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ABSTRACT

How do languages become the way they are today? An influential view is that languages
are shaped by pressures towards communicative efficiency: languages optimize getting the
meanings across with only a few distinct words to memorize, and they minimize difficulty in
production and comprehension. It has been proposed that the mechanism towards efficient
communication is bottom-up: language users do not explicitly optimize for efficiency; instead,
they favor a less costly form if it conveys a similar meaning, which becomes conventionalized
through repeated individual choices. In this thesis, we investigate the robustness of this
bottom-up mechanism in three studies, examining cases where top-down institutional pressures
are imposed on language use. The first study is a baseline case, where we show how systems
of spatial demonstratives (e.g., “here”, “from there”) vary across languages by pressure towards
communicative efficiency. The second study investigates how regulations on personal name
systems may have affected the information structure of names. Despite surface differences
between East Asian and Western traditions, historical data reveal a shared information
structure: the first element (e.g., “Chen”, “Edward”) is less informative than the second (e.g.,
“Sihan”, “Gibson”), enabling efficient individual distinction. However, sociopolitical processes
transformed different components into hereditary patronyms, first in East Asia, second in
the West, reshaping name informativeness. The third study concerns the effectiveness of
government efforts to simplify legal language. Legal language is often difficult to understand
because of long-distance syntactic dependencies, but it remains unclear why laws are written
in such a convoluted way. We hypothesize that it is syntactically transparent to describe
a complex legal concept in one complex sentence, which is harder to comprehend. Indeed,
we found like modern American laws, legalese texts in ancient China also contain more
convoluted structures than contemporary non-legalese ones, possibly because these legal
texts often include the offense and the punishment in the same sentence. On the other
hand, we found a much smaller difference in dependencies between the two genres in modern
Chinese than previously observed in American English. This is possibly because China went
through a drastic change from ancient China in legal tradition, and lawmakers adopted
simpler alternative ways to convey the same meaning. Taken together, our results suggest
the mechanism towards communicative efficiency can be interfered with by institutional
constraints.

Thesis supervisor: Edward Gibson
Title: Professor
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Chapter 1

Introduction

The use of language to convey information is ubiquitous to ordinary human existence: language
is used to socialize, to give and receive instructions, to learn about current affairs, and to share
thoughts and experiences across space and time. The communicative function of language
[1] thus enables knowledge to accumulate across individuals, and is thought to be a key
component to the evolution of human society and culture [2].

Language conveys information in many diverse ways. For example, speakers of sign
languages communicate with each other using hand signs. Inhabitants of La Gomera in the
Canary Islands use a special whistle language called Silbo Gomero, which enables them to
talk to each other while being miles apart. While most of us convey and process information
through speaking and writing, how we achieve this also varies. Some languages utilize only
two vowels, such as Buwal [3], whereas others can have up to 14, such as Danish [4]. Some
languages divide up nouns into many classes, such as Swahili [5]. Some languages put the
verb first in a sentence, such as Irish [6], while others put the verb last in a sentence, like
Turkish [6]. This prompts us to ask: what affects the range and diversity of human language?

Researchers have examined many different factors affecting language diversity. One class
of such factors is the type of interactions between humans and their physical environment.
For example, climate conditions have been proposed to influence the sounds that languages
prefer to use. Languages spoken in colder or drier areas are less likely to develop complex
tones |7] or to include more vowels in their phonetic inventory [8], since aridity hinders
vocal cord movement, which is necessary to articulate these sounds. Languages spoken in
areas with dense vegetation are found to favor sounds characterized by lower frequencies, as
higher frequency sounds are more likely to be absorbed by the surroundings and hence fail
to reach the listeners [9]. As a second example, subsistence level has also been studied: the
development of agriculture alters human bite configuration, making certain sounds easier
to produce and therefore increasing their prevalence across languages [10,11]. A second
kind of factor beyond interactions with the environment involves how interactions occur
among humans. For example, languages spoken by more people or with more L2 speakers are
suggested to have simpler morphology [12-14] (but cf. [15]). And vocabulary size in semantic
domains is suggested to be influenced by the communicative need: societies where colors are
more useful in distinguishing objects tend to develop more fine-grained color categorization
[16], and societies where expressing exact quantities is not necessary may not have number
words [17].
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In addition, because language is a tool for communication [1], an influential view is that
the structures of language are shaped by pressures towards efficient communication (See [18]
for a review), where the notion “efficiency” has been used in two kinds of ways. One sense of
efficiency is to partition a meaning space into words such that language users can convey
meanings accurately with only a few distinct words to memorize. Many studies have been
conducted on how different languages label colors (e.g. [19-22]). For example, Zaslavsky et al.
[21] formulated efficiency as optimal trade-off between two competing pressures: informativity
and simplicity. A maximally informative color system requires a unique name for each
humanly distinguishable color, which will result in millions of color words to memorize and
use. Meanwhile, in a maximally simple color system, all possible colors are labeled by the
same word, which is not informative at all. Zaslavsky et al. [21| showed that attested color
systems achieve maximal informativity, given a complexity. In addition to color systems,
studies applying such a framework on other semantic domains also yielded the same results:
kinship systems [23], personal pronouns [24], tense [25], modal verbs [26], and numerals [27].

According to the second sense of efficiency, language users minimize production and
comprehension difficulty. One metric of processing difficulty is the length of syntactic
dependencies [28]. The meaning of a sentence is formed by its syntactic dependencies: the
connections between words to give rise to compositional meanings. Dependency length
measures how far apart words are when they combine to form meanings. It is easier for the
producer and comprehender if the words that combine meanings are close together, as longer
dependencies add to production and comprehension cost [29]. Indeed, many studies (e.g.
[28,30-34]) have shown that languages prefer structures that minimize dependency length.

How does communicative efficiency emerge? It has been proposed that efficiency emerges
from an organic process, as if languages were shaped by an “invisible hand” [35]: a language
user chooses the less costly form if multiple forms can express the same meaning [36]. For
example, in a context where a long word is predictable from context, speakers tend to
articulate a shorter form of the word, such as saying “math” instead of “mathematics” [37|. If
many language users make the same choice, the less costly form may become conventionalized
in a language. Iterative-learning experiments have been used to study how features of
languages get conventionalized in artificial languages (e.g. [38-40]). Participants in [40]
were asked to learn an artificial language where both word order and cases were required
to mark the agent and the patient, but after several iterations, participants became less
likely to produce case markings, since word order alone was already sufficient to convey the
information.

The mechanism towards efficient communication is organic: each speaker does not have
the overall goal of maximizing communicative efficiency in their mind. It is also individual:
each speaker independently favors a less costly form when it conveys a similar meaning.
However, we are not just a collection of individuals; instead, we live in societies, which are
kept in order by various institutions. These institutions operate in a top-down manner, and
each of them has an explicit goal. For example, in the US, the Internal Revenue Service
was established to collect taxes, and the Environmental Protection Agency was set up to
protect the environment. They also operate beyond an individual level, by establishing rules
that people are expected to follow, regardless of their preferences. Language is one domain
where the two mechanisms can come into conflict, as there are language users spontaneously
choosing how to express their meanings, as well as institutions that may prescribe how people
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speak, according to objectives unrelated to communicative efficiency.

