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Abstract: The present paper tries to link Menzerath-Altmann law (MAL) to the
Heavy Constituent Shift (HCS) phenomenon and discuss their co-effect in hu-
man natural languages. We deduce a hypothesis based on MAL and HCS and
then tried to empirically verify it by investigating multiple language data from
Surface-Syntactic Universal Dependencies (SUD). Our results show that the
hypothesis is valid across the complete set of typologically diverse and the co-
effect of MAL and HCS appears to be a very regular universal.
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1 Introduction

Menzerath’s law, also known as the Menzerath-Altmann Law (MAL), predicts
that the increase of the size of a linguistic construct results in a decrease of the
average size of its components (Altmann & Schwibbe 1989; Hfiebicek 1995;
Cramer 2005a). Despite the success of the research on MAL, it seems that this
powerful law is still not strongly connected to other traditional linguistic dis-
cussions that go beyond a mere application of the definitions to various linguis-
tic units. In this study, we aim to address this point by linking MAL to the Heavy
Constituent Shift (HCS) phenomenon and discuss their co-effect in human natu-
ral languages.

The article is organized as follows. Section 2 starts with a reminder of some
studies on MAL. HCS is introduced in Section 3 and our co-effect hypothesis is
presented in Section 4. Section 5 describes the methodology of this study and
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the data resource that the study is based on. Section 6 summarizes the results
and the conclusion is provided in Section 7.

2 Menzerath-Altmann Law

As one of the most discussed linguistic laws, the majority of related studies are
focusing on verifying this law in certain linguistic constructs with different texts
and languages as well as trying to interpret the parameters (Altmann 1980 &
2014; Gustison et al. 2016; Cramer 2005b; Mikros & Jifi 2014). For example, ex-
amining whether longer words (in the number of syllables) have shorter sylla-
bles (in the number of graphemes for phonemes), or if longer clauses (in the
number of words) have shorter words (in the number of syllables) in different
human languages (Menzerath 1954; Kelih 2010). A small minority of studies are
discussing the language features that might influence the results of MAL, such
as registers (Hou et al. 2020; Xu & He 2020). Meanwhile, MAL has started to
transcend quantitative linguistics and is also gaining attention from other disci-
plines, such as biology (Li 2012; Ferrer-I-Cancho & Forns 2009).

3 Heavy Constituent Shift

HCS (Ross 1967; Stallings et al. 1998) is a well-known phenomenon of syntax.
Based on the concept of “heavy constituents” that are composed of more words
(and syllables) than “light constituents”, it states that heavier constituents tend
to be shifted to the end of the clause. Here is the example 5.56 from Ross (1967:
306):

a. [I'll give some to my good friend from Akron.
b. T'll give to my good friend from Akron some.

In this example, the constituent ‘to my good friend from Akron’ has six
words and it is heavier than the constituent ‘some’ which only has one word.
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Therefore, it should be shifted to the end of the sentence, as in the more exam-
ples form the GUM (Zeldes 2017) English treebank of Universal Dependencies: *

a. [...] Imight capture them and learn from them the secrets which the
moon had brought upon the night. (fiction_moon-9)

b. [...] the bartender will recount for the customer the definition of the
santorum neologism. (interview_coktail-15)

c. [..]Jascenery made of sand and rocks which have vaguely the shape
of a castle. (voyage_guadeloupe_17)

d. [..] the adjustments and calculations take into account the weighted
nature of the data. (academic_discrimination-51)

e. [..] the only candidate who embodies both physically and philosophi-
cally the growing diversity of the commonwealth.

(interview_libertarian-11)

This commonly observed language phenomenon has been stated by several
linguists before Ross (1967). Here are three citations of French linguists from the
18th and 19th centuries given in Kahane (2020):

“The [complements?] must be as close as possible to the governing word,
which would not be the case if one were to put the longest [complement] first,
which would move the shortest one too far away.” (Buffier 1709: 313)

“When several complements fall on the same word, it is necessary to put the
shortest one first after the completed word; then the shortest of those that re-
main and so on until the longest of all, which must be the last. It is important for
the clarity of the expression, cujus summa laus perspicuitas’, to move what
serves as the complement as little as possible away from a word. However,
when several complements contribute to the determination of the same term,
they cannot all follow it immediately; and all that remains is to bring the one
that we are forced to keep away from it as close as possible to it: this is what we

!These examples have been collected with the following grew-match request: pattern { X - [ obl
|advmod]->B;X-[obj]->C;X<<B;B<<C}without{X->D;X<<D}

2In the French tradition, complement means argument constituents as well as modifier con-
stituents depending on the verb. We will keep this sense in the paper.

