.3 Ŭå0.25

0.04 x 0.3=0.012 0.96 x 0.25 =0.24

ɓ> Ŭ



Example: headedness of IP

Introduction Variation as Probability Context-Dependency Conclusion

ÅCalculationof maximumweights of the two grammarsfrom observed

penaltyprobabilites:

early OE: ɓq=1.12% Ŭp=24.35%

q<4% p>96% 

ɓå0.3 Ŭå0.25

0.04 x 0.3=0.012 0.96 x 0.25 =0.24

ɓ> Ŭ

Ælfric:  ɓq=2.13% Ŭp=15.43%

q<12% p>88% 

ɓå0.177 Ŭå0.175

0.12 x 0.177=0.021 0.88 x 0.175 =0.154

ɓ> Ŭ
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ÅCalculationof maximumweights of the two grammarsfrom observed

penaltyprobabilites:

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

early Wulfstan late Aelfric

p

q



Example: headedness of IP

Introduction Variation as Probability Context-Dependency Conclusion

ÅUnderYangõstheory, the rate of I-initial subordinateclausesis very low.



Example: headedness of IP

Introduction Variation as Probability Context-Dependency Conclusion

ÅUnderYangõstheory, the rate of I-initial subordinateclausesis very low.

Åare there unambigouslyI-intial clausesnot identifiedyet?

Åarewe in factobservingthe earlystagesof a changein this context?
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Example: headedness of IP

Introduction Variation as Probability Context-Dependency Conclusion

ÅUnderYangõstheory, the rate of I-initial subordinateclausesis very low.

Åare there unambigouslyI-intial clausesnot identifiedyet?

Åarewe in factobservingthe earlystagesof a changein this context?

ÅYangõstheory allowsfor empiricaltestingandmakesmathematicallyrigid

predictionsfor grammarsof future generations

ÅMayshedsomelight on the emergenceof new syntacticrules
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Proposed Modifications

Introduction Variation as Probability Context-Dependency Conclusion

Åconceptof òtargetgrammarócanbe ignoredfor languagechange

ÅYangviewsalphaandbetaasconstants

Åidiosyncraticfeaturesof someauthors

Ålimited corpussize

ÅIt is not differentgrammarsthat are in competitionbut individualrulesof

the samegrammar



Proposed Modifications

Introduction Variation as Probability Context-Dependency Conclusion

From Grammars in competition to rules in competition:

Instead of G1 and G2:

Conservative G1: IôŸ VP    IÁ

IP Ÿ IP    VP

IP Ÿ IP    DP|PP|AP...

Innovative G2: Iô Ÿ IÁVP



Proposed Modifications

Introduction Variation as Probability Context-Dependency Conclusion

From Grammars in competition to rules in competition:

Set of grammatical rules in competition Rc:

Old English G: Rc={IôŸ VP  IÁ,    Iô Ÿ IÁVP}

IP Ÿ IP    VP

IP Ÿ IP    DP|PP|AP...
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Proposed Modifications

Introduction Variation as Probability Context-Dependency Conclusion

From Grammars in competition to rules in competition:

Advantages:

ÅYangõs mechanism of change can be directly retained.

weight: probability that speaker uses rule to analyze a sentence

or

speakerõs level of confidence that a rule is part of his/her   

grammar 



Proposed Modifications

Introduction Variation as Probability Context-Dependency Conclusion

From Grammars in competition to rules in competition:

Advantages:

ÅYangõs mechanism of change can be directly retained.

ÅSimplicity



Proposed Modifications

Introduction Variation as Probability Context-Dependency Conclusion

From Grammars in competition to rules in competition:

Advantages:

ÅYangõs mechanism of change can be directly retained.