In this thesis, we ask: to what extent can the bottom-up mechanism towards communica-
tive efficiency withstand the top-down institutional pressures? We focus on the institutional
pressure implemented in the form of policies. Many policies are being implemented in order
to make rules in various aspects of our lives. For instance, some policies are intended to
lay out how much tax should be collected from everyone in order to pay for public services.
Notably, there are policies that have been carried out that have impact on how languages
are used. For example, after the French Revolution in 1789, the dialect of French spoken in
Paris was made the standard French, which became the language of education, in place of
other languages spoken in France such as Occitan. A second example comes from Tiirkiye in
1928, where a reform was implemented to introduce a new writing system, and as a result,
Turkish changed from being written in an Arabic-based script to a Latin-based script. While
many studies have been conducted on how language policies interact with factors such as
literacy rates (e.g. [41]), it still remains unclear on how such policies can potentially affect
the communicative efficiency of a language. After policies are implemented, can language
users still continue to find less costly ways to express the same meaning, or will the policies
restrict their abilities to do so?

Specifically, here we study two policies that affected how language is used. The first
policy regulates personal names. Historically, across cultures, personal names were flexible
and context-dependent: the same person “John” may have been called “John Smith” or “John
Short” so that he could be distinguished from other John’s who were bakers or were tall [42,43).
Later, in order to better collect taxes and account for properties, governments in the West
passed laws to make the second part of the name hereditary: for example, the descendants
of “John Smith” all carried the name “Smith” as their second part of the name, regardless
of their occupations. The second policy attempts to simplify legal language. Throughout
history, laws have been subject to numerous complaints on how hard they are to understand
[44-48]. As a result, many governments have tried to make laws easier to understand, such
as the British Parliament in the 1850s [44] and the U.S. government in the 1970s [47].

How have these policies affected the communicative efficiency of language? This thesis
provides three preliminary results. First, in Chapter 2, we investigated a baseline case: how
systems of spatial demonstratives (i.e. “here” and “from there”) vary across languages
by pressure towards communicative efficiency. Some languages have simple systems, only
differentiating distances; in contrast, other languages have more complex systems, differ-
entiating both distances and orientations (e.g. “to”, “at”, “from” a location). Using tools
from information theory and a database of 200 genealogically and geographically diverse
languages, we show that among all the theoretically possible spatial demonstrative systems,
those adopted by real languages lie near an efficient frontier, balancing between two competing
communicative pressures: informativity and complexity. Moreover, languages also vary in
the relative weight they place on informativity and complexity.

Then, in Chapter 3, we investigate how regulations on personal name systems may have
affected the information structure of names. Despite differences in naming traditions in East
Asia and the West, using census records and historical datasets, we show from an information-
theoretic perspective that East Asian names and Western names historically shared a similar
structure: the name appearing first (e.g. “Chen”, “Franklin”) is less informative than the name
appearing second (e.g. “Sihan”, “Roosevelt”). This way enables a large number of individuals
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to be distinguished, without needing a large number of names. Such information structure
also allows full usage of the communication channel. However, regulations in these societies
transformed different parts of the names into hereditary patronyms: the first name in East
Asia and the second name in the West. We show how these changes altered such efficient
information structure of names in order to keep distinguishing a large number of individuals
possible. In scientific publishing, following the Western conventions, authors are indexed by
their given name initials and hereditary patronyms. While such a practice makes sense for
Western authors, it undermines the distinguishability of East Asian authors by compressing
the more informative given names into initials.

Finally, in Chapter 4, we study the effectiveness of government efforts to simplify legal
language. American legal texts are notoriously difficult to understand, largely due to complex
sentence structures. What is the origin of such complexity? Is it possible to make American
laws simpler to read? In this chapter, we hypothesized the complex meanings that laws
need to convey naturally lead to complex grammar. To evaluate this hypothesis, drawing on
corpora from the 7th century Tang Code, we examined linguistic complexity of legal texts in
ancient China, which were created independently of the laws in Western civilizations. We
found that classical Chinese legalese exhibits substantially greater grammatical complexity
(longer inter-word dependencies) than non-legalese texts from the same time period, which
suggests that the complexity may stem from the complexity of the intended meanings. Then,
we analyzed linguistic complexity of legal texts in modern China, which went through a
drastic change from ancient China in legal traditions in the early 20th century. Our analysis of
modern Chinese legalese texts shows that grammatical complexity is much reduced compared
to both the Tang Code and to modern American English legalese. This reduced complexity
is likely due to modern-day Chinese lawmakers adopting alternative drafting strategies aimed
at reducing syntactic complexity while conveying the same meaning, by breaking down single
sentences into multiple simpler clauses. This is possibly a result of the Chinese government’s
broader effort to make Chinese more accessible to the general public.
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Chapter 2

An information-theoretic approach to the
typology of spatial demonstratives

Note This chapter is adapted from the following publication (published under a CC-BY-4.0
license):

Chen, S., Futrell, R., & Mahowald, K. (2023). An information-theoretic approach to the
typology of spatial demonstratives. Cognition, 240, 105505.

Abstract We explore systems of spatial deictic words (such as ‘here’ and ‘there’) from the
perspective of communicative efficiency using typological data from over 200 languages [49].
We argue from an information-theoretic perspective that spatial deictic systems balance
informativity and complexity in the sense of the Information Bottleneck [21,50]. We find
that under an appropriate choice of cost function and need probability over meanings, among
all the 21,146 theoretically possible spatial deictic systems, those adopted by real languages
lie near an efficient frontier of informativity and complexity. Moreover, we find that the
conditions that the need probability and the cost function need to satisfy for this result are
consistent with the cognitive science literature on spatial cognition, especially regarding the
source—goal asymmetry. We further show that the typological data are better explained by
introducing a notion of consistency into the Information Bottleneck framework, which is
jointly optimized along with informativity and complexity.

2.1 Introduction

When Shakespeare’s Hotspur says “Whither I go, thither shall you go too,” he’s using whither
as an interrogative meaning “to where” and thither as a spatial demonstrative meaning “to
there.” When Edgar in King Lear says “Men must endure / Their going hence, even as
their coming hither,” hence means “from here” and hither “to here.” This suite of spatial
demonstrative (here, hither, hence, there, thither, thence, where, whither, whence) is largely
lost in modern English—aside from here and there, some specialized use cases, and some
fossilized expressions like “hither and yon” and “henceforth.” English speakers now use there
both to refer to a static location and for the “to” directional meaning. That is, one says “I
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was going there,” not “I was going to there.” In effect, the old meaning of thither has been
entirely subsumed under the auspices of the word there.

Spatial demonstrative systems are a source of cross-linguistic variation [49,51-53] and
have been studied as part of a broader body of work exploring how cross-linguistic variation
affects, and is affected by, spatial cognition across cultures [54—60]. Some languages have more
complex spatial demonstrative systems than others. Whereas English has only two levels to
reflect distance in spatial demonstrative (here and there), Spanish has aqui (here), ahi (there,
close by), alli (there, medium distance), and alld (there, far away). Other languages, like
Malagasy, have systems that draw distinctions between spatial locations in which an item is
visible or invisible. For instance, the suffix -éto is used to mean “here” when the object is
visible but -ato when it is invisible. Moreover, some languages define spatial words in terms
of landmarks (mountains, rivers, etc.), whereas others define space in terms of people (e.g.,
here means near the speaker and there means near the hearer), whereas others define spatial
words in reference to a hypothetical “deictic center” [51], meaning what constitutes here and
there varies based on the imagined center of the particular discourse.

Why should languages converge on similar solutions? At the same time: why should
some languages have more complicated spatial word systems than others? We argue that
this convergence is an instance of a general functional pressure for efficiency in language
[18,61]. We argue that as in other semantic domains [e.g., 19,22,25,62-65], there is a tradeoff
between complexity and informativity. This tradeoff can be quantified using the information
bottleneck [22,50,66,67]. Drawing on a typological database of spatial demonstratives across
languages [49], we undertake an information-theoretic analysis of the cross-linguistic variation
of place demonstrative systems across 5 major world regions.

