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Abstract

There is no single accepted model of the de-
pendency structure of coordination. Universal
Dependencies (UD, De Marneffe et al. 2021)
enforces in its corpora an asymmetrical model
privileging the coordination’s first conjunct as a
standard. Kanayama et al. (2018) criticize that
approach stating that this model is incompatible
with the grammatical structure of head-final lan-
guages. Recent research (Przepiórkowski and
Woźniak 2023, Przepiórkowski et al. 2024a)
provides a DLM-based argument for the sym-
metrical models of the dependency structure
of English coordination. This paper shows the
result of the analysis of coordinations found
in UD corpora of two head-final languages,
namely Korean and Turkish. Based on the anal-
ysis of coordinations and theoretical arguments,
an alternative approach to the dependency struc-
ture of coordination in head-final languages is
suggested.

1 Introduction

There is no single universally accepted approach
to the dependency structure of coordination.
Przepiórkowski and Woźniak (2023) (henceforth
PW23) enumerate four main models1:
(1) a. Conjunction-headed/Prague

⊙ □ □ □ , □ □ □ ⊡ □ □ □

b. Multi-headed/London

⊙ □ □ □ , □ □ □ ⊡ □ □ □

c. Bouquet/Stanford

⊙ □ □ □ , □ □ □ ⊡ □ □ □
1The following diagrams are based on those in the work of

PW23. The governor is marked by ⊙, the conjunction by ⊡,
and other tokens by □. Tokens belonging to the same conjunct
are grouped. The names of the approaches in (1a)–(1d) are
based on those in PW23. Apart from the approach shown in
(1b), they were originally named by Popel et al. (2013).

d. Chain/Moscow

⊙ □ □ □ , □ □ □ ⊡ □ □ □

PW23 show that the asymmetrical approaches
(1c)–(1d) cannot describe the English coordination
structure correctly. Their argument is based on De-
pendency Length Minimization (DLM) – an univer-
sal and well-documented tendency to order words
in sentences in a way so that long dependencies are
avoided. (Temperley 2007, Futrell et al. 2015).

PW23’s findings are replicated by subsequen-
tial studies including Przepiórkowski et al. (2024a)
(from now on PBG24). The latter indicate that the
London approach is probably the best description
of the English coordination structure.

However, these conclusions cannot be extended
for head-final languages such as Korean or Turkish.
Kanayama et al. (2018) suggest that the coordina-
tion in head-final languages (HFL) may be asym-
metrical. They propose a different approach taken
from the work of Choi and Palmer (2011)2:
(2) Right-headed/Inverted Moscow

⊙ □ □ □ , □ □ □ ⊡ □ □ □

This paper aims to show that the approach shown
in (2) might be the only one describing dependency
coordination structure in HFL correctly. Using the
methodology of PW23 and assuming the Depen-
dency Length Minimization, it is demonstrated that
using this approach the change in the tendency to
put shorter conjunct at the beginning of coordina-
tion can be predicted more accurately than when
using the other approaches.

2This approach assumes the head of the right conjunct to
be the technical head of coordination and that each token is
a dependent of the subsequent conjunct head. Those assump-
tions are inverted with respect to the Moscow approach. Note
that Choi and Palmer (2011) do not specify which token is the
governor of the conjunction. For reasons explained in §6.1 is
assumed that in this approach the conjunction is the dependent
of the head of its closest conjunct.
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2 Previous Work

PW23 examine the tendency to put the shorter con-
junct of the coordination as the first. They show
that, assuming DLM, each approach to the depen-
dency structure of coordination can predict the
change in this tendency as the absolute difference
of the conjunct length grows. Their study takes into
account only binary coordinations.

To summarize their method, let me present the
predictions of one dependency structure of coordi-
nation model, namely the Prague approach. They
compare the total dependency length in six cases:3

(3) Conjunction-headed/Prague

a. ⊙ □ □ □ ⊡ □ □ □ □ □ □

4
3 1

b. ⊙ □ □ □ □ □ □ ⊡ □ □ □

7
6 1

c. □ □ □ ⊡ □ □ □ □ □ □
3 1

d. □ □ □ □ □ □ ⊡ □ □ □
6 1

e. □ □ □ ⊡ □ □ □ □ □ □ ⊙
73 1

f. □ □ □ □ □ □ ⊡ □ □ □ ⊙
46 1

PW23 compare the total dependency length in
cases with the same governor position, i.e. (3a) vs
(3b), (3c) vs (3d) and (3e) vs (3f). E.g. the total
length of dependencies in (3a) is 4 + 3 + 1 = 8
tokens, and in (3b) it is 7+6+1 = 14 tokens, so the
absolute length difference is equal to |8− 14| = 6
tokens. In scheme (3) the difference of the conjunct
length is |3 − 6| = 3 tokens. This means that the
Prague approach assumes that when the governor
is on the left, the total dependency length is smaller
when the shorter conjunct is on the left (3a) than
when it is on the right (3b). With the growth of the
conjunct length difference, the total dependency
length difference also grows.

