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Note: The proposal is not concerned with other patterns with a probabilistic element:

e  Variability across word order options that involve a distinct set of expressed
features (comparison of Numerations that differ in content).!

e  Statistics on the likelihood of occurrence of particular items in a Numeration.

1. Goals

The big question: How should formal syntactic theory model patterns where one set
of features/relations corresponds with more than one grammatical word order, with
probabilistic variation?

Two strongly opposed views, historically (labels are my own):

e PRINCIPLES WITHOUT PROBABILITY: Variable patterns are outside the purview of
formal theories, composed uniquely of categorical principles (Newmeyer 2003).

o Assuming that movement-triggering features apply categorically, optional
movements must arise from operations in a postsyntactic module (Titov 2020).

e PROBABILITY WITHOUT PRINCIPLES: Unit and collocation frequencies form the basis
of mental representations, and formal categories are not mentally represented
(Bybee and Hopper 2001).

Central claim: Formal grammars consist of PRINCIPLES AND PROBABILITIES.

Patterns in which a set of input features (i.e. one Numeration) has >1 variable
output orders can be modeled by a mental representation of syntax that includes:

e Formal categories and principles that delimit possible representations

e Probability distributions over possible outputs, determined by language-

specific weighting of violable constraints (Goldwater and Johnson 2003)

I illustrate the approach with an analysis of word order variability in Cherokee
(Iroquoian: Oklahoma and North Carolina).

* 1 am grateful to Ben Frey for introducing me to the Cherokee language, audiences at a UNC
Linguistics Friday Colloquium, and the Syntax and Morphology Reading Group at UNC.

! For example, the alternation between English prenominal vs. postnominal possessors (¢he
house’s roof vs. the roof of the house); only the former requires definiteness of the full DP.

2 Abbreviations: A/B: set A/B class prefixes, AG: agentive, AN: animate, CN: conjunction, CS:
concessive, DST: distributive, DT: delimiter, EXCL: exclusive person, EXP: experienced past, HAB:

2. Variability and cumulativity in Cherokee clausal word order

Cherokee allows a high degree of optionality in the placement of non-pronominal
arguments (hence, NPs) relative to verbs.

e  All ordering permutations of agent NPs, theme NPs, and verbs are grammatical.
Representative examples here from Feeling et al. (2017: 101, 43, 129, 35).2

(1) a. ¥ &HYoOULGO’R c. D& HhVJIe0A
gitli  ogi-sdawadvs-v am  ji-todis-g-o
dog  1.pL.EXCL-follow-EXP water 1A-heat.water-PROG-HAB
‘The dog followed us.’[4g.>V] ‘I heat water’ [Th.>V]

b. DOLGOSLPEDA B®O dOcod d. O°c0SO~ $GHOJA
a-n-adasdelis-g-o yvwi  j-u-n-asdi u-sdu-hnv  galohisdi?i
3A-PL-help-PROG-HAB people DST-3-PL-little 3B-close-EXP door
‘The little people help (others)’ [V>A4g.] ‘(he) closed the door.” [V>Th.]

Corpus study of Hsu and Frey (2024): some aspects of clausal word order are (near)
categorically predictable. Others are predictable, but probabilistically.

Two types of items occur uniformly clause-initially, before all other constituents.
e CONTRAST bearing expressions®

(2) a. Context: The narrator is driving and sees two men walking on the road.

b. BZ YW@ TBL kAPC ..
sagwu=hno kila=gwu iyvda  jiy-olij-v ...
one=CN immediately=DT time 1.8G.SUBJ/3.AN.OBJ-recognize-EXP
‘One of them, I recognized immediately ...’

habitual aspect, IRR: irrealis, LOC: locative, NEG: negation, PO: potential, PL: plural, POSS:
possession, PROG: progressive aspect, REL: relative, REPP: reported past.

3 Defined as expressions whose referent(s) belong to a contextually relevant set, evoked to the
exclusion of those alternatives (Vallduvi & Vilkuna 1998; Molnar 2002; Neeleman et al.
2007). Hsu and Frey use this tag only when the set is explicitly mentioned previously.



c. COPARTOYR C HEALPTT.
u-n-aligos-v?i=sgini  hla  yi-jiy-olije?i.
3-PL-be.partner-EXP=CS NEG = NONF-1.5G.SUBJ/3.AN.OBJ-recognize
‘But his partner, I did not recognize.” (Feeling et al. 2017: 35)

e  FRAME-SETTING expressions denoting the delimiting time or location of an event.