To study the communicative efficiency of spatial demonstratives, we have to make a
number of assumptions about both the world and about language users. Specifically, we have
to estimate quantities like: How often do people refer to items that are close as opposed to
far away? How often do people talk about where things were, as opposed to where they are
going? How costly is it to confuse a word like “here” with a word like “there”, as opposed to
confusing a word like “here” with a word like “hence” (“from here”)?

Here, we ask whether spatial demonstrative systems are optimized relative to statistical
baselines and, if so, what assumptions must hold for that to be true. To fully characterize
spatial demonstratives of the world’s languages, we show that we must account for something
not previously dealt with in information bottleneck work: a preference for consistency
in paradigms. Introducing a notion of consistency, we show that a number of plausible,
communicatively efficient systems are ruled out because they lack the consistency that
characterizes real-world systems. We also show that, in an efficiency-based theory, the strong
source/goal asymmetry found in many natural languages does not appear to originate from
usage frequency, but rather from a stronger communicative penalty for confusing source
words with place words than for confusing goal words with place words, this pattern emerges.
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2.2 Background

2.2.1 Background on spatial demonstrative

The elements of language that we are concerned with are the class of deictic expressions
used for space: meanings like HERE and THERE—which are closely related to deictic spatial
interrogatives (e.g., where/whether /whence) and to deictic demonstratives (e.g., this/that/the-
se/those) [68-81]. While there has been considerable work on and debate about what it
means to be a deictic expression, it is generally agreed that deictic are sensitive to context
and involve joint attention between the communicators [74,75].

Although these words may be naively interpreted in terms of referring to configurations in
actual physical space, a variety of evidence from discourse analysis and experiments [69,73,82]
suggests that they rather refer to positions within a subjective space defined by a particular
discourse and in particular the body of the speaker (but see [83] for arguments against the
body-centered view, a position going back to [81]). An important part of this position is
that attention in a physical scene (e.g., eye gaze, pointing) has a major effect on the deictic
expressions used [84,85]. And, when physical expressions are less available, deictic language
is affected [85-87].

This body of work has also shown a particularly prominent boundary between the more
proximal levels and all other distal levels, perhaps because the more proximal language refers
in particular to that which is within reach [69,73,88,89].

For our purposes, we use a notion of distance to formalize the meanings underlying deictic
words. But this distance need not be thought of as a purely physical distance, but can instead
represent the subjective distance between distal levels.

Following [52] and [49], we define the notion of “spatial deictic demonstratives” as ex-
pressions that encode relative spatial properties. Many of these expressions are adverbs (e.g.
here, there in English; odavde in Serbo-Croatian), but can also be adpositional phrases (e.g.
from here in English; cdng zhé I in Mandarin Chinese). The spatial relation encoded in these
expressions can be divided into 2 dimensions: distal level—the distance of the referent with
respect to the speaker, listener, or both, and orientation—the relative movement of the
referent with respect to that deictic level. The key orientations we consider include PLACE,
in which the referent is at a given distal level (e.g., here, there), GOAL, in which the referent
is moving towards a distal level (e.g., hither and thither in archaic English), and SOURCE
(e.g., hence and thence), in which the referent is moving from a distal level. We will discuss
each of these 2 dimensions in detail below.

In Table 2.1, we show examples for two languages (English and Maltese) which, despite
having very different words, have similar deictic systems. Both Maltese and English share
the same strategy to partition the 3-by-3 meaning space using these terms: they use one
term to represent D1-PLACE and D1-GOAL (the word ‘here’ in English), one term for PLACE
and GOAL in both D2 and D3 (the word ‘there’ in English), one term only for D1-SOURCE
(‘from here’), and one term for SOURCE in both D2 and D3 (‘from there’).

Variation of distal levels in demonstrative systems Much work on typological deixis
[49,52,68,90] draws a distinction between person-oriented and deictic-center-oriented systems.
A deictic-oriented system posits a deictic center around which the conversation is centered
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Table 2.1: English (left) and Maltese (right)) spatial demonstratives

goal | place | source goal | place | source
D3 | there | there | from there D3 | hemm | hemm | minn hemm
D2 | there | there | from there D2 | hemm | hemm | minn hemm
D1 | here | here from here D1 | hawn | hawn | minn hawn

and that which is proximal is proximal to that center. Other systems are based more clearly
on the position of the listeners. For instance, in Tagalog, “dito” is used when the referent
is at a position near the speaker; “diyan” is used if the referent is at a position near the
listener; and “doon” is used when the referent is far from both the speaker and the listener.
[74] complicates this picture, showing that systems with more than 2 deictic levels can have
more complicated relationships with the position of the speaker and listener.

Moreover, some languages (e.g., Khwarshi, a language spoken in the Caucasus) use a
combination of modalities. Different words are used if the referent is close by in general, close
to the speaker, close to the listener, far away in general, far away from the speaker, and far
away from the listener, respectively. The word also takes different forms depending on the
grammatical genders. There are various other ways to categorize distal levels based on spatial
and geographic features, such as altitude, upstream/downstream of a river, and visibility. We
leave it to future work to incorporate speaker /listener systems and more geographic-based
systems into this modeling framework.

For simplicity, we focus our analysis here on deictic-centric systems as categorized by [49],
in which spatial demonstratives are used relative to an imagined deictic center. Note that, by
shoehorning all such systems into the same modeling framework, we are necessarily collapsing
over meaningful variation that exists among languages which are “deictic-centered”. In future
work, we believe it will be possible to more richly incorporate speaker/listener systems into
this framework, as well as variation among languages on these dimensions.

Orientation: Place, Goal, and Source In these spatial demonstrative systems, the form
most likely to be formally marked is the SOURCE form (e.g., “from here”, “from there”). When
there is syncretism, it is most likely to be between PLACE and GOAL, or between all three.
This pattern is not limited to just spatial demonstratives: across domains, languages tend
to be more likely to mark sources than goals [91-95|. [96] gives a diachronic overview of
how this played out historically in Greek, where goal markers were lost earlier than source
markers. This pattern may fall out of a more general asymmetry between movement from a
source and movement towards a goal.

There is robust evidence of a relationship between linguistic spatial reference systems
and cognitive ones [51,54,56,97-102]. Thus, the linguistic distinction is likely related to the
fact that humans have an overall cognitive bias towards goals, as opposed to sources. They
describe goals with more fine-grained distinctions [103,104], and, in experiments, are more
likely to focus on goal-directed movement than source movement [92,105,106]. Children in
particular seem to display a strong goal bias [107] and overextend goal-directed meanings
(e.g., assuming “weed the garden” means putting weeds into the garden, even when that
contradicts evidence from world knowledge [108]). Children also seem to produce GOAL
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markers earlier than SOURCE markers (See [108], for Greek and English, [109] for Hungarian,
and [110] for Hebrew).

Nikitina [93|, drawing on cross-linguistic evidence, suggests that “the meaning of Goal
seems to be ‘closer’ to the meaning of Place than to the meaning of Source.” In our work, we
operationalize this by placing PLACE, GOAL, and SOURCE on a line, with GOAL and SOURCE
as endpoints and with PLACE in the middle; we find that this configuration gives the best fit to
the typological data. But, as Nikitina [93| notes, there is an asymmetry. Do et al. [111] show
that, although goals are conceptually privileged, the frequency of source mentions increases
when source is not in the common ground. Thus, there are likely pragmatic/communicative
factors that underlie the source/goal asymmetry, while Chen et al. [112]| points out that the
asymmetry might be due to an online attention bias, because it seems both SOURCE and
GOAL are encoded in memory.