PW23 point out that out of each pair, the arrange-
ment with the smallest total dependency length is
the more probable the greater the difference be-
tween the conjuncts’ length is4. Therefore, because

3The governor can be in one of the three positions (left,
absent, right) and the shorter conjunct can be either the first
(left) or the last (right). Technically, coordinations with the
governor in the middle (between conjuncts) are possible but
they are too uncommon to be analyzed. Edge labels show the
length of the dependency measured in tokens.

4Note that the DLM is not the only factor taken onto ac-
count while ordering the conjuncts. There is a general tendency

of DLM, the greater the difference is, the more
coordinations are expected to have the shorter con-
junct on the left. This can be demonstrated as a
change in a function p∗(n), where n > 0 is the
absolute difference between the conjunct lengths
and ∗ ∈ {L,−, R} is the governor position.5 The
function value is the proportion of the coordina-
tions with the shorter conjunct on the left to all
coordinations with a given governor position.

PW23 show that each approach can predict the
direction of p∗(n) function slope by comparing the
total dependency length in pairs. Moreover, they
determine the true values of the proportions func-
tion by analyzing 21.8K English coordinations in
PennTree Bank. Table 1 summaries the predictions
of the direction of the p∗(n) tendencies in English.
The predictions are compared with the actual ten-
dencies found by PW23 and PBG24.

L − R

Prague + + 0
London + 0 −
Stanford + + +
Moscow + + +

PW23 + + 0
PBG24 + 0 −

Table 1: Predictions of the change of the p∗(n) tenden-
cies in English and the tendencies observed in previous
works.

PW23 argue that only the symmetric approaches
(namely the Prague and London models) predict
the changes in the proportions correctly. While the
predictions of the Prague approach match the ob-
served tendencies, there is a difference between the
actual changes in the proportions and the predic-
tions of the London approach. They state that this
difference can be explained by the DLM effect at
grammar. PW23 point out that coordinations with
the left governor are most frequent in English and
the pL(n) is positive. Therefore, a tendency to put
the shorter conjunct as the first has became a gen-

to put the shorter conjunct as the first one, which has multiple
explanations (Lohmann, 2014). However, PW23 explain that
the DLM is the only factor that depends on the governor posi-
tion an the conjunct length at the same time. They assume that
in the analysis of thousands of coordinations the influence of
the remaining factors even out.

5The possible governor positions shall be understood as
follow: L means the governor is on the left, R denotes a
governor on the right and − stands for a coordination with
no governor. The p∗(n) function is not defined explicitly in
PW23 and it is taken from the work of Przepiórkowski et al.
(2024b).
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eral, grammatical rule in English. With the growth
of the difference between the conjuncts length, the
tendency is stronger. Hence, the observed p−(n)
and pR(n) tendencies are distorted. This means
that the important thing to compare is not the ac-
tual and predicted p∗(n) tendencies, but rather the
actual and predicted differences between various
p∗(n) tendencies.

PBG24 replicate PW23’s study, analyzing the
larger (11.5M coordinations) Corpus of Contem-
porary American English (COCA). Tendencies ob-
served by them match the predictions of the Lon-
don model without the need to refer to DLM-at-
grammar. Because of that, they narrow down possi-
ble models to the London approach.

PW23 research only covers the matter of the
structure of coordination in English, which is
a head-initial language. Kanayama et al. (2018)
claim that the dependency structure of coordination
in head-final languages can be different. They point
out that the development of the models in (1) was
based on the research, arguments and intuitions re-
garding only head-final languages. They especially
criticize the asymmetrical Stanford approach used
in Universal Dependencies as incompatible with
the head-final languages’ conditions.

Kanayama et al. (2018) claim that forcing
Japanese and Korean UD annotators to use the
Stanford approach resulted in lowering the qual-
ity of their corpora. They show linguistic and em-
pirical arguments towards an alternative approach
proposed by Choi and Palmer (2011) and urge UD
to allow using that model in HFL corpora.

This paper argues that allowing the Right-headed
approach to the dependency structure of coordina-
tion in UD corpora of head-final languages would
be beneficial. The claim is based on the results of
the analysis of Turkish and Korean UD corpora us-
ing PW23 and PBG24’s methodology and theoreti-
cal arguments taken from the work of Kanayama
et al. (2018).

3 Data

Three Korean (Kaist, GSD and PUD) and
nine Turkish (Kenet, Penn, Tourism, Atis, GB,
FrameNet, BOUN, IMST and PUD) corpora
have been analyzed. All corpora have been
annotated in Universal Dependencies v. 2.13
and downloaded from UD’s website (https:
//universaldependencies.org/ in December
2023). The data has been annotated manually. Four

Turkish corpora (Atis, GB, BOUN and PUD) have
been annotated natively in UD style, others have
been automatically converted from different style.
In total 21.5K Korean and 19.6K Turkish coordina-
tions have been analyzed.

Table 2 shows the number of coordinations with
a specific position of the governor and the shorter
conjunct.6

shorter governor position
conjunct left absent right

Korean
left 294 4054 3999
right 89 1093 964

Turkish
left 894 3263 4257
right 111 1052 880

Table 2: The number of coordinations with a specific
position of the governor and the shorter conjunct in the
HFL corpora.