ÅSimplicity

Yangõs example: 4 grammars which are

defined by 2 binary parameters,  wh-Movement 

and generalized V2

(1) [+wh] [+V2]

(2) [-wh] [+V2]

(3) [+vh] [ -V2]

(4) [-wh] [ -V2]

alternative: 4 grammar rules in pairs of two in 

competition

Rc1={+wh, -wh}

Rc2={+V2, -V2}



Proposed Modifications

Introduction Variation as Probability Context-Dependency Conclusion

From Grammars in competition to rules in competition:

Advantages:

ÅYangõs mechanism of change can be directly retained.

ÅSimplicity

Yang : 8grammars which are defined by 3 binary 

parameters,  wh-Movement, generalized V2, and a third 

parameter X

(1) [+wh] [+V2] [+X]   (5) [+wh] [+V2] [ -X] 

(2) [-wh] [+V2] [+X]    (6) [-wh] [+V2] [ -X]

(3) [+vh] [ -V2] [+X]     (7) [+vh] [ -V2] [-X]

(4) [-wh] [ -V2] [+X]     (8) [-wh] [ -V2] [-X]

alternative:  6 grammar rules in pairs of two in 

competition

Rc1={+wh, -wh}

Rc2={+V2, -V2}

Rc3={+X, -X}



Proposed Modifications

Introduction Variation as Probability Context-Dependency Conclusion

From Grammars in competition to rules in competition:

Advantages:

ÅYangõs mechanism of change can be directly retained.

ÅSimplicity

Yang : numberof grammars= 2 numberof binaryparameters

Alternative:  numberof rules= ɫvalues of parameters

(canalsohandlenon-binaryparameters)

e.g. 5 binaryparameters

Yang:  25 = 32 grammars

Alternative:  2+2+2+2+2 = 10 rules
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Proposed Modifications

Introduction Variation as Probability Context-Dependency Conclusion

From Grammars in competition to rules in competition:

Advantages:

ÅYangõs mechanism of change can be directly retained.

ÅSimplicity

ÅModelling interaction

ÅCapturing context dependency
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Conditional Functional Descriptions

Introduction Variationas Probability Context -Dependency Conclusion

Format of Phrase Structure Rules in LFG:

X Ÿ ɾ ɿ
X

ɔ ŭ



Conditional Functional Descriptions

Introduction Variationas Probability Context -Dependency Conclusion

Format of Phrase Structure Rules in LFG:

X Ÿ ɾ ɿ

left-hand side:

mothernode

any number of daughter 

nodes



Conditional Functional Constraints

Introduction Variationas Probability Context -Dependency Conclusion

Format of Phrase Structure Rules in LFG:

X Ÿ ɾ ɿ
(ŷGF)=Ź ŷ=Ź

(ŷFeat)=+

(ŹFeat)=abc

list of functional constraints, daughter nodes 

and in the lexicon, 0 (ŷƏŹ)or more, 

introduce information on mother (ŷ) or 

daughter node (Ź)



Conditional Functional Constraints
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Examples:

IP Ÿ DP               Iõ

(ŷSUBJ)=Ź ŷ=Ź



Conditional Functional Constraints
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Examples:

CP Ÿ AdvP Cõ

(ŷADJUNCT) 'Ź ŷƏŹ

(ŹTYPE)=c op



Conditional Functional Constraints

Introduction Variationas Probability Context -Dependency Conclusion

Examples:

IP Ÿ IP                    DP

ŷƏŹ (ŷOBJ)ƏŹ

(ŷOBJ (PHON.WEIGHT))=c heavy
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Conditional Functional Constraints

Introduction Variationas Probability Context -Dependency Conclusion

Functional constrains have òa ômake it soõ character: 

whatever f-structure elements are identified by an equation 

are made to exist in the f-structure model. The equations of 

the functional description define the model and so are 

called defining [functional ] constraints .ó 

(Bresnan 2001: 60)



Conditional Functional Constraints

Introduction Variationas Probability Context -Dependency Conclusion

context 1: context 2:
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Defining functional constraint:

X Ÿ ɾ p=1.0

(Źa)=v

òWhenever I need to re-write X as ɾI alsomakesure that (ɾa) = v. If I re-

write X as ɾ, but (ɾa) Í v, I judgethe expression as ungrammaticaló

òIõm 100% certain that this rule, including the functional constraint, is part of 

my grammaró



Conditional Functional Constraints

Introduction Variationas Probability Context -Dependency Conclusion

Defining functional constraint:

X Ÿ ɾ p=1.0

(Źa)=v

òWhenever I need to re-write X as ɾI alsomakesure that (ɾa) = v. If I re-

write X as ɾ, but (ɾa) Í v, I judgethe expression as ungrammaticaló

òIõm 100% certain that this rule, including the functional constraint, is part of 

my grammaró

A functional constraint (f a) = v holds iff f is a function from attributes to 

values, a is an attribute symbol, and the pair <a, v> is an element of f.

(Bresnan 2001: 49, 64)
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X Ÿ ɾ p=1.0

(Źa)=v         
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Defining functional constraint:

X Ÿ ɾ p=1.0

(Źa)=v         

Conditionalfunctionalconstraint(for rulesin competition):

X Ÿ ɾ p=x (x<1.0)

(ŷƏŹ)

if: (Źa)=v, p=p+pc

Rc=

Y Ÿ ɿ p=1-x

(ŷƏŹ)

if: (Źa)=v, p=p-pc



Conditional Functional Constraints

Introduction Variationas Probability Context -Dependency Conclusion

Defining functional constraint:

X Ÿ ɾ p=1.0

(Źa)=v         

Conditionalfunctionalconstraint(for rulesin competition):

X Ÿ ɾ p=x (x<1.0)

(ŷƏŹ)

if: (Źa)=v, p=p+pc

Rc=

Y Ÿ ɿ p=1-x

(ŷƏŹ)

if: (Źa)=v, p=p-pc

òIn x% of all cases when I access Rc, I re-write X as ɾ. However, I re-write X 

as ɾ pf% more/less frequently if (ɾa) = v.ó

òIõm x% certain that this rule is part of my grammar. But if a certain feature 

v=a is present, Iõm pf% more/less certain that it is.ó



Conditional Functional Constraints
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context 1: context 2:

if: (Źa)=v  TRUE if: (Źa)=v  FALSE 



Conditional Functional Constraints
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Conditionalfunctionalconstraint(for rulesin competition):

X Ÿ ɾ p=x (x<1.0)

(ŷƏŹ)

if: (Źa)=v, p=p+pc

Rc =

Y Ÿ ɿ p=1-x

(ŷƏŹ)

if: (Źa)=v, p=p-pc
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Example: V Ÿ C / NegV1

Introduction Variationas Probability Context -Dependency Conclusion

Toy Grammar of the left periphery of Old English, G1:

CP Ÿòwh-elementóCõ

CP Ÿòoperator adverbóCõ (e.g. þa, þonne, nu)      

CP Ÿòtopicó Cõ (Topic= {DP, AP, AdvP,PP, VP,...} ) 

CP Ÿ Cõ                                 (for V1 declaratives, yes/no questions)

Cõ Ÿ C° IP

Cõ Ÿ IP

IP Ÿòpronominal subjectó Iõ

Iõ Ÿ I° VP

Iõ Ÿ VP

VP Ÿ ...

C°ŸVHEAD (to model head adjunction of negation, particles)

I°ŸVHEAD

VHEAD Ÿ (NEG) VFIN



Example: V Ÿ C / NegV1

Introduction Variationas Probability Context -Dependency Conclusion

Toy Grammar of the left periphery of Old English, G1:

CP Ÿòwh-elementóCõ

CP Ÿòoperator adverbóCõ (e.g. þa, þonne, nu)      

CP Ÿòtopicó Cõ (Topic= {DP, AP, AdvP,PP, VP,...} ) 

CP Ÿ Cõ                                 (for V1 declaratives, yes/no questions)

Cõ Ÿ C° IP

Cõ Ÿ IP

IP Ÿòpronominal subjectó Iõ

Iõ Ÿ I° VP

Iõ Ÿ VP

VP Ÿ ...