3 ‘whose highest praise is clarity’ (a variation of the famous quote from Quintilian’s The Ora-
tor’s Education stating that the oratory’s “basic virtue is clarity”).
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do by putting first the one which is the shortest, and keeping the longest for the
end.” (Beauzée 1765: 7)

“When several complements fall on the same word, give the most concise
form to the one immediately following the complete word and, as you go along,
give the complements a more developed and extensive expression.” (Weil 1844:
97)

Note that HCS has first been observed for SVO languages such as French
and English, where the complements are produced after the verb that governs
them. The term heavy constituent shift has been coined by Ross in the frame-
work of the transformational grammar, with the idea that heavy constituents
were shifted from some initial position to the final place. For Buffier and
Beauzée, light complements must simply be produced before heavy comple-
ments. Weil introduced an additional idea: If you want to produce two comple-
ments in a given order, make the second one heavier than the first one. In other
words, it is not because a complement is heavy that you put it in the second
place, it is because it is in the second place that you make it heavier (and, again,
there is absolutely no shift in this framing of the phenomenon).

There are still debates concerning the definition of ‘heavy’. Although the
theoretical discussion is valuable, for the empirical data analysis in this study,
we take the operational definition of ‘heavy’, namely, having more words.

4 Co-effect Hypothesis: Combining Heavy
Constituent Shift and Menzerath-Altmann Law

Both HCS and MAL are associated with constituent size. This suggests that HCS
and MAL interfere with each other. We can deduce a hypothesis based on these
two premises.

To be more specific, we investigate and compare the size of different con-
stituents in two types of clauses that have either one or two complements to the
right of the word X:*

“ Note that this simplified definition allows any number of dependents to the left of X and does
not take into account the presence and size of any elements to the left of X which might be part
of the projection of X. We will see in Section 6 that taking into account possible elements to
the left does not significantly alter the results.
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1) ~XAB (the word X has two complements A and B to its right, and A pre-
cedes B)
2) ~XC (the word X has only one complement C to its right)

We will focus on words X, when it is the verbal head of a clause. a, b, ¢ cor-
responds to the size (the number of words) of the constituents A, B, and C.

First, according to MAL, we can expect that the average size of two com-
plements (case 1.) is smaller than the size of the unique element (case 2.):

I. (a+b)/2<c
And then, according to HCS, we also expect that B is heavier than A:
II. a<hb
When we combine I & II, we can get that:
M. a=(a+a)/2<(a+b)/2<c=>a<c
We thus presume that we should observe “a < ¢” in empirical data, and if

our hypothesis is validated, this language phenomenon can be seen as the co-
effect of MAL and HCS in human natural languages.

5 Methodology

Constituents, from the viewpoint of dependency syntax, are projections of a
node in the dependency tree, that is the node and all the nodes that it domi-
nates.
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Il give some to my good friend from Akron

Fig. 1: The dependency tree of the sentence ‘I’ll give some to my good friend from Akron.’
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As we can see in Fig. 1, there are two dependencies (bold lines) that fall on
the right side of the verb give. Each branch heads one constituent. These two
constituents are the two complements of give. In our study, the size of a constit-
uent will be determined by the numbers of words it contains. The two comple-
ments of give on its right, have respectively size one and size six.

What we are investigating in this paper are two types of clauses, namely,
~XAB and ~XC. In which, ~ represents left branches of the tree. It should be
noted that here we do not take into consideration the size of possible left tree
branches. For instance, the following three sentences would all be considered
as ~XAB clauses:

a. Idefinitely give some to my good friend from Akron.
(including two left tree branches)

b. Igive some to my good friend from Akron.
(including one left tree branches)

c. Give some to my good friend from Akron.

(including zero left tree branches)

And all the following three sentences would be considered as ~XC type
clauses:

d. Iprobably did the job. (including two left tree branches)
e. 1did the job. (including one left tree branches)
f. Do the job. (including zero left tree branches)

To the contrary, we strictly limited the numbers of the right tree branch to
either one or two. For instance, the following clauses would not be considered
in our analysis:

g. Itried. (including zero right tree branches)
h. TItold her the truth eventually. (including three right tree branches)

To test our hypothesis, we chose the Surface-Syntactic version (SUD 2.7,
Gerdes et al. 2018 & 2019) of the Universal Dependencies treebank set (Nivre et
al. 2016). The dataset includes 183 treebanks in 104 languages from various
typological groups, with a majority of Indo-European languages. For some lan-
guages, several treebanks have been developed. In this pilot study, we are more
interested in the general picture, and we combine all the treebanks of a lan-
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guage into one collective treebank. Therefore, we take global measures across
all trees of each language.