4 Methods

In order to replicate the methodology of PW23,
only binary coordinations should be taken into ac-
count. However, ignoring every coordination with
more than two conjuncts could severely impact the
result of the study. On the other hand, to analyze
the impact of the DLM effect on the length of every
conjunct of the coordination a new methodology
would be needed. Therefore, in this study every
coordination is treated as binary, i.e. no matter how
many conjuncts are in it, the first conjunct is consid-
ered the left one and the last conjunct is considered
to be the right one. If a coordination have more
than two conjuncts, the middle ones are ignored.

To determine the slope of all p∗(n) functions
as well as the differences between them the co-
ordinations are extracted and the lengths of their
conjuncts are measured.

The process of delimiting the conjunct bas-
ing on dependency trees is non-trivial and cannot
be automated with high accuracy7 (Patejuk and

6Since the DLM effect can only be noticed when there is
a difference between the length of the conjuncts, the coordi-
nations in which both conjuncts have the same length are not
taken into account in this analysis. Also, because of the small
number of the coordinations with the governor in the middle,
those are also ignored.

7E.g. in a phrase such as long days and nights it is not
syntactically determined if the word long describes only the
word days, or both days and nights. The conjuncts can be
delimited as either [[long days] and [nights]] or [long [[days]
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Przepiórkowski 2018, Przepiórkowski and Woź-
niak 2023). Therefore a heuristic-based algorithm
has been used to extract coordinations. It is an HLF-
adjusted version of the algorithm used in PBG24’s
analysis. It is depicted in the Appendix A.

Since the automated process is not fully reli-
able, it has been evaluated by a native speaker of
the Turkish language. 60 coordinations have been
sampled randomly and evaluated using two crite-
ria: 1. the governor position has been determined
correctly and 2. both conjuncts have been delim-
ited exactly as they should be (putting aside the
punctuation, as it does not affect the word count).
35 of Turkish coordinations have been extracted
correctly, which resulted in overall 58% algorithm
accuracy. The algorithm has not been evaluated in
the Korean language analysis.

The dependency length can be measured in var-
ious ways (e.g. characters, syllables, words). The
DLM effect is mostly connected with the number
of new objects in the discourse. Since objects corre-
spond to words, for the DLM analysis dependency
length is measured in words understood as non-
punctuation tokens (Futrell et al., 2020).

Once the conjunct lengths and governor posi-
tions are determined, the monofactorial logistical
regression is performed8 to calculate the slope of
each of the p∗(n) functions.

The code used for extracting coordinations and
statistical analysis is publicly available in the repos-
itory at https://github.com/wjstempniak/
Dependency-Structure-of-Coordination.

5 Results

Figure 1 depicts changes in the tendency to put
the shorter conjunct at the beginning of the coordi-
nation with the growth of the absolute difference
between the conjuncts length.

Table 3 shows the differences between the
slopes of pL(n), p−(n) and pR(n) the tendencies
computed using R’s emmeans::emtrends function
(Lenth, 2024). The L/−, −/R and L/R columns

and [nights]]].
8In PW23, “due to the low number of coordinations with

large length differences when the governor is on the right,
observations were collected into five buckets defined by the
vector δ = ⟨0, 1, 2, 3, 6, 25⟩”, where “bucket i contains coor-
dinations with absolute length differences within the interval
(i, i+ 1]”. In the HFL analysis, due to a low number of coor-
dinations with the governor on the left, similar method was
applied. To fit the data, the values of the δ vector have been ad-
justed to ⟨0, 1, 2, 3, 6, 18⟩. The computations were performed
using the R’s glm function (R Core Team, 2023).
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Figure 1: Observed p∗(n) in Korean (left) and Turkish
(right).

L/− −/R L/R
diff p diff p diff p

ko 0.05 0.30 0.01 0.45 0.06 0.22
tr -0.01 0.72 0.02 0.21 0.01 0.83

Table 3: Differences between the steepness of observed
p∗(n) tendencies in HFL.

show the difference of the steepness of two respec-
tive p∗(n) tendencies, e.g. if L/− is positive, the
pL(n) tendency is more increasing than the the
p∗(n) tendency. The difference of the steepness
of the p∗(n) and p†(n) tendencies is henceforth
referred as the ∗/† contrast.

Although it may seem that for both languages
almost all contrasts are positive,9 it is crucial to
notice that the differences between the tendencies
are highly insignificant. For all three contrasts, both
in Korean and Turkish, p was greater than 0.2. In
Turkish, for the L/R contrast (which had been ex-
pected to be the greatest and therefore most signifi-
cant) p was equal to 0.83.

The insignificance of differences can either mean
that there is no difference or may indicate the lack
of sufficient quality and quantity of the data. How-

9Note that the only negative tendencies are the L and L/−
tendencies in Turkish. However, those are the tendencies con-
cerning Turkish coordinations with the governor on the left.
Because Turkish is a HFL, this type of coordination structure
is rare in its corpora – in this study, there are only 1.8k Turkish
coordinations with the governor on the left (opposed to 12k
coordinations with the governor on the right).