C°ŸVHEAD (to model head adjunction of negation, particles)

I°ŸVHEAD

VHEAD Ÿ (NEG) VFIN

two rules in competition
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Conditionalfunctionalconstraint(for rulesin competition):

C° Ÿ VHEAD p= x (x<1.0)

(ŷƏŹ)

Rc =

I° Ÿ VHEAD p=1-x

(ŷƏŹ)
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Conditionalfunctionalconstraint(for rulesin competition):

C° Ÿ VHEAD p= x (x<1.0)

(ŷƏŹ)

Rc =

I° Ÿ VHEAD p=1-x

(ŷƏŹ)

Estimation of the weight of the two rules (p, q, where p+q=1):



Example: V Ÿ C / NegV1 
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Conditionalfunctionalconstraint(for rulesin competition):

C° Ÿ VHEAD p= x (x<1.0)

(ŷƏŹ)

Rc =

I° Ÿ VHEAD p=1-x

(ŷƏŹ)

Estimation of the weight of the two rules (p, q, where p+q=1):

ÅVfinðspro vs. sproðVfin

Åno initial constituent  in Spec,CP(adverb, wh-item, topic)

Å(preceding subordinate clauses, vocatives, interjections etc.)

Åonly main clauses, not conjoined main clauses

Åno negation 



Example: V Ÿ C / NegV1 

Introduction Variationas Probability Context -Dependency Conclusion

CP

Cõ

C° IP 

VHEAD DP Iõ

VFIN             heo VP

Frugnon DP

hine

(cobede,Bede_2:2.100.21.942)

ôThey asked himõ

CP

Cõ

IP

DP Iõ

þu I° VP

VHEAD DP

VFIN þa heofonan

sceawast

(coaelhom,ÆHom_1:280.145)

ôYou look at the heavensõ

(7) (8)
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Conditionalfunctionalconstraint(for rulesin competition):

C° Ÿ VHEAD p=x (x<1.0)

(ŷƏŹ)

Rc =

I° Ÿ VHEAD q=1-p

(ŷƏŹ)



Example: V Ÿ C / NegV1 
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Conditionalfunctionalconstraint(for rulesin competition):

C° Ÿ VHEAD p=x (x<1.0)

(ŷƏŹ)

Rc =

I° Ÿ VHEAD q=1-p

(ŷƏŹ)

p q=1-p

Bede 0.746031750.25396825

early OE 0.150715560.84928444

late OE 0.0821281 0.9178719

Aelfric 0.051067280.94893272

M1 0.056716420.94328358

M2 0.036846620.96315338

M3 0.030185760.96981424

M4 0.009880030.99011997

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Bede early 

OE

late OE Aelfric M1 M2 M3 M4

p

q
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Conditionalfunctionalconstraint(for rulesin competition):

X Ÿ ɾ p= x (x<1.0)

(ŷƏŹ)

if: (Źa)=v, p= p +pc

Rc =

Y Ÿ ɿ p=1-x

(ŷƏŹ)

if: (Źa)=v, p=p-pc



Conditional Functional Constraints
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Conditionalfunctionalconstraint(for rulesin competition):

probabilitesfor Ælfric texts:

C° Ÿ VHEAD p= 0.051 (p<1.0)

(ŷƏŹ)

if: (ŹNEG)=+ p= 0.051 +pc

Rc =

I° Ÿ VHEAD q= 0.948
(ŷƏŹ)

if: (ŹNEG)=+ q= 0.948 -pc
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CP

Cõ

C° IP 

VHEAD DP Iõ

NEG          VFIN   þu VP

Ne geherst DP

(ŷNEG)=+

þasword framme

(coalcuin,Alc_[Warn_35]:435.331)