After clearly defining all the conditions, we first filter out ~XAB type and
~XC type clauses from each dependency treebank we study. We only look at X
that are verbs and A, B, C that are subjects or complements. More specifically,
we only look at the complements with the dependency tag ‘subj’, ‘comp’, ‘mod’,
or ‘udep’ (‘udep’ is an underdetermined relation that subsumes both ‘comp’ and
‘mod’).” For each clause we collect, we compute the size of the constituents A, B
or C and store them as a, b, or ¢, and then we calculate the mean value of all a,
b, and c on the whole treebank. By comparing the mean value of a and c, we can
either accept or reject our hypothesis.

For the numbers of ~XAB and ~XC clauses in each language, see Tab. 1 in
the Appendix.

6 Results

We filter out languages with very sparse data that have less than 20 measures of
a or c. This reduces the number of languages to 80. Our results in Fig. 2 show
that all languages appear above the diagonal. It reflects that our hypothesis “a <
¢” is verified across these typologically different languages (Gerdes et al. 2020).
The colors and shapes in Fig. 2 represent rough language groups.®
e Indo-European languages: triangles
o Indo-European-Romance: brown
o Indo-European-Baltoslavic: purple
o Indo-European-Germanic, including the English Creole Naija:
olive
o  Other Indo-European: blue
e Sino-Austronesian: green stars
e Agglutinating languages: red plus signs
e Other languages: black squares
For this article, the actual values of a, b and c in each language are present-
ed in Tab. 1 in the Appendix.

> Of course we also take into account all possible extensions of these tags, such as ‘comp:obj’,
‘compl:obl’, ‘comp:aux’, etc.

6We provide an interactive interface on https://typometrics.elizia.net/ allowing for an easy
visual exploration of the data as in Fig. 2. The raw data can be found on
https://github.com/typometrics/datapreparation.
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Fig. 2: The average size c of C constituents is bigger than the average size a of A constituents
across the 80 languages of SUD 2.7 where we have at least 20 occurrences of corresponding

structures.

7 Conclusion

Our results show that our hypothesis is valid across the complete set of typolog-
ically diverse languages that are present in SUD treebanks. The co-effect of
Menzerath-Altmann Law and Heavy Constituent Shift appears to be a very regu-
lar universal.

Our pilot study shows that by making use of the recently available coherent-
ly annotated multilingual SUD, we can bridge MAL with traditional linguistic
discussions such as the HCS, and therefore expand the scope of studies on MAL.
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Meanwhile, there are still various details to be investigated in the future.
For example, we need to explore what happens to the left of the governor, in
particular for verb-final languages. It might also be worthwhile to verify the
measures for all kinds of clauses, not only the clauses that have a verbal head.

Note also that the data resource for languages is unevenly distributed. Some
languages, such as German, English, Czech, Arabic, etc., have large treebanks,
while treebanks of some languages have very limited sizes. We still have to
evaluate in the future how much the sample size would affect the results. Also,
even for the same language, treebanks annotated by different teams can vary
from each other. We have to consider the effect of fusing treebanks in the future.
Last but not least, we can gradually ease the control factors, reduce the con-
straints for selecting samples, to test the boundary conditions of the co-effect
phenomenon.
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Appendix

Tab. 1: Values of a, b, c and the numbers of selected clauses in each language.