68

https://github.com/wjstempniak/Dependency-Structure-of-Coordination
https://github.com/wjstempniak/Dependency-Structure-of-Coordination


ever, the total number of coordinations analyzed
in Korean and Turkish was similar to the number
of English coordinations analyzed by PW23 (Ko-
rean: 21.5K, Turkish: 19.6K vs. PW23: 21.8K).
This suggest that if such differences exist, examin-
ing around 20k coordinations should be enough to
find them. The fact that in this analysis no signif-
icant differences were found does not prove that
there are no differences, but certainly indicates that
this is probable. Given that, since most of the (in-
significant) observed tendencies are positive, it is
more probable that those differences are positive
or neutral than negative.

The next section explains how these results can
be interpreted in the context of the approaches to
the dependency structure of coordination shown it
(1) and (2).

6 Discussion

6.1 Dependency structure of coordination in
head-final languages

For the analysis of binary coordinations in HFL
several assumptions have to be made.

Firstly, in case of binary coordinations the Stan-
ford and Moscow approaches are essentially the
same.10 The predictions of these approaches are
the same regardless of the position of the gover-
nor, so for the analysis’ sake one of them can be
omitted.

Additionally, it is known that in HFL heads tend
to be at the end of phrases. For the sake of the
analysis, the head is assumed to be the final token
of a coordination conjunct.11

Finally, it is safe to assume the conjunction is
always dependent to the conjunct head next to it.
This is a conclusion from the fact that in HFL the
conjunction is often an agglutinate, suffix, or part
of the word or phrase unit12 that is the head of the
conjunct. This is visible in Japanese and Korean
examples below.13

10The only difference between these models is the two
relations between the head of the right conjunct and the con-
junction. The sum of these relations is the same in all six
cases so the influence of this relations on the total dependency
length is none.

11It is a simplification, because the head is not always the
final token. However, the relevant factor is that there are more
potential dependents on the left than on the right side of the
head. Appendix B shows the information about the relative
position of the head within the conjuncts in the used data.

12Such as Japanese bunsetsu or Korean eojeol. See
Kanayama et al. (2018) for details and examples.

13The example sentences are adopted from the work of
Kanayama et al. (2018) and are annotated according to the

(4)
かわいい 犬 と 猫 が 走る

kawaii inu -to neko -ga hashiru
ADJ NOUN CCONJ NOUN ADP VERB
‘cute’ ‘dog’ ‘and’ ‘cat’ -NOM ‘run’

root
nsubj

acl
conj

case

cc

In (4) the conjunction token ‘と’ (‘and’) is a part
of bunsetsu ‘犬と’ (‘dog and’). According to the
Stanford approach ‘と’(‘and’) should be treated
as a dependent of ‘猫’ (‘cat’). Assuming common
sense and basic semantic intuition, there is no rea-
son to do that (Kanayama et al., 2018).

(5)
예쁜 개와 고양이가 달린다

yeyppun kay+wa koyangi+ka tali+nta
ADJ NOUN NOUN VERB
‘cute’ ‘dog+and’ ‘cat-NOM’ ‘run’

root
nsubj

acl conj

In (5), the conjunctive particle ‘와’ is a suffix in
eojeol ‘개와’ (‘dog and’), therefore it does not con-
stitute an individual token and is not a dependent
to any conjunct head.

For these reasons assume that in HFL if the con-
junction is a separate token, it is connected to the
right head. Thus, the dependency length between
the conjunction and the head is constant and its in-
fluence on the total dependency length is negligible.
Therefore, that dependency is ignored.

Taking into account the assumptions stated
above, the following approaches are analyzed:14

(6) a. Prague l □ ⊡ r □ ⊙

b. London l □ ⊡ r □ ⊙

c. Stanford l □ ⊡ r □ ⊙

d. Inverted l □ ⊡ r □ ⊙

6.2 Predictions of different approaches

In order to determine the predictions, the pairs of
cases with the three different governor positions
are compared (now using the London approach as
the example):

(7) a. ⊙ l □ ⊡ r □

Stanford approach.
14The non-head tokens which are parts of the conjuncts

(henceforth called the conjunct body) are replaced with l or r
symbol for clarity. In these schemata, the governor is placed
on the right side of the coordination to reflect the fact in HFL
it strongly tends to be in that position. The analysis still covers
coordinations with all three governor positions, so that does
not interfere with the models’ predictions.
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b. l □ ⊡ r □

c. l □ ⊡ r □ ⊙
For each possible governor position, the differ-

ence of the total dependency length is compared
between the case where the first conjunct is shorter
and the case where it is longer. Let a and a+ n be
the length of the conjuncts, where n > 0. For the
case shown in (14a), those cases are:

(8) a. a □ ⊡ a+ n □ ⊙
a+n

b. a+ n □ ⊡ a □ ⊙
a

In (8a) the total dependency length is equal to
a+n and in (8b) it is equal to a. Therefore, the abso-
lute difference is equal to n. The total dependency
length in (8a) is greater than the total dependency
length in (8b). Thus the prediction of the London
approach for HFL is that when the governor is on
the right, the proportion of coordinations with the
shorter conjunct on the left is decreasing with the
growth of the absolute difference of the conjunct
length. In other words, the London approach pre-
dicts that pR(n) is decreasing.