(3) RZ» DCTPR OrAT'4 o O°6°t0- JPET
svnoyi  ahli?ilisv u-yohus-e  na utvsohnv j-u-dlv-g-v?i.
midnight time 3-die-REPP  that old.man REL-3-sick-PROG-EXP
‘The old man who had been sick died that night.” (Feeling et al. 2017: 26)

(4) FOS Eb Oi R?P DSBPF
ge=hnv  oks-i na?ve-h-e a-gayvlige
there=CN o0aks-LOC near 3A-live-REPP 3A-old.woman
‘Near the town of Oaks lived an old woman ...’

O’ Pc0Sc06> dVTL

ulsgasd j-u-do?id-a

Ulsgasd REL-3B-name-TAV

*“...named Ulsgasd’ (Feeling et al. 2017: 78)

e The Hsu & Frey corpus has no clauses with both a contrasted expression and a
frame-setter, so their relative order is indeterminate.

Placement of non-contrasted argument NPs is variable. Generally, argument NPs can
occur in either a preverbal or postverbal position.

For convenience, I refer to the two Contrasted XP

relevant domains of the clause as CP {Framesetting XP} ~ gXP) > Verb> (XP)'
and TP, remaining agnostic about !

their precise labeling. “Cp” “TP”

Placement of NPs in TP is probabilistically determined by two properties
(quantitative data in this section from corpus in Hsu & Frey 2024):

REFERENTIAL ACCESSIBILITY a.k.a. "givenness" (Kuno 1972; Haviland and Clark 1974;
Chafe 1976; E. F. Prince 1981):

e  New: Mentioned for the first time in the discourse at hand.

o Greatest preference for preverbal placement

4Hsu & Frey (2024) find preliminary evidence for similar effects of thematic prominence for
verbs of perception; experiencers show similar placement preferences to agents, stimuli show

e Given: Referent has been 100
explicitly mentioned in the E preverbal
same narrative. 80 postverbal
o  Weakest preference for é 60
preverbal placement 2
o
e Accessible: Referent not g 40
previously evoked, but &
inferrrable from
relationship with a given
entity or general knowledge.
. = @ c
o Intermediate preference 2 2 2
for preverbal g
placement ©
New | Accessible | Given
Preverbal | 92 67 136
Postverbal | 22 25 95

THEMATIC ROLE (Jackendoff 1972; Gruber 1976; Perlmutter 1978):4

e Agent: Entities that initiate or cause 100 —
the event denoted by the predicate. = preverbal
B postverbal
80
o  Greater preference for preverbal
placement é 60
o Theme: Entities that undergo a %
process, change of state, change of § 407

location, or continuation of state.

N .
placement 0 -

o  Weaker preference for preverbal

gz
This effect cannot be reduced to a ® £
j j try:
subject/object asymmetry Agent | Theme
e Preferred placement of NPs is preverbal 64 156
insensitive to the number of postverbal 18 88

arguments of the verb. Theme NPs of

similar placement as themes. However, the distinction does not reach statistical significance in
their regression model.
2



transitive verbs show the same ordering tendencies as NP theme arguments of
unaccusative verbs (Hsu & Frey 2024).

The regression model in Hsu & Frey (2024) finds referential accessibility and thematic
role to be independent factors in determining NP placement.

The cumulative nature of these factors is seen in the cross pair table below:

*  Agents occur earlier than themes (left vs. right column)
*  New information occurs earlier than old information (top vs. bottom row).?