Does this mean that there is, in general, a greater penalty for confusing source words
with place/goal words than for confusing place and goal? Or does the pattern fall out of the
empirical need probability of discussing source events (which are, overall, less likely than goal
events)? This is a question we address using the Information Bottleneck approach: whether
the observed distribution of spatial adverb paradigms across languages can be explained
merely by the prior probability of the various categories or whether there is evidence for a
cognitive cost that differentially penalizes confusing source words with place words.

2.2.2 Past work on the efficient structure of semantic spaces

A large body of work has explored the way that languages efficiently break up semantic
categories. This work typically quantifies a trade-off between complexity and informativity—
earlier by measuring complexity and informativity explicitly [20] and, more recently, through
the information bottleneck [22,50,66,67|. There is strong evidence that languages efficiently
navigate this tradeoff by being maximally informative, given the complexity of the system.

One rich domain for these explorations has been color words [16,19,21]. Some languages
have more color words than others, with more precise boundaries. As a result, these languages
can more precisely pick out particular parts of the color space. But that precision comes at a
cost: greater complexity. If languages are efficient, there should be no languages that have
more complex color systems but have less precision. And, broadly, this seems to be the case.

Through typological comparison, it has been shown that there is efficient structure in the
semantic spaces of kinship terms [23], numerals [27], names of animals [64], and season words
[65]. There has also been work showing evidence for efficient structure in the organization
of various grammatical systems, including indefinite pronouns [113], tense systems [25,63],
quantifiers [114], and person systems [24].

2.2.3 Typological database

We use a database of spatial demonstratives that appears in [49]. Their work’s methodology
draws on [52|, which explores spatial interrogatives (e.g., where, whither, whence) typologically.
Nintemann et al. [49] report on the spatial demonstrative systems of languages across 5 major
world regions (Africa, Americas, Asia, Europe, Oceania), drawing on reference grammars for
the majority of evidence. For each language, they report the wordforms for each relevant
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distal level and by place, goal, and source. They also annotate whether the system has simple
distal levels (e.g., proximal, medial, distal) or if it further sub-divides the spatial system
along other dimensions, such as visible/invisible.

Nintemann et al. [49] were interested, in part, in comparing the spatial demonstrative
system to the spatial interrogative system. Because we are primarily interested in the
structure of the spatial demonstrative system, we do not consider the spatial interrogative
system. Nintemann et al. [49] test several hypotheses in their work, focusing in particular on
syncretism in orientations: that is, whether and how different orientations are referred to by
the same form.

Nintemann et al. [49] use the following schema for identifying syncretism in the spatial
demonstrative system:

1. P£G#S
2. P=G#S
3. PAG=S
4. P=S+G
5. P=G=38

In the list above, an equal sign indicates that the two orientations on both sides of the
sign are referred to by the same demonstrative. For instance, P = G # S means that Place
(P) and Goal (G) are referred to by the same demonstrative, but not Source (S) and Goal
(G). For example, in English, ‘here’ can refer to both ‘at here’ (Place) and ‘to here’ (Goal),
but ‘from here’ only refers to Source.

Nintemann et al. [49] hypothesize that languages employ the same syncretism pattern in
spatial demonstratives across different distal levels. For instance, if a language has syncretism
for Place and Goal at one distal level, it tends to also have syncretism at other distal levels.
We will address this prediction and its relation to framework in Section 2.6.1. They also
hypothesize that most languages employ one of three syncretism patterns: using the same
demonstrative for all orientations (Pattern 5 above), using different demonstratives for all
orientations (Pattern 1 above), or using the same demonstrative for Place and Goal but
another for Source (Pattern 2 above). As a third hypothesis, they offer that there is a rise in
length of forms from Place via Goal to Source.

We argue that certain of these hypotheses fall out of information-theoretic motivations and
can be tested using our framework. The last of these, that construction length rises from Place
to Goal to Source, falls straightforwardly out of the general relationship between frequency
and length [115,116] and, because Nintemann et al. [49] show this relationship robustly in
their work, we do not focus on it here. But we note that this pattern is broadly consistent
with communicatively efficient patterns. We focus on two key hypotheses: that certain
paradigms are much more common across languages than others and that languages prefer
consistency in their syncretism patterns within spatial demonstratives. This second point,
which we refer to as consistency, requires an additional step beyond the pure information
bottleneck approach that we develop in Section 2.6.1.

Below, we re-formulate these hypotheses into two key factors that we aim to explain using
an information-theoretic approach.
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Orientation Syncretism Patterns As mentioned above, the third hypothesis states that
Patterns 1, 2, and 5 are widely attested in world languages. It is indeed the case in [49]: it is
common for languages to have a three-way split between Place, Goal, and Source (Pattern 1),
common to have no split (Pattern 5), and common for syncretism between Place and Goal
with Source marked separately (Pattern 2). Meanwhile, it is rare for there to be syncretism
between source and goal (with place as an outlier) or between source and place (with goal as
an outlier). In spite of being rare, they are indeed attested in [49]: Balese for Pattern 3, and
Northern Saami for Pattern 4. We show that in the information bottleneck approach, if a
language values informativity more compared with complexity, Pattern 1 emerges, whereas if
a language values complexity more than informativity, Pattern 5 emerges. Pattern 2 is likely
to stem from the cognitive phenomenon of source-goal asymmetry mentioned in previous
sections and operationalized here as a higher penalty for confusing Place and Source than for
confusing Place and Goal.

Consistency The second hypothesis states that the same syncretism pattern is likely
to occur in both near distals and far distals. That is, it is unlikely (but not impossible)
to be the case that a language follows one pattern (e.g., P = G = S) in the near distals
and another pattern (e.g., P # G = S) in the far distals. We show that the information
bottleneck approach, as currently proposed, does not necessarily lead to this result. Thus, in
our third experiment, we propose adding a consistency component to the system. By adding
a preference for consistency, this pattern emerges.

2.3 Information-theoretic formulation

We aim to model spatial demonstratives using the Information Bottleneck (IB) framework
which was introduced into linguistics by [21]. The IB model has its ultimate origins in the
physics literature [50] and is a special case of the general theory of lossy compression [117-119].
In this section, we review the framework and how we will apply it to our domain. We also
discuss a number of extensions to the Information Bottleneck that will prove necessary to get
an adequate model of the typological data.

2.3.1 Basic information bottleneck

Applied to natural language, the Information Bottleneck is a model of a communicative
system: a mapping from mental representations of meaning to discrete forms. These discrete
forms may be distinguished from each other by syntactic, morphological, or lexical means.
On its own, the Information Bottleneck fundamentally provides a model of what distinctions
are made without specifying how they are made.

The Information Bottleneck formalizes the intuition that an ‘optimal’ communicative
system balances informativity on one hand with complexity on the other. Schematically, an
optimal system should minimize an objective function of the form:

Complexity — - Informativity, [2.1]
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where [ is a scalar value that determines how much a unit of Complexity should be traded
off with a unit of Informativity. The scalar 5 can be seen as a conversion factor that converts
Informativity into a common currency with Complexity. The meaning of Eq. 2.1 is that
languages minimize Complexity and maximize Informativity.