To shorten the calculations let me formalize
them. Let S∗ be the sum of the relevant15 depen-
dencies’ length in the case where the first conjunct
is shorter, and S′

∗ be the sum of the relevant de-
pendencies’ length in the other case. The model
predicts that the function p∗(n) is increasing if and
only if S′

∗ is greater than S∗. Finally, let e∗(n) be a
function such that
(9) e∗(n) = S′

∗ − S∗.
The function e∗(n) estimates the direction of the

slope of p∗(n) in the way that the sign of e∗(n)
is equal to the direction of the slope of p∗(n) for
∗ ∈ {L,−, R}.

Let l∗ (r∗) be the number of dependencies that go
over the left (right) conjunct’s body. In (8a) there
are 0 dependencies going over the left conjunct
body and there is 1 dependency going over the right
conjunct’s body. Since the conjunction is ignored,
to compute the total dependency length the product
of the number of dependencies and their length,
which is equal to the conjunct length, is simply
added. The total dependency length in (8a) is 0a+
1(a+ n) = a+ n.

This can be generalized as
15The dependencies within the conjunct are ignored as they

are constant and independent from changes in the conjunct
order and the governor position.

(10) a. S∗ = l∗a+ r∗(a+ n) and
b. S′

∗ = l∗(a+ n) + r∗a.
Recall from (9) that e∗(n) = S′

∗ − S∗. Thus
(11) a. e∗(n) = l∗(a+n)+ r∗a− (l∗a+ r∗(a+

n)), which can be simplified to
b. e∗(n) = (l∗ − r∗)((a+ n)− a), so
c. e∗(n) = (l∗ − r∗) · n

Because n > 0, the estimating function e∗(n) is
increasing if and only if l∗ − r∗ > 0. That means
the prediction of the model of the direction of p∗(n)
slope is equal to sign of l∗ − r∗.

The DLM can be understood as a probabil-
ity function from total dependency length in a
given case to a probability that this case occurs
in natural language. Assuming that the function is
monotonous, the differences between the slopes for
each governor position pair can be predicted. Let
me show how to do that using the example of the
−/R contrast in the Stanford approach for HFL:

(12) a. a □ ⊡ a+ n □
a+n

b. a+ n □ ⊡ a □
a

c. a □ ⊡ a+ n □ ⊙
a+na+n

d. a+ n □ ⊡ a □ ⊙
aa

In (12), the e−(n) = a− (a+ n) = −n, so the
slope of p−(n) is expected to be negative. However,
the eR(n) = 2a− 2(a+ n) = 2n, so the slope of
pR(n) is expected to be negative and smaller than
the slope of e−(n).

This observation can be generalized using the
e∗/†(n) function such as

(13) a. e∗/†(n) = e∗(n)− e†(n) or
b. e∗/†(n) = (l∗ − r∗ − (l† − r†)) · n

for ∗, † ∈ {L,−, R} and n > 0.
Hence, the sign of the contrast between p∗(n)

and p†(n) functions is equal the sign of e∗/†(n).
Consider again the three cases described in (7).16

(14) a. ⊙ l □ ⊡ r □

b. l □ ⊡ r □

c. l □ ⊡ r □ ⊙

16In the following example, the coordinations are annotated
according to the Inverted approach. However, the implications
below are true for every model of the dependency structure of
coordination.
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All dependencies that are present in (14b) are
also present in (14a) and (14c). Moreover, the de-
pendencies going over the left conjunct body can
be divided into two groups: 1. those present when
there is no governor (in (14b) there are l− of them)
and 2. those connecting the governor with its depen-
dents (in (14a) and (14c), they are thickened). Let
L∗ (and R∗) be the number of relations connecting
the governor with its dependents going over the left
(right) body conjunct. From the observation above
it is visible that

(15) a. lL = l− + LL, or LL = lL − l−
and, similarly

b. rL = r− +RL, or RL = rL − r−.
Since the dependencies present in (14b) are also

present in (14a) and (14c), when comparing the dif-
ference between different slopes they can be omit-
ted. In other words, while computing the contrast
between p∗(n) functions the only relevant depen-
dencies are those connecting the governor with its
dependents.

Recall from (11c) and (13) that:
(16) e∗/†(n) = e∗(n)− e†(n)

(17) e∗(n) = (l∗ − r∗) · n
From (11c):

(18) a. eL(n) = (lL − rL) · n,
b. e−(n) = (l− − r−) · n,
c. eR(n) = (lR − rR) · n.

From (13):
(19) a. eL/−(n) = eL(n)− e−(n),

b. eL/−(n) = (lL − rL) ·n− (l− − r−) ·n,
c. eL/−(n) = (lL − l− − (rL − r−)) · n,
d. eL/−(n) = (LL −RL) · n.