NP is an agent NP is a theme

NP is new 94% preverbal (15/16) | 75% preverbal (43/57)
NP is accessible | T7% preverbal (10/13) | 70% preverbal (28/40)

68% preverbal (36/53) | 51% preverbal (56/109)

NP is given

This variability cannot be attributed to categorical effects of other potential factors:

e NP animacy, NP phonologial length, speaker identity (Hsu & Frey 2024)
e  Overt verbal agreement with the NP (Humphreys & Hsu, to appear)
e Topicalization or focus (see Appendix)

Can postverbal NPs be analyzed as afterthoughts or parenthetical expressions, weakly
integrated with the clause? Not generally.

e  Postverbal NPs can introduce new entities to the discourse; the referent of verb’s
argument may be unrecoverable, absent the NP (ex. the agent of fell in (5))

(5) a. FRSS EFR QZPc0A
e-dudu ji-ges-v ka-nohes-g-o.
1.pos-grandfather REL-be-EXP 3A-tell-PROG-HAB
‘My grandfather tells me a story.’

b. icO¥YZ 07440 O Pb EFR.
vsgi=hno u-n-ohed-a [u-lisi ji-ges-v]
that=CN  3B-PL-tell-TAV ~ 3B-grandmother REL-be-EXP
‘His grandmother told it to him.” (Feeling et al. 2017: 51)

In summary: Argument NP placement is probabilistically variable, while holding
constant the formal content of the numeration.

5 The pattern suggests that a tendency for discourse-given NPs and (subject-like) thematically
prominent NPs to occur in similar positions (Du Bois 1987) does not hold in all languages.

3. Agreement and movement

I assume that syntactic representations contain information-structural features (Rizzi
1997; Miyagawa 2009; 2017; Ostrove 2018; Kratzer & Selkirk 2020; Mursell 2021).

Postverbal NP placement results from:

(6) aP
(1) Agreement between a lower preverbal NP P
and a head o (Miyagawa 2009), below C.! o
(i) NP Movement to a rightward specifier of aP. a/\TP
- . o uRefval
Similar analyses of givenness-sensitive rightward [ +0:val ] o~
movement: Diercks (2022), Bobaljik (2024). ' NP ... v
[Ref:val
0:val

The proposed agreements:

e NPs bear valued features corresponding to their thematic role (Lasnik 1995;
Boskovi¢ & Takahashi 1998; Hornstein 1998) and referential accessibility
(Kratzer & Selkirk 2020; Mursell 2021).

e  The head o contains [uRef: ] and [u0: ] probes, valued by Agree with an NP.6

o The likelihood of movement depends on the values obtained by each probe
(implementation in next section).

Advantages of a rightward movement analysis of postverbal NPs (versus preverbal
placement by leftward movement):

e Bobaljik (2024): Non-referential NPs are exempt from the referential
accessibility scale. Their near-categorical preverbal placement (Hsu & Frey
2024) arises because they remain in a default position.

e  Consistent with Kratzer and Selkirk's (2020) observation that [given] patterns
like an active feature in ways that [new] does not. The preference to move
correlates with the NP’s degree of givenness.

e Cherokee sentences are overwhelmingly either verb-final, or have one
postverbal XP (98% of the Hsu & Frey corpus). This restriction on postverbal
constituents arises if aP is the sole projection that permits rightward specifiers.

¢ While Kumaran (2022) argues that constraint interaction itself determines whether
Agreement occurs, I assume that the operation always occurs in Cherokee. Verbal agreement
morphology does not apparently interact with NP placement (Humphreys & Hsu to appear).

3



4. Violable constraints and gradient cumulativity

Probabilistic and cumulative patterns of movement triggering challenge the view that
the ability to trigger movement is inherent to heads or probes (Chomsky 1993).”

Such patterns are captured well in models of grammatical computation using
numerically weighted, violable constraints (Zuraw & Hayes 2017; Smith & Pater 2020)

Proposal: Probabilistic and cumulative movement patterns can be modeled in a
theory that integrates Minimalist representations with constraint-based
optimization, Harmonic Minimalism (Heck and Miiller 2003, 2013; Murphy
2017; Hsu 2021; Miiller et al. 2022)

Key properties of the proposed grammar:

e Syntactic structures are built derivationally from the bottom up (Chomsky 1993).
At each derivational step, the grammar examines the built structure, and compares
output candidates that apply different operations (Heck & Miiller 2013).8

e Constraint evaluation occurs in a Maximum Entropy Harmonic Grammar
(MaxEnt: Goldwater & Johnson 2003; Hayes & Wilson 2008).°

o Constraints have numerical weights (Harmonic Grammar; Legendre et al.
1990), rather than strict rankings (Prince & Smolensky 1993).

o Probabilities of output types are computed from their harmony scores. Less
well-formed candidates are not categorically banned, but less likely to surface.