The Information Bottleneck allows us to give precise definitions for both Informativity and
Complexity in terms of information theory. Thus, it allows us (1) to evaluate the comparative
optimality of real systems, by plugging them into Eq. 2.1, and (2) to derive mathematically
optimal systems to which real systems can be compared, by finding minima of Eq. 2.1. The
key information-theoretic concept behind the IB framework is mutual information, defined
below.

Mutual information Both the Informativity and Complexity terms in the IB framework
will be defined in terms of mutual information: a statistical quantity that gives the most
general measure of dependence between two random variables [120]. Given two random
variables X and Y, the mutual information between X and Y is an average log-likelihood

ratio:
XY =5 pla,y)log pylo) 12.2]

p(y)

where the x and y are possible values of the random variables X and Y respectively.

Intuitively, Eq. 2.2 quantifies how much the uncertainty about Y decreases when you know
the value of X. When X and Y are independent—such that knowing X gives no information
at all about Y—their mutual information is zero. The more dependent they are on each
other, the higher their mutual information. As we will see below, mutual information admits
a number of different interpretations, allowing it to serve both as a measure of Informativity
and Complexity when applied to different variables.

Mathematical setup Following the convention of [21], we define the information bottleneck
using three random variables:

1. U, a random variable over world states. In the case of deictic demonstratives, a world
state is a pair (r,0) of a distal level r, consisting of one of a set of D discrete distal
levels, and orientation 6, consisting of one of PLACE, GOAL, and SOURCE. Thus, there
are 3 x D world states. In this work we set the number of distal levels to D = 3.! The
world state may refer to an objective physical space, or to a shared subjective space
within a discourse.

2. M, a random variable over meanings: mental representations of world states. Each
meaning corresponds to a distribution on world states, parameterized as below in
Section 2.3.2. We assume that the relationship between world states and meanings is
fixed and independent of language; presumably it is set by perceptual systems that
map between world states and mental representations.

'In order to model actual world states, the distal levels r should likely vary continuously. We use a discrete
number of distal levels for mathematical tractability.
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3. W, a random variable over discrete words. A communicative system ¢ consists of a
stochastic mapping from meanings to words:

q: M — W,

or equivalently a conditional distribution ¢(w|m) on words given meanings. The
Information Bottleneck allows us to derive optimal systems ¢ for a given M and U.

Following previous work [21]|, we assume that the ‘need distribution’ on meanings p(m)
and the conditional distribution on world states given meanings p(u|m)—which reflects
the perceptual relationship between cognitive meanings and world states—are fixed across
languages. In reality, different cultural or geographic constraints may mean that the need
distribution is not fixed across languages. Indeed, at least in the domain of color, studies
such as [121] do suggest the need distribution varies across languages, and such variations
seem to be related to geographic location and ecologic region. We leave it to future work to
incorporate these differences into this approach.

Given this setting, the IB optimality of a system ¢ with respect to meanings M and world
states U is the difference of mutual information.

Jilg =1[M W] =3 1I[W:U] . [2.3]

Complexity Informativity

In the equation, the mutual information between words and world states I[W : U] plays the
role of Informativity, while the mutual information between meanings and words 1[M : W]
plays the role of Complexity. Below, we review the meanings and motivations for these terms.

Motivation: Informativity The Informativity term uses the interpretation of mutual
information as quantifying the amount of information contained in one variable about another.
In this case, it gives the amount of information in the word W about the world state U.
This interpretation is valid because mutual information quantifies the average reduction in
uncertainty about the world state U that happens upon observation of a word W.

Motivation: Complexity The complexity of a system, on the other hand, is defined using
the mutual information of meanings and words. In its appearance here, mutual information
represents the complexity of the mapping between meanings and words. It can be interpreted
the number of distinctions about meaning encoded in the system.

Mutual information has been used in this sense in neuroscience as a general measure
of complexity for action policies, that is, mappings from states to actions as implemented
by agents (See [lai2021policy,122] for a review). It correlates with empirical measures of
cognitive effort [123], and plays a role in models of the complexity of language production
[124]. Under this measure, a communicative system has complexity 0 when all meanings are
mapped to a single word—in that case, no computation at all is required to specify the word.
A system has maximal complexity when each meaning is mapped to an individual unique
word (See Figure 2.1 for an illustration).

In the plain Information Bottleneck, complexity is quantified only by mutual information
between meanings and words. However, it is possible that a more complete theory of
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Figure 2.1: An illustration of the complexity-informativity tradeoff. The horizontal axes
indicate the orientation (PLACE/GOAL/SOURCE distinctions. The vertical axes indicate the
distal level. Each color represents a word. Left: a system with maximal informativity. In
this case, each meaning has its own unique word. For a listener, there will be no confusion
on what a speaker means when she utters a word. However, this system is also maximally
complex, as it contains a total of 9 words. Right: a system with maximal simplicity (or
minimal complexity). In this case, all 9 meanings are expressed by only 1 word. This system
is the simplest but also the least informative.

communicative systems in natural language will require some more elaborate notion of
complexity. Below, we will see that there is evidence that a full model of deictic words will
require further constraints on nondeterminism and consistency, which can be implemented
as an additional terms in an extended optimization objective.

Notion of optimality We study the optimality of systems where optimality is defined
using Eq. 2.3. This is a multi-objective optimization problem, meaning that multiple
notions of optimality (informativity and complexity) are being optimized simultaneously.
Furthermore, since informativity and complexity are related to each other mathematically,
they trade off with each other. In particular, informativity is upper bounded by complexity:

[W.U] <I[M: W],

—— S———

Informativity Complexity
so it is not possible to achieve arbitrarily high informativity with a system of low complexity.
Essentially, by maximizing the mutual information of words and world states while minimizing
the mutual information of meanings and words, we are finding a system which encodes only
those distinctions of meaning which are relevant for distinguishing world states.

When we plot a space defined by informativity and complexity, as we will do in Fig. 2.5,
we see two regions: (1) an achievable region of possible systems below the black line, and
(2) an unachievable region above the black line where there is no possible system ¢ that
simultaneously achieves the given value of informativity and complexity. The black line
between these regions is the efficient frontier, defining a set of systems which are the best
possible within the bounds of what is achievable in terms of IB optimality.
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2.3.2 Parameterization

Summarizing the above, an Information Bottleneck model of a communicative system requires
that we formulate two distributions: (1) a prior distribution on meanings p(m) indicating how
often a speaker needs to express a meaning, and (2) a conditional distribution on world states
given meanings p(u | m). We can then study the optimality of different systems q(w | m).

Need distribution p(m) We model the set of possible meanings using a three-way dis-
tinction of orientation (place vs. goal vs. source) and a three-way distinction of distance
(proximal, distal, and far-distal), giving 3 x 3 = 9 total possible meanings.

We set the prior probabilities on meanings p(m) empirically, estimating the probability of
each meaning p(m) from the frequencies of the corresponding words in Finnish in Lexiteria.?
We use these word frequencies because Finnish has a full unambiguous 3 x 3 distinction
in its deictic words. In particular, it does not have syncretism of place and goal. The
resulting probabilities are shown in Table 2.2. We use Finnish data in our main analyses for
convenience, but it should not be assumed that the distribution of these terms will be the
same across languages as they are in Finnish. The particular choice of our prior is not crucial
to our findings, as discussed below, where we compare among priors.

goal place source
D3 | tuonne 0.073 | tuolla 0.030 | tuolta 0.006
D2 | sinne 0.185 siella 0.072 | sielta 0.017
D1 | tdnne 0.393 | taalla 0.160 | taalta 0.065

Table 2.2: The need distribution p(m) based on spatial deictic demonstrative frequency in
Finnish, provided along with the actual spatial demonstratives.