Similarly, it is provable that
(20) a. e−/R(n) = e−(n)− eR(n),

b. e−/R(n) = (l−− r−) ·n− (lR− rR) ·n,
c. e−/R(n) = (l− − lR − (r− − rR)) · n,
d. e−/R(n) = (LR −RR) · n.

To sum up, the predictions of a given model are
signs of functions shown in (18), (19d) and (20d)
for n > 0. Using these formulae, predictions for
HFL can be computed for every model (see Table
4).

Model eL(n) e−(n) eR(n) e−/R(n) eL/−(n)
Prague 0 −n −2n −n −n
London n 0 −n −n −n
Stanford 0 −n −2n −n −n
Inverted −n −n −n 0 0

Table 4: Values of estimating function for HFL.

Recall from Table 1 that all three observed p∗(n)
tendencies are positive. This means that none of the
considered approaches predict the slope direction
itself correctly. This may be due to a strong, uni-
versal tendency to put the shorter conjunct at the
beginning of the coordination which has a different
cause.17 For this reason it is important to compare
the predicted and observed differences between the
tendencies steepness (i.e. the contrasts) rather than
the predicted and observed p∗(n) tendencies.

As it is visible in Table 3, every approach pre-
dicts that the L/− and −/R contrasts are either
negative or none. However, the results of the study
suggest that the contrast is is more likely to be
positive. One might say that there can be other
approaches to the dependency structure of coordi-
nation in HFL which predict the contrasts to be
positive. The following section proves that such an
approach is impossible.

6.3 All possible approaches

To cover all approaches, let me analyze possible
dependents of the governor of the coordination.
The governor’s dependent can be either to the left
of the left conjunct’s body (as in 21c), to the right
of the right conjunct body (as in 21b), or between
the conjuncts’ bodies (as in 21a).

(21) a. ⊙ l □ ⊡ r □ ⊙

b. ⊙ l □ ⊡ r □ ⊙

c. ⊙ □ l ⊡ □ r ⊙
From (21a)–(21c) it is visible that irrespective of

the assumed approach for every dependency con-
necting the governor on the left going over the left
conjunct body either this dependency is also over
the right conjunct body (21b) or there is another
dependency over the right conjunct body when the
governor is on the right (21a).

The same can be said about the dependency con-
necting the governor on the right going over the
right conjunct body and the dependency goes over
the left conjunct body when the governor is on the
left. This can be written as

(22) a. LL +RL = LR +RR, or
b. LL − LR = RR −RL.

17This tendency is observed in multiple previous works and
explained in a numerous ways, including arguments based on
pragmatics (Lohmann, 2014), psycholinguistics (McDonald
et al., 1993), stress patterns (Wright et al., 2005) and DLM-at-
grammar (PW23).
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Given that:
(23) a. eL/−(n) = (LL − LR) · n

b. eL/−(n) = (RR −RL) · n
c. eL/−(n) = e−/R(n)

Furthermore, from (21b) it is visible that if there
is a dependency connecting the left governor going
over the right conjunct body, this dependency goes
also over the left conjunct body. Thus

(24) a. LL ≥ LR or LL − LR ≤ 0, and since
b. eL/−(n) = LL − LR and
c. eL/−(n) = e−/R(n), therefore
d. eL/−(n) and e−/R(n) are non-increasing

functions.
Therefore, irrespective of the assumed approach

to the dependency structure of coordination, a
model can either predict that the slope of pL(n)
can be either the same or more decreasing than
the slope of p−(n). The same can be said about
the p−(n) and pR(n) slopes. This is true for all
possible models consistent with the assumptions
made in this paper. This leads to the conclusion
that a model predicting positive contrasts between
the slopes is impossible.

It is well known that the DLM affect word order
both in individual sentences (Futrell et al., 2015)
and at the grammatical level (PW23). However, it
is possible that the DLM influences the shape of
the grammatical structure itself as well. 18

In case of head-initial languages, a symmetric
coordination allows to use DLM efficiently, as
putting the short conjunct first in coordinations
with the governor on the left indeed shortens the
total length of the dependencies (because the L/−
and L/− contrasts are negative). However, in case
of HFL, there is no possible approach that would
allow shortening the total length of the dependen-

18It is intuitive that a grammatical structure for a simple
clause should have a simple dependency structure with as
short dependencies as possible. For that reason the Stanford
approach declares the head of the left conjunct as the “tech-
nical head of the coordination”(De Marneffe et al., 2021) –
because in the head-initial languages the governor of coordi-
nation tends to be at the left, and the head of the left conjunct
tends to be at the beginning of this conjunct, i.e. next to the
governor. Therefore, the head of the left conjunct is a depen-
dent to the governor. In case of HFL, it is exactly opposite –
the governor tends to be at the end of a coordination, which is
next to the head of the right conjunct. Because of that, the Stan-
ford and Inverted approaches can be intuitive for respectively
head-initial and head-final languages users and not intuitive
for the other language group users. The need to minimize the
length of dependencies is also the reason why Choi and Palmer
(2011) decided to invert the Moscow approach, and not the
Stanford model – because a hypothetical Inverted Stanford
model would have to long dependencies between conjunct
heads in case of long coordinations.

cies by putting the short conjunct last in coordi-
nations with the right governor (because the −/R
and L/R contrasts are also negative or none). Us-
ing any of the four main approaches shown in (1)
in HFL would cause almost every coordination to
have excessively long dependencies.