ôYou donõt hear that word from meõ

CP

Cõ

IP

DP Iõ

Hi I° VP

VHEAD DP

NEG        VFIN nangescead

n- -abbað

(ŷNEG)=+

(cocathom1, ÆCHom_I,_21:349.126.4210)

ôThey donõt have any differenceõ

(9) (10)



Example: V Ÿ C / NegV1 
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CP

Cõ

C° IP 

VHEAD DP Iõ

NEG          VFIN   þu VP

Ne geherst DP

(ŷNEG)=+

þasword framme

(coalcuin,Alc_[Warn_35]:435.331)

ôYou donõt hear that word from meõ

CP

Cõ

IP

DP Iõ

Hi I° VP

VHEAD DP

NEG        VFIN nangescead

n- -abbað

(ŷNEG)=+

(cocathom1, ÆCHom_I,_21:349.126.4210)

ôThey donõt have any differenceõ

PRED <...>

SUBJ 

...

NEG +

...

(9) (10)
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Conditionalfunctionalconstraint(for rulesin competition):

probabilitesfor Ælfric texts:

C° Ÿ VHEAD p= 0.051 (p<1.0)

(ŷƏŹ)

if: (ŹNEG)=+ p= 0.051 +pc

Rc =

I° Ÿ VHEAD q= 0.948
(ŷƏŹ)

if: (ŹNEG)=+ q= 0.948 -pc



Example: V Ÿ C / NegV1

Introduction Variationas Probability Context -Dependency Conclusion

Conditionalfunctionalconstraint(for rulesin competition):

probabilitesfor Ælfric texts:

C° Ÿ VHEAD p= 0.051 (p<1.0)

(ŷƏŹ)

if: (ŹNEG)=+ p= 0.051 +pc

Rc =

I° Ÿ VHEAD q= 0.948
(ŷƏŹ)

if: (ŹNEG)=+ q= 0.948 -pc

p+pc q-pc

Bede 0.916666670.08333333

early OE 0.886486490.11351351

late 0.885185190.11481481

Aelfric 0.799618320.20038168

M1 0.6302521 0.3697479

M2 0.098591550.90140845

M3 0.028776980.97122302

M4 0.009708740.99029126

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Bede early 

OE

late Aelfric M1 M2 M3 M4

p+pc

q-pc
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Conditionalfunctionalconstraint(for rulesin competition):

probabilitesfor Ælfric texts:

C° Ÿ VHEAD p= 0.051 (p<1.0)

(ŷƏŹ)

if: (ŹNEG)=+ p= 0.051 +pc

Rc =

I° Ÿ VHEAD q= 0.948
(ŷƏŹ)

if: (ŹNEG)=+ q= 0.948 -pc

pc = (p+pc) - p
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Conditionalfunctionalconstraint(for rulesin competition):

probabilitesfor Ælfric texts:
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(ŷƏŹ)
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Ÿ loss of head-adjoined negation ne

Ÿ if-function will never be true

Ÿ high frequency of NegV1 reduced to base probability of C°ŸV
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ME verse, from:

Ingham(2005)
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(11) oc Crist it ne uuolde.

but Christ it not wanted

ôbut Christ wouldnõt allow itõ

(CMPETERB,54.374)

(12) & swane don nohht alleþa þatt follἬhennrihhtwisnesse,

and so not do not all those who follow righteousness

ôand those who follow righeousnessdonõt do soõ

(CMORM,I,10.207)

vs.

(13) Tou schaltnot tempteGod,  þy Lorde.

you shall not tempt God your Lord

ôYou shall not tempt God, your Lordõ

(CMMIRK,83.2232)
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òThe increase in secondary negation appears to have precedes the decline 

in NegV1ó (Ingham2005: 195)
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The rise of secondary negation and loss of NegV1 are roughly inversely 

proportional, as predicted by the probabilistic model.