Conditional distribution on world states p(u | m) A world state is a tuple of a distance
d and an orientation n. We model the distribution on world states conditional on meanings
using cost functions which define a cost for confusing one distance d with another distance
d’, or one orientation n with another orientation n’.

The cost for confusing distances d and d’ is simply the absolute value of the difference
between them:

Caar = |d — d.

The cost for confusing two orientations n and n’ is given by three cost values Cpg, Cpg,
and Cgs which are non-negative real numbers that define the cost for confusing place and
goal, place and source, and goal and source respectively:

[2.4]

0 ifn=n'
oo, Cpe if n = place and n’ = goal or vice versa
GO Cps if n = place and n’ = source or vice versa
Cgs if n = goal and n’ = source or vice versa.

Zhttps:/ /lexiteria.com/word _frequency list.html
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Parameter Meaning

16 Tradeoff between informativity and complexity
o Decay in p(u|m)

Crc Cost for confusing PLACE and GOAL

Cpg Cost for confusing PLACE and SOURCE

Cag Cost for confusing GOAL and SOURCE

Table 2.3: Free parameters of the information bottleneck and our model of the semantic
domain of spatial demonstratives.

In addition, we have the constraint that the three cost values fall on a line (that is, the
maximal cost of the three must be equal to the sum of the smaller two). We experiment with
different values for the orientation costs in Experiment 2.

Finally, the costs are combined to form the probability distribution on world states given
meanings using exponential decay with a decay rate parameter pu:

p(u | m) oc pCaaTCnnr, [2.5]

This means that a meaning m which corresponds to distance d and orientation n will give
probability primarily to world states with matching d’ and n’, and also to other world states
that are similar in distance and orientation. A sample distribution p(u | m) under two
different decay parameters is illustrated in Figure 2.2.

Summary of parameters Table 2.3 shows the free parameters of the model. The need
distribution p(m) has additional parameters which are set empirically.

2.3.3 Generalizing the Information Bottleneck with Further Con-
straints

In order to model spatial demonstratives, the simple Complexity constraint of the basic
Information Bottleneck will not be enough. This is for a combination of reasons involving
the way that spatial demonstrative data is coded, as well as genuine linguistic phenomena
that depart from the predictions of the basic Information Bottleneck.

Determinism The Information Bottleneck generally predicts that optimal systems are
nondeterministic: the mapping from a meaning to a word is a probabilistic function. This
is an advantage in the case of semantic domains such as color words, where the mapping
from perceptual space to color categories is indeed nondeterministic both across and within
speakers: many speakers are unable to produce consistent color names for regions ‘on the
boundary’ between color categories, and this variability is reflected straightforwardly in data
sources such as the World Color Survey which give trial-level information on color labels
provided by participants to color stimuli [125].

In the case of spatial demonstratives, however, the available data sources such as [49|
provide only the mapping from distal levels and orientations to words. While in many
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Figure 2.2: Sample distributions of world states U (in z- and y-axes), conditioned on meaning
M (in each facet), when the decay parameter p = 0.1 (top) and p = 0.3 (bottom). The color
represents the conditional probability, from 0 (bright) to 1 (dark). Values in each facet sum
to 1.
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cases this is a nondeterministic one-to-many mapping, we do not have data from which we
could estimate the probability of using one particular word given one particular location
described. The general IB framework does make fine-grained probabilistic predictions about
how words will be used to describe meanings stochastically, but the available data do not
allow these predictions to be tested. We believe that the full probabilistic structure of spatial
demonstrative systems could only be investigated through quantitative experiments with a
highly controlled meaning space.

In order to model the existing categorical descriptions of spatial demonstrative systems,
we introduce a determinism constraint into the IB framework: we constrain systems to
have a deterministic mapping from meanings to words. This Deterministic Information
Bottleneck has been studied in the machine learning literature by [67]. When considering
only deterministic systems, the Information Bottleneck objective reduces to

JDIB = H[W] — B . I[W . U], [26]

where the Complexity term is replaced with the entropy over words produced, H[IV].?

In order to find optimal deterministic systems, we can simply iterate through all the
possible mappings from meanings to words and find the ones that score the highest on Jpig.
The number of all possible unique systems mapping m meanings to words can be calculated
as the Stirling number of the second kind (Sequence A008277 in the Online Encyclopedia of
Integer Sequences, in [126])

For example, the number of possible systems given 9 meanings (3 distal levels and 3
orientations) is 21,146. We enumerate all these systems and compute their respective efficiency
and informativity. Since these are all possible systems under the fixed number of meanings,
the real systems will be a subset of them.

Consistency Another factor that constrains spatial demonstrative systems, but which is
not encompassed in the basic IB framework, is consistency or naturalness [127]. This notion
captures the idea that not all paradigms are equally easy for humans to learn and use, even
if they have similar complexity. In particular, it has been shown that paradigms with various
kinds of similarity in their structure (what are often called “natural patterns”, as in [128-130])
are more common [131,132] and easier to learn [128,133-138|, which has been posited to drive
typological patterns [53,127,133,134,139-142|. These constraints reflect a kind of ‘system
pressure’ which may be distinct from communicative pressures [143].

We operationalize these ideas as consistency. We say a deictic system is consistent
when it has the same pattern of distinctions in each distal level and in each orientation.
For example, in English, the word “here” is used to refer to both “place” and “goal” in the
proximal level; similarly, the word “there” is used to also refer to both “place” and “goal” in
the distal level. In addition, to indicate the orientation SOURCE, at both distal levels, the
preposition “from” is used; similarly, to indicate orientations SOURCE or GOAL, no preposition

3The entropy H[W] = — > p(w)log p(w) represents the uncertainty in the random variable W. The
IB objective reduces to Eq. 2.6 for deterministic systems because (1) the mutual information I[M : W] =
H[W] — H[W | M] and (2) for deterministic systems, H[WW | M| = 0. The DIB objective can also be thought
of as adding another term H[W | M] to the plain IB objective in Eq. 2.3, thus penalizing systems with
nondeterminism [67].
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Figure 2.3: Examples of consistent (left) and inconsistent (right) paradigms. The horizontal
axis indicates the PLACE/SOURCE/GOAL distinctions. The vertical axis denotes the distal
level. English (left) has syncretism for PLACE and SOURCE at all 3 distal levels, whereas a
simulated paradigm (right) does not.

is required. Therefore, English spatial demonstratives are consistent. In contrast, most of the
enumerated deterministic systems are not consistent. An example is shown Figure 2.3: here
the consistent paradigm of English is juxtaposed with a random inconsistent paradigm with
the same number of words.

It is not necessarily the case that optimization of the IB objective will produce consistent
systems. This is because in the 1B framework, complexity of a system is measured using
mutual information, which does not explicitly penalize inconsistency. We will ultimately find
that the attested linguistic systems are best modeled by an extended IB optimization that
includes consistency as an additional constraint.

In order to quantify consistency of real and simulated systems, we introduce a consistency
score, defined as the sum of the number of unique SOURCE / PLACE / GOAL patterns plus
the number of unique distal level patterns in a given language, similar to the enumerative
complexity in [144]. For instance, since English only has the pattern of “ABB” (using the same
word to refer to both PLACE and GOAL) in all deictic levels and “CDD” in all orientations,
English has a consistency score of 2, whereas the simulated system in Figure 2.3 has a
consistency score of 6. Hence, a lower consistency score indicates higher degree of consistency.