This may explain why head-final languages may
have formed an inverted-approach dependency
structure of coordination, opposed to head-initial
languages which evolved a symmetric one.

7 Limitations

The main drawback of the presented research is
the quality and quantity of used data. As stated in
the work of Kanayama et al. (2018), UD-imposed
bounds “tied the hands” of HFL corpora annota-
tors and forced them to work out compromises,
which reduced the corpora quality. This include
“dropping the conjunction category entirely in the
case of Japanese” (Kanayama et al., 2018, p. 82),
which made an analysis of coordination in Japanese
UD corpora impossible. Given these restrictions,
the relatively small19 Korean and Turkish corpora
were analyzed. Once more corpora of the head-final
languages with coordinations marked consistently
will be created, revisiting this study with more and
better-quality data will become possible.

Apart from that, the algorithm used for extract-
ing coordinations was highly imperfect. As stated
before, determining the exact conjunct length based
solely on dependency trees is a well-known com-
mon issue and cannot be solved automatically
(Kanayama et al. 2018, Patejuk and Przepiórkowski
2018). The evaluation process showed that 58%
of all Turkish coordinations were extracted cor-
rectly.20 However, the algorithm was not evaluated
for the Korean language analysis.

Lastly, the author does not know Turkish nor

19There are 446K tokens in Korean and 735K in Turkish
UD corpora opposed to 2.6M in Japanese UD corpora.

20The recurrent issue with Turkish corpora has been that
two unrelated simple sentences have been treated as one co-
ordination without a governor. In fact, 20% of coordinations
in the sample have been a part of a run-on sentence that had
been incorrectly marked as a coordinations. However, this is
an issue with corpora, not with the algorithm. However, this
problem does not necessarily affect the results of the study.
There is no pattern in the incorrectly extracted coordinations,
so in a long run all influence from the invalid data points
should even out. Moreover, this effect seems to apply only
to the coordinations with no governor. If the issue affected
strongly the p−(n) slope, the L/− and −/R contrasts would
be significantly different. This, however, did not happened.
Overall, while there is no reason to state that this might affect
the study result, that cannot be ruled out.
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Korean and therefore does not have head-final intu-
itions internalized, leaving space for an error aris-
ing from head-initial-based unconscious assump-
tions. A native speaker of Turkish has been con-
sulted for the development of heuristics and has
performed the evaluation of the algorithm. How-
ever, no Korean native speaker was involved in the
analysis.

8 Conclusions

The main subject of the study is the analysis of the
contrast between the tendencies to put the shorter
coordination conjunct at the beginning as the abso-
lute difference between the conjunct length grows
with a given governor position. For head-initial lan-
guages there are approaches that predicts that the
L/− and −/R contrasts are negative, so it may be
intuitive to say that for the head-final languages
there are approaches that predict that the contrast
are positive. The main novel contributions of this
paper is the proof that no model of the dependency
structure of coordination can predict that. In other
words, this paper proves that irrespective of an as-
sumed approach either all tendencies are predicted
to be either the same or more descending in the
order: left-absent-right governor. This is true for
both head-initial and head-final languages.

Additionally, the paper explains why the argu-
ments for a symmetric approach to the depen-
dency structure of coordination provided by PW23
and PBG24 cannot be extend to head-final lan-
guages. Moreover, the negative replication of afore-
mentioned works in addition to experiments pro-
vided by Kanayama et al. (2018) and their theo-
retical arguments leads to a conclusion that Choi
and Palmer’s (2011) Inverted Stanford/Moscow
approach probably describes best the dependency
structure of coordination in head-final languages.
However, the lack of significant differences in
slopes does not prove that there is no difference
between them, so the result of the experimental part
of this research remains negative. A further analy-
sis with more and better-quality data is needed to
strengthen these claims.

As stated in Kanayama et al. (2018), better data
could be obtained if Universal Dependencies al-
lowed the HFL corpora annotators to annotate coor-
dinations according to approaches that are more in-
tuitive for HFL users. That would increase the num-
ber of correctly annotated coordinations in Korean
and Japanese at the cost of universality. However,

since it is possible for head-initial and head-final
languages to have a different coordination structure,
the dependency structure of coordination may not
be universal across languages. Therefore, there is
a need for a possibility to annotate coordinations
differently in the Universal Dependency standard.
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A Algorithm for determining the
conjunct contents

This algorithm assumes that the coordination struc-
ture is annotated according to the current UD guide-
lines.