The relevant constraints:

e All movement violates the ANTI-LOCALITY CONDITION constraint (Miiller 2019).

(7) ANTI-LOCALITY CONDITION: For all heads Y, *Y that c-commands o; of
dependency 6 and m-commands o.-1 of d.

7 An approach where the movement-triggering property applies obligatorily, but is optionally
present on some heads (Chomsky 2000), leaves no explanation for when it occurs (Titov
2020), nor why it would correlate with particuar feature values involved in agreement.

8 A question that arises is whether probabilistic outcomes are possible in intermediate
derivational steps. To the extent that probabilistic movement patterns in intermediate steps
appear to be restricted, they may be disfavored by conditions related to their ease of learning.

o Miiller (2019): The degree of violation depends on which which heads are
crossed. As all movements to Spec, aP cross the same maximal constituent
TP, I assume as a simplification that each movement incurs a single violation.

e Agreement that does not result in movement violates the FEATURE CONDITION
constraint (Heck and Miiller (2003):

(8) FEATURE CONDITION: For each probe [uF] that agrees with an XP with matching
[F], XP occurs in the specifier of the head that contains the probe.

We focus on the derivational step that occurs once o has been Merged, and both [u6: ]
and [uRef: ] have agreed with an NP.

e The grammar compares output candidates with movement of the NP (violating
ANTI-LOCALITY and those without (violating FEATURE CONDITION constraints)

(9) Basic violation profiles of relevant output candidates (ignoring feature values):

[ o [tp ... NP ... V] FEATURE FEATURE ANTI-
[aPcef:val [Ref:val CONDITION |CONDITION LOCALITY
#0:val 0:val (REF) (C)]
[aP [u' a [TP NP V] NP] -1
[ap @ [rp ...NP.. V] ] -1 -1

Additional disiderata:

e FEATURE CONDITION penalties must be sensitive to the feature values involved in
agreement, because they influence the probability of movement.

e  There is an implicational relation between degrees of discourse-accessibility and
the likelihood of postverbal placement (given > accessible > new).!°

Claim: FEATURE CONDITION violations are scaled according to the relative
prominence of feature values obtained via agreement.

® Probabilistic and cumulative patterns can be generated by other constraint-based systems,
including Noisy Harmonic Grammar (Boersma & Pater 2016) and Stochastic Optimality
Theory (Boersma 2008). I leave a detailed comparison of their predictions to later work.

10 For uses of constraint scaling in generative phonology, see Flemming (2001), Pater (2012),
Coetzee & Kawahara (2013), Hsu & Jesney 2016, among others. See Georgi (2017) for an
application of constraint scaling to cumulative prominence-scale effects in verbal agreement.



Each instance of agreement without movement incurs a FEATURE CONDITION penalty
of w+ (s x d), where:'!

w = the basic weight of the constraint

s = a constraint-specific scaling factor

d = a value along a prominence scale (0, 1, ...
in the Agree relation

n), determined by a feature value

I use the following prominence scales for each FEATURE CONDITION constraint:

d for FC(REF): [Ref: new]=0, [Ref:acc]=1,
d for FC(0): [6: agent] = [6: theme] =1

[Ref: given] =2

Sample calculation of penalties for FEATURE CONDITION (REF):

(10) weight: w =1
scale d: [Ref: new] = 0, [Ref: acc] = 1, [Ref: given] =2
scaling factor: s =2

Non-movement of new NP: w+snew)=1+2x0)=1
Non-movement of accessible NP: w+s(acc)=1+(2x1)=3
Non-movement of given NP: wHs(giv)=1+2x2)=5

A set of constraint weights that generates the attested pattern is identified using the
MaxEnt Grammar Tool learner (Wilson & George 2009).

e The learner is supplied with tableaux including (i) candidate output forms, (ii)
their violation profiles, and (iii) their frequencies, corresponding to the cross-pair
table in Section 2.

e  The tableaux show the learned weights (w), harmony scores (H), and predicted
probadbilities (P) that correspond to the feature combinations in the first row of
the cross-pair table in Section 2.