We use the consistency score for two purposes: (1) to quantify the actual consistency
of attested system when compared to random simulated systems and to optimal simulated
systems, and (2) to derive optimal systems where consistency is included as an additional
constraint. The (deterministic) IB objective including consistency is

JConsistency - H[W] - 6 : I[W : U] +- S[M : W], [27]

where S[M : W] is the consistency score, and v is a scalar parameter indicating how strongly
inconsistency is penalized. When v = 0, the consistency constraint has no effect. To preview
the results below, we find a good fit to the attested deictic systems with v = 1.
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2.4 Experiment 1: Basic Information Bottleneck

In the first experiment, we compute the information plane for each of the real systems in our
data set, as well as for simulated systems. The information plane plot reveals how close real
deictic systems are to optimal systems as predicted by the basic Information Bottleneck, as
described in Section 2.3.1.

We used the Appendices from [49] in order to construct a machine-readable database of
place demonstratives. We only analyzed languages where spatial demonstratives are used
solely relative to an imaginary deictic center (Section 2.2.1) and left out languages that
employ a speaker /listener-centric system or those that adapt a combination of deictic-centric
and speaker/listener-centric approach. For instance, languages such as English and Maltese
are included in our analysis, whereas languages such as Japanese are not. This left 220
languages for analysis (See Figure 2.4 for the geographical distribution of the 220 languages).

¢
&

= Abkhaz-Adyge s Cariban = Mande = Pama-Nyungan = Timor-Alor-Pantar
= Afro-Asiatic = Central Sudanic = Manubaran = Pano-Tacanan = Totonacan
= Ainu s Chibchan = Mayan = Quechuan = Tucanoan
= Algic = Cochimi-Yuman = Mirndi = Sahaptian = Tungusic

= Angan = Dogon = Miwok-Costanoan = Salishan = Tupian

= Araucanian s Dravidian = Mixe-Zoque = Sepik = Turkic

= Arawakan s Eskimo-Aleut = Nakh-Daghestanian * Sino-Tibetan = Uralic

= Athabaskan-Eyak-Tlingit = Garrwan = Nilotic = Siouan = Uto-Aztecan
= Atlantic-Congo = Hmong-Mien = North Bougainville = Songhay = Yam

= Austroasiatic = Indo-European = North Halmahera * South Bougainville ° Yangmanic
= Austronesian = isolate = Nubian = South Omotic = Yeniseian
= Bookkeeping = Khoe-Kwadi = Nuclear Trans New Guinea = Southern Daly = Yukaghir

= Boran = Koreanic = Nyulnyulan = Ta-Ne-Omotic

= Border = Lencan = Otomanguean = Tai-Kadai

Figure 2.4: Geographic distribution of the 220 languages investigated in this study, generated
in R [145]. Colors denote language families. The coordinates are taken from Glottolog [146].

2.4.1 Data processing

When there are multiple options for a particular cell, we concatenate those options together.
For instance, Distal II in Tok Pisin is “longwe liklik” or “longwe” for each of place, goal, and
source. When we concatenate these together, we see that there is syncretism between place,
goal, and source. In Yuracaré, on the other hand, proximal Place is “ani” and Source is “ani”
or “an=chi.” Because the language has the option to distinguish place and source, we consider
these cells as separate. Note that, for the analysis, all that matters is whether a particular
cell is the same or different from another cell.
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We highlight one coding choice which will have relevance for interpreting our figures:
when a language has fewer than three distal levels, we assume as a convention that the second
distal level encompasses both D2 and D3. This was motivated purely by the need to have a
convention for the representation of two-level languages, and not motivated by any particular
linguistic consideration.

Table 2.4a shows the deictic system for Tamil as presented by [49], and Table 2.4b shows
the same information re-coded, as it is presented to our model: the only thing that matters is
whether a particular form is the same or different to another form in the paradigm. For our
purposes, distinctions of form may be syntactic (involving multiple words) or morphological.

Table 2.4: Tamil place demonstratives (a) and coded demonstratives (b)

goal | place | source goal | place | source
distal angee | angee | angeyrundu distal C C D
proximal | ingee | ingee | ingeyrundu proximal | A A B

2.4.2 Choice of prior and parameters

We set the need distribution over meanings using the frequencies derived from Lexiteria for
Finnish. We chose Finnish because it has canonical separation between three distal levels
and between place/goal /source, with a single word associated with each. We consider a
number of alternative need distributions below, and two alternative corpora besides Lexiteria
in Appendix A.3.

In our main analysis in Section 2.4.3, we first set our maximum number of distal levels to
be 3, decay parameter p to be 0.2, orientation confusion cost C'p and Cpg to be 0.8 and
1.32, respectively. These parameters are selected because they broadly reflect the properties
of attested spatial deictic systems. The maximum number of distal levels are set as 3 because
most of our attested systems have fewer than 3 distinct distal levels. The confusion cost Cpg
is set to be larger than Cpg because of the rich literature on the asymmetry between SOURCE
and GOAL, as discussed in Section 2.2.1. The specific numbers of Cpg and Cpq are fitted to
the data, that is, they are the ones that place the attested systems as close to the optimal
frontier as possible. The choice of decay parameter p does not affect the results for p < 0.7,
as demonstrated in Appendix A.1. Later in Section 3.2.2, we will explore the effect of each
parameter separately and see how they affect the efficiency of attested deictic systems.

2.4.3 Results: Efficient frontier

In Figure 2.5, we plot the information plane for the set of 220 real systems, along with 21,146
random simulated ones. The black line indicates the efficient frontier if we allow the systems
to be non-deterministic. As also pointed out in [21], allowing non-determinism extends the
efficient frontier by offering additional degrees of freedom that can be used to generate more
efficient systems than are available under a deterministic approach. We also calculated the
expected Informativity among simulated systems, under a given Complexity, which is plotted
as the blue dashed line in the figure.
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Figure 2.5: Each colored point on the information plane represents an attested deictic system,
and the gray points represent all the 21,146 hypothetically possible deterministic systems.
The efficient frontier is marked by the black line. The points are jittered to avoid overlap.
The blue dashed line represents the expected informativity among simulated systems given a
complexity. Some languages close to the frontier or far from the frontier are labeled as an
illustration. Since the points are heavily clustered, a zoomed-in view of two of the clusters
are presented in the two panels: spatial deictic systems sharing similar complexity and
informativity of English (left) and Finnish / Fijian (right).

The real systems typically fall close to the optimal frontier, although there are some
exceptions. Of the 220 systems in the sample, only 4 of them have below-expected Informa-
tivity relative to their Complexity (I[M : W]). These languages are Balese, Doromu-Koki,
Bunoge Dogon, and Abau. Balese, the language that falls farthest from optimal on the plot,
is noteworthy for being the only language in [49]’s sample in which goal/source syncretism is
required. Doromu-Koki, Bunoge Dogon, and Abau all have varying degrees of goal /source
syncretism, as well. As we will see in Experiment 2, the reason that these languages appear
sub-optimal is that we assume higher cost for confusing GOAL with SOURCE than for any
other orientation confusion, and so a language with goal/source syncretism is dispreferred.

Relative to the majority of simulated systems, what causes the apparent optimality of real
systems? One major factor is that natural language deictic systems rarely have jumps in distal
levels. That is, a language is unlikely to use the same word for “here” as for “far over there”
but a different word for “there.” From the perspective of our information-theoretic framework,
that makes sense since the cost of confusing meanings which are spatially distant is high.
But the cost of confusing two nearby distal levels is relatively lower. This analysis further
raises the question: which of the parameters in our model are driving these relationships? In
Experiment 2, we undertake a series of explorations to uncover which choice of parameters
would make the real systems appear most optimal.