Consider all descendants of the conjuncts’
heads:

Mary and her husband John ate the dinner .

nsubj

cc
nmod:poss

conj

appos

root

det
obj

punct

Exclude the head of the right conjunct and its
descendants from the left conjunct:

Mary and her husband John ate the dinner .

nsubj

cc
nmod:poss

conj

appos

root

det
obj

punct

Then apply the following heuristics:

(H1) A conjunct cannot begin with a conjunction
(a word that is connected to the head of the
conjunct by a cc relationship).

Alice and Bob played the game .

nsubj

cc
conj

root

det
obj

punct

In the example above, and is not considered to
be a part of the right conjunct because of (H1).

(H2) A conjunct cannot begin with a punctua-
tion mark (specifically, a comma, semicolon,
colon, or dash).

Jack , not John .

root

punct
advmod

conj
punct

Though the comma is a descendant of the right
conjunct head John, it is not a part of right conjunct
because of (H2).

(H3) Left head descendants on the right side of
the right conjunct are not a part of the left
conjunct.

Mary cooked and ate the dinner .

nsubj

root

cc
conj

det

obj

punct

The goal of this heuristic is to exclude the tokens
describing the both conjuncts that are dependents
of the head of the left conjunct. The intuition sup-
porting it it that the “private” dependents of the
head of the left conjunct are almost always near
this head and almost never at the right side of the
right conjunct.

(H4) Right head descendants on the left side of
the left conjunct are not a part of the right
conjunct.

74

http://nlp.ipipan.waw.pl/Bib/pat:prz:18:book.pdf
http://nlp.ipipan.waw.pl/Bib/pat:prz:18:book.pdf
http://nlp.ipipan.waw.pl/Bib/pat:prz:18:book.pdf
https://www.R-project.org/
https://www.R-project.org/
https://github.com/wjstempniak/Dependency-Structure-of-Coordination/blob/main/thesis/main.pdf
https://github.com/wjstempniak/Dependency-Structure-of-Coordination/blob/main/thesis/main.pdf
https://github.com/wjstempniak/Dependency-Structure-of-Coordination/blob/main/thesis/main.pdf


Geçit töreni yok ve hiç olmadı .
passage ceremony-3SG NEG.EXIST and never be-NEG-PST.3SG

nmod:poss

nsubj
root

cc
advmod

conj

punct

‘There is no parade and there never was.’

This heuristic has been developed specifically
for head-final languages. It is an inverted version
of (H4).

(H5) The child of the left conjunct head on the left
side of the left head is not a part of left con-
junct, if its relation with left head is unique,
i.e. there is no relation between any other head
and its child identical to it.

This is by far the most unreliable heuristic. Its
goal is to tell apart the dependents of the head
of the left conjunct describing the left conjunct
exclusively from those describing all coordination’s
conjuncts.

Mary quickly cooked and eagerly ate the dinner .

nsubj
advmod

root

cc
advmod

conj

det
obj

punct

In the example above, the heads of both con-
juncts have a dependent with an advmod relation.
This means that this relation is not unique. There-
fore, quickly describes cooked, and eagerly de-
scribes ate.

Mary quickly cooked and ate the dinner .

nsubj
advmod

root

cc
conj

det
obj

punct

In this example, only the left conjunct head has
a dependent with the advmod relation. Because of
that, this relation is considered to be unique. Ac-
cording to (H5), quickly describes both cooked and
ate.

(H6) If there are multiple different conjunctions in
a coordination, there is an extra coordination
nested in it.

Mary , John and Lucy .

root

punct
conj

cc

conj
punct

There is only one conjunction in this coordina-
tion – and. Therefore, this is one coordination with
3 conjuncts.

Mary and John and Lucy .

root

cc
conj

cc

conj
punct

Here, there are two instances of the same con-
junction – and. Because of this, this is also one
coordination with 3 conjuncts.

Mary and John or Lucy .

root

cc
conj

cc

conj
punct

In the example above, there are two distinct con-
junctions – and and or. Therefore, in this sentence
there are two coordinations with 2 conjuncts each,
one nested in another.

B The relative head position within the
conjunct

To confirm the assumption that most of the descen-
dants of the conjunct heads are at the left side of the
head, the relative position of the head within the
conjunct is computed. The relative head position is
defined by the formula

P =
H − 1

N − 1
for N ≥ 2,

where P denotes a relative position of the head; H
is equal the absolute position of the head within the
conjunct (i.e. the ordinal number of the token that
is the head); and N is the conjunct length measured
in tokens.

Table 5 shows the mean relative position of the
heads of the right and left conjuncts of the coordi-
nations found in the Korean and Turkish corpora.

left conjunct right conjunct
N mean N mean

ko 6801 0.78 12951 0.65
tr 7994 0.64 12763 0.69

Table 5: The relative position of the head within the
conjunct in HFL.

In all cases, the heads tend to be in the right
half of the conjunct. This is confirmed using the
Student’s t-test testing the difference from 0.5 (i.e.
the middle of the conjunct). All differences are
highly significant (p < 0.001). Computations were
performed using the R’s t.test function (R Core
Team, 2023).
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