The 3 tableaux below illustrate the analysis for agent NPs of each referential
accessibility value, corresponding to the left column of the cross-pair table.

e Each tableau differs only in the total penalty of the FEATURE CONDITION(REF)
violation, determined by the scaling factor s=0.6

' This effect could also be modeled in Gradient Harmonic Grammar (Smolensky & Goldrick
2016) by positing that feature values influence the degree of activity of NPs (Lee & Miiller
2018; Miiller 2019; Miiller et al. 2022; Amato 2024), proportionally altering constraint
penalties. The main empirical difference between this approach and FEATURE CONDITION

(1 1) Clause with new-information agent NP

NP .. V] | FCRer) | FC(0)

uRef new Ref new w=1 w=1 AIZ H P
#H:agent O:agent 5s=0.6 5=0.73 W
[ep [0 o [rp ...NP ... V] NP] -1 -4 12
'lnew -1agent
[ep @ [rp ...NP.. V] ] 2 .88

=1+(.6X0) |=1+(.73%0)

(12) Clause with accessible agent NP

[« « [r..NP ..V] | FC(REF) | FC(6)

uRef:acc] Ref:acc] w=1 w=1 AIZ H P
#B:agent 0:agent 5s=0.6 s=0.73 W
[ep [0 o [rp ... NP ... V] NP] -1 -4 20
-lacc -1agent
[ep @ [rp ...NP.. V] ] -2.6 | .80

=1+(.6x1) |=1+(.73%0)

(13) Clause with given agent NP

[« o [r..NP ..V] | FCRer) | FC(@®)

uRef:giv] Ref:giv] W=l w=l | AL | e

#B:agent 0:agent 5s=0.6 s=0.73 W

[aP [u' a [TP NP V] NP] -1 -4 31
[ [ ..NP.. V] ] “Laiv ~Lagent 32 | .69

=14H(.6x2) |=1+(.73%0)

The next tableaux below illustrate the analysis for theme NPs of each referential
accessibility value, corresponding to the right column of the cross-pair table.

e They differ from tableaux above only in having a greater scaled penalty of
FEATURE CONDITION (6).

scaling is that adjustments to the gradient activity of NPs is predicted to influence the violation
of all constraints that refer to them, beyond the relevant FEATURE CONDITION constraints. I do
not know of evidence for such a pattern in the language, but leave a detailed evaluation of the
two alternatives to future work.

5




(14) Clause with new-information theme NP

[0 a [w..NP .. V]| FCREr) [ FC®) | .,
[uRef:new [Ref:new w=1 =1 =i H P
#6:theme 0:theme 5s=0.6 s=0.73
[ep [0 o [rp ...NP ... V] NP] -1 -4 22
'lnew -ltheme
[ep @ [rp ...NP.. V] ] 273 | .78

=1+(.6x0) |=1+(.73x1)

Word order can depend on cumulative interactions of >1 syntactic property, in
probabilistic (Ellsiepen & Bader 2018) and categorical (Murphy 2018) patterns.

While variable phrasal movements are often triggered by an information-structural
feature, non-information-structural features can probabilistically trigger movement
(ex. phi-feature agreement: Cable 2012, thematic role: this paper).

(15) Clause with accessible theme NP

[0 a [w.. NP . V]| FCREr) [ FC@®) | .,
[uRef:acc] [Ref:acc] w=1 w=1 =i H P
#0:theme 0:theme 5s=0.6 s=0.73
[aP [u' a [TP NP V] NP] -1 -4 34
-lacc -ltheme
[ep @ [rp ...NP.. V] ] -3.33 | .55

=1+(.6x1) |=1+(.73x1)

(16) Clause with given theme NP

[@ o [r..NP .. V]| FCREr) | FCO) |
[%Ref:giv] [Ref:giv] w=1 w=1 =4 H P
#6:theme 0:theme 5s=0.6 s=0.73
[ep [ o [rp ... NP ... V] NP] -1 -4 48
'lgiv -1 theme
[ep @ [rp ...NP.. V] ] -3.93 | .52

=1+(.6x2) |=1+(.73x1)

5. Conclusion

The adoption of a probabilistic, constraint-based calculation of optimality expands
the predictive and explanatory power of generative Minimalism, in a restrictive way:

e Candidate spaces are delimited by the set of syntactic operations. The constraint
inventory consists of grounded well-formedness restrictions on structure.

e [t preserves the insight of Minimalism that movement is feature-driven, while
predicting that these movements may apply probabilistically.