Language a b c Number of  Numbers of
~XAB trees  ~XC trees
Afrikaans 3.31 13.37 13.03 211 1281
Akkadian 1.9 4.4 1.71 10 276
Akuntsu 0 0 1.2 0 10
Albanian 2.53 6.16 5.98 19 51
Ambharic 1.0 1.08 1.08 49 326
AncientGreek 2.41 5.2 4.14 8725 25192
Apurina 1.08 2.67 1.61 12 54
Arabic 3.79 13.43 11.04 27627 25993
Armenian 3.19 8.91 6.62 182 2274
Assyrian 1.14 1.43 3.46 7 26
Bambara 2.53 9.27 5.63 168 1122
Basque 1.91 3.4 3.05 551 3997
Belarusian 2.33 5.07 5.16 4060 14177
Bhojpuri 7.1 9.9 9.95 10 74
Breton 2.29 4.44 3.91 228 480
Bulgarian 2.52 5.56 5.52 2491 9637
Buryat 1.0 12.33 5.2 3 81
Cantonese 1.96 5.21 5.17 85 647
Catalan 3.87 10.7 10.88 9561 22072
Chinese 2.43 5.14 5.13 564 21956
Chukot 1.11 1.94 1.43 54 254
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ClassicalChinese 1.38 2.34 1.9 1895 27462
Coptic 2.12 7.84 5.19 1634 2163
Croatian 2.9 7.22 6.98 2290 9913
Czech 2.58 7.14 7.21 32884 97789
Danish 2.15 6.44 6.02 2456 4502
Dutch 2.42 7.19 7.42 3039 7525
English 2.61 6.3 6.67 13502 36424
Erzya 1.43 2.88 2.76 291 972
Estonian 1.74 4.81 5.39 9123 17000
Faroese 1.74 6.18 4.02 1144 1892
Finnish 1.65 3.99 4.13 10145 22200
French 3.35 9.74 9.12 21348 47025
Gaelic 2.44 8.51 5.87 2160 1247
Galician 3.9 12.0 11.87 2542 7803
German 2.56 7.27 7.47 30612 36399
Gothic 2.05 4.77 3.36 1598 3739
Greek 3.44 10.36 10.1 1348 3094
Hebrew 3.26 10.29 9.32 3527 6222
Hindi 5.71 6.71 16.93 17 4741
HindiEnglish 2.29 4.94 4.88 250 932
Hungarian 2.54 8.82 7.25 386 1334
Icelandic 1.81 6.55 5.45 23643 35949
Indonesian 3.18 7.66 7.0 2801 9876
Irish 2.94 6.94 6.11 2654 1706

Italian 3.19 9.18 8.39 12833 34151
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Japanese 4.29 1.88 2.74 17 61
Karelian 1.77 3.74 3.57 69 138
Kazakh 0 0 1.37 0 19
Khunsari 0 0 3.4 0 5
Komi 1.66 4.59 3.49 80 371
Komi-Permyak 1.1 2.0 3.04 10 53
Korean 0 0 2.59 0 233
Kurmaniji 1.64 7.07 3.69 28 304
Latin 2.7 7.19 5.17 14020 43318
Latvian 2.32 6.01 5.54 3130 15899
Lithuanian 3.35 7.33 7.11 709 5271
Livvi 1.61 4.63 3.59 38 82
Maltese 2.96 7.9 8.66 873 3547
Manx 2.39 7.05 4.74 223 88
Marathi 2.8 1.6 3.1 5 20
MbyaGuarani 2.07 3.07 2.59 43 300
Moksha 1.46 2.17 2.36 24 88
Mundurukd 0 0 2.11 0 19
Naija 1.67 4.53 3.77 10948 35429
Nayini 0 0 5.0 0 3
NorthSami 1.48 2.61 2.62 822 1669
Norwegian 2.03 6.1 5.78 14499 29070
Old Turkish 1.0 16.0 5.0 1 1
OldChurchSlavonic  1.61 3.67 2.43 1666 4045

OldEastSlavic 1.93 3.61 3.24 4560 8697
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OldFrench 2.34 5.64 4.5 3952 11790
Persian 4.59 11.33 13.07 228 9922
Polish 1.88 4.84 4.79 10347 27611
Portuguese 3.69 9.56 8.93 10412 26994
Romanian 2.68 6.68 6.24 18678 45215
Russian 2.3 6.23 6.3 19485 72153
Sanskrit 1.66 3.18 3.53 204 1001
Serbian 3.03 7.22 7.28 1314 4870
SkoltSami 1.36 2.09 3.34 11 50
Slovak 1.84 4.01 3.91 1687 6982
Slovenian 1.8 5.98 6.0 2215 9008
Soi 0 0 6.0 0 1
South Levantine 1.47 3.4 2.77 30 56
Arabic

Spanish 3.76 10.3 9.64 19650 43411
Swedish 1.91 6.01 5.45 5196 8793
SwedishSign 2.07 3.52 2.89 27 88
SwissGerman 1.57 5.29 5.93 7 30
Tagalog 1.72 3.1 3.17 72 69
Tamil 1.0 1.0 1.08 1 39
Telugu 0 0 1.32 0 25
Thai 3.24 6.94 6.66 781 2326
Tupinamba 8.0 5.0 0 1 0
Turkish 1.38 2.79 1.69 101 1561
TurkishGerman 1.47 4.96 4.44 212 606

Ukrainian 2.4 6.08 6.03 1946 5985
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UpperSorbian 2.34 6.11 6.79 122 244
Urdu 9.39 7.32 20.39 31 1737
Uyghur 1.34 2.54 2.06 50 102
Vietnamese 1.49 4.45 4.21 1226 3946
Warlpiri 1.0 1.0 1.31 2 16
Welsh 2.67 9.84 10.32 798 656
Wolof 2.16 7.14 6.61 881 3890

Yoruba 2.27 9.66 8.33 160 376