The assumption that different syntactic structures or linear orders necessarily express
distinct meanings (Newmeyer 2003: 697) does not always hold (see Schoenmakers et
al. 2021 for a similar conclusion for Dutch object scrambling).
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Appendix: Topic and Focus

Is variability in argument NP due to categorical effects of focus or topic?



Hsu & Frey’s (2024) quantitative analysis does not investigate these properties,
due the difficulty of reliably annotating them in a corpus.

Is there a categorical word-order effect of focus? Probably not.

The corpus consists only of narratives, each produced by a single speaker.

The vast majority of sentences occur in a broad focus context (answering the
implicit question “what happened next?”). I have not found sentences with a clear
partition of presupposed versus focused domains.

Is there a categorical word-order effect of topichood? Probably not.

Some corpus examples with a fairly clear topic NP: The referent of an NP in one
clause is a pro-dropped argument in one or more immediately following clauses.

Some continuing topics (the topic NP is an argument of the preceding clause)
and shifted topics (the topic NP is not an argument of the preceding clause) can
be identified (Frascarelli and Hinterholzl 2007).

o  Continuing topics almost always realized as pronominal prefixes only.

Both types of topics can be either postverbal or preverbal. Topichood is not a
categorical word order predictor, though it may have probabilistic effects.

(17) Preverbal shifted topic in (b), preverbal continuing topic in (d)

Context: The narrator, his family, and their dog have been at a neighbor’s house.
They have been preparing to leave the house.

a. RVLU DJd Rhk HSPAR 7
e-doda ale e-ji og-aligoh-i nogwu
1.poss-father and 1.pOSS-mother 1.PL.EXCL-be.together-NOM now

KYAAG

j-ogi-nugoj-a,
REL-1.PL.EXCL-come.out-TAV

‘As my father, my mother, and I came out,’

b. © OOJF YC HYOL Sd 0~
Na  u-wodige gitli ogi-kah-v d-u-len-v.
that 3B-brown dog 1.PL.EXCL-have.ANI.OBJ-EXP DST-3B-get.up-EXP
‘the brown dog of ours got up.’

c. Vb JP DALLL  SOET
doyi dilv ayodatlahv ga-nvg-v?i
outside  toward porch 3A-lie-PROG-EXP

‘He was lying outside on the porch.’

d. ico¥Z YC SHFWGR
vsgi=no gitli ok-eladvs-v
that=CcN dog 1.PL.EXCL-follow-EXP
“That dog followed us ...’
qU0-~AR KFO-R TGLO-AL
nudanvhisv  j-og-envsv iyuda?ehida

distance DST-1.PL.EXCL-home as.far.as
‘all the way home.” (Feeling et al. 2017: 102)

(18) Postverbal shifted topic in (b)

Context: Two men are paddling a canoe, and the men have just seen that a bull
has swum underneath them.

a. SCILJAJd kG b. ShETZ DhéOS§
d-u-hlihgwadinel-e  jiyu. d-u-ni-gvj-e=hno a-ni-sgaya.
PL-3B-turn.over-REPP canoe. DST-3B-PL-fall.in-REPP=CN 3A-PL-man.
‘The canoe turned over.’ ‘The men fell in the water’

c. 42 O6GT0-4 SOLI4
sehno u-n-ayu?invs-e d-u-n-altis-e
but  3B-PL-swim-REPP  DST-3B-PL-run-REPP
‘But they swam. They ran away ...” (Feeling et al. 2017: 111)

(19) Postverbal continuing topic in (d)

a. DOhPcOF yC
a-n-anhdlvs-g-e gitli
3-pL-lie.down-PROG-REPP  dog

“They would lie down for a while.’

b. ZWd DJ/IM&6DA GA&L
Nogwu=le a-n-ehluhvs-g-o j-a-dih-v
Then=PO 3-pl-bark-PROG-HAB REL-3-say-EXP

‘And then they would bark, she said.’

c. DOJIMYsOA SPKS
a-n-anelugis-g-o galjode
3-PL-run.after-PROG-HAB house
‘They would chase it around the house.’

d. 9hS&Dc0JP yC
w-u-ni-deysddih-e gitli
TR-3-PL-run.around-REPP  dog

‘The dogs would run around.’ (Feeling et al. 2017: 81)