In addition to asking what makes deictic systems closer to the efficient frontier than the
random systems, we can ask why real deictic systems are often not exactly on the efficient
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frontier. We will take up this question in Section 2.6.1 where we discuss an additional
constraint that appears to be operative in natural language—the constraint of consistency.

2.5 Experiment 2: Exploring factors that affect optimality

Experiment 1 found that natural deictic systems are very often closer to the efficient frontier
than random systems for a particular setting of the IB model parameters. But what drives
these results? Does the apparent efficiency of real systems emerge mostly from assumptions
about the need distribution of the words? Or does it depend more on the cost parameters
that penalize confusing, e.g., place with goal or goal with source? We take up these questions
here.

In order to better characterize how different parameters affect the apparent optimality of
communicative systems, we perform here comprehensive searches through parameter space,
and study how the apparent optimality of systems changes under different parameter settings.
Our goal here is to determine the minimal requirements on the parameters such that natural
languages are well-modeled by the IB optimization.

In order to compare different model configurations, we need a metric for the optimality
of a set of systems under those configurations. With such a metric, we can compare the
score across different sets of parameters. We adopt the metric of a generalized version of
Normalized Information Distance (gNID) proposed in [21]. gNID, bounded by 0 and 1,
reflects the distance between an attested system and the closest optimal system.

As shown in [21], we can match each attested spatial deictic system gy(w|m) representing
language ¢ with an optimal, non-deterministic spatial deictic system gg,(w|m) by finding
the trade-off parameter 8, that minimizes the difference in the efficiency score between the
attested system and the optimal system (Equation 2.8):

B = agmin{(, (W M] = 31, [U: M) = (g [ M) = -1, [U: M) [28]

Then, the gNID between g,(w|m) and gg,(w|m) can be calculated by Equation 2.9, where W
and Wée denote random variables of other possible spatial deictic demonstratives that could
be produced given a meaning m:

_ I[VV[, W/D’e]
max{I[W;, W/, I[Wpg,, Wj |}

The lower gNID an attested system has, the closer it is to the optimal frontier. For
example, Kodiak Alutiiq (see Figure 2.5) has a gNID of 1077, corresponding to the fact
that it lies nearly on the optimal frontier, occupying the point of maximal informativity
and maximal complexity. On the other hand, Balese (see Figure 2.5) has a gNID of 0.446,
corresponding to the fact that it is far away from the optimal frontier.

Using the methods described above, for each set of parameters, we compute the average
gNID over all attested spatial deictic systems and then compare gNID across different sets of
parameters. Below we report how varying each parameter will affect the average gNID, or
the information distance to the optimal frontier, of attested spatial deictic demonstrative
systems.

eNID(WV;, W,) = 1 [2.9]
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Factor 1: PLACE/GOAL/SOURCE Costs First, we can ask about the cost functions for
confusing PLACE, GOAL, and SOURCE. Based on the prior literature, there are two major
claims to consider. First, there is reason to believe that PLACE is intermediate between
GOAL and SOURCE, meaning the penalty for confusing SOURCE and GOAL should be high
[93]. Second, we predict that it is less costly to confuse GOAL with PLACE than to confuse
SOURCE with PLACE. This prediction falls out of the cognitive science literature [103,106,147]
suggesting that source-directed movement tends to be more marked.

Factor 2: Choice of need distribution In Experiment 1, the need distribution p(m) is
based on Finnish word frequency data. The resulting distribution exhibits two important
properties: 1) the frequency decreases as the distal level increases, indicating that we tend to
talk about things happening further away less, and 2) the frequency of PLACE is greater than
the frequency of GOAL, which is itself greater than the frequency of SOURCE. To investigate
the role of the need distribution in our model of deictic systems, we measure the average
gNID among all attested systems under different permutations of the marginal PLACE /
GOAL / SOURCE distribution, while keeping the marginal distal level distribution constant.
For instance, suppose the marginal distribution used in Experiment 1 is p(PLACE) = a,
p(GOAL) = b, and p(SOURCE) = ¢, where a > b > ¢ (henceforth denoted as PLACE >
GOAL > SOURCE). One of the permutations could be SOURCE > PLACE > GOAL, where
p(SOURCE) = a, p(PLACE) = b, and p(GOAL) = c.

2.5.1 Methods

In this analysis, we keep all other parameters identical to those in Experiment 1 and grid
search different combinations of PLACE/GOAL/SOURCE confusion costs and need distribution
permutations.

For the confusion costs, instead of varying Cpg and Cpg, which implicitly assumes the
first claim, we represent PLACE, GOAL, SOURCE as coordinates on a 1D line. Without loss
of generality, we assign the coordinate of PLACE (Cp) as 0. We vary the coordinates of
SOURCE (Cs) and GOAL (Cg) in the interval [—5, 5] and calculate the confusion cost C;; as
Ci; = |C;—Cj|, where i, j € {P,G, S}. Regarding the first claim, in our formulation, if C's and
C¢ have opposite signs, PLACE lies in the middle between SOURCE and GOAL (“place-centric”
henceforth); otherwise, PLACE is said to lie outside SOURCE and GOAL (“place-marginal”
henceforth). For the second claim, if Cps > Cpg, the cost setting is favoring GOAL over
SOURCE, and otherwise, it is favoring SOURCE over GOAL.

Meanwhile, under each permutation of {PLACE / GOAL / SOURCE}, we compute the
average gNID among attested systems. In addition, we also repeat the same analysis with
two additional types of need distributions: a uniform distribution, where each meaning has
an equal need probability (coded as “uniform prior”), and a distribution where we keep the
decay with the distal levels but even out the need distribution within each distal level (coded
as “PLACE = PLACE = PLACE”).
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2.5.2 Results

The results for the major qualitative categories of parameter configurations are shown in
Figure 2.6. Here, the black dots represent the average gNID among attested deictic systems of
a potential arrangement of (Cq, Cs), categorized by which orientation is favored and whether
it is place-centric or place-marginal. The horizontal axis shows the relative coordinates of
PLACE (gray), GOAL (blue), and SOURCE (red) on a number line. Overall, the results show
that the IB model best fits the typological data if 1) PLACE is in the middle of SOURCE
and GOAL, and 2) the cost of confusing PLACE and GOAL is set to be lower than that of
confusing PLACE and SOURCE—both of which patterns have been independently observed
and motivated in the typological and psycholinguistic literature.

The results of permuting the need distribution are shown in Figure 2.7. Interestingly, the
need distribution we encounter in reality, PLACE > GOAL > SOURCE, is the second worst in
terms of optimality and only better than a uniform distribution.

2.5.3 Which matters more: need distribution or PLACE/GOAL/SOURCE
costs?

To summarize, we found that 1) when the cost of confusing PLACE/GOAL/SOURCE with
one another is Cgs > Cpg > Cpg, which is the configuration that reflects the cognitive
bias towards GOAL found in the literature, spatial deictic demonstrative systems attested
in real languages are closest to the optimal frontier; and 2) when the need distribution of
PLACE/GOAL/SOURCE is PLACE > GOAL > SOURCE, which is the configuration demon-
strated in text corpora, spatial deictic demonstrative systems attested in real languages are
merely second to last closest to the optimal frontier, compared with other permutations of
PLACE/GOAL/SOURCE need distributions. This leaves one question open: which factor affects
the average distance to the optimal frontier more? To answer this question, we take the
results from the grid search and perform a Bayesian random-effects regression, using the
brms package [148] and the formula below:

gNID ~ (1 | PLACE/GOAL/SOURCE cost) + (1 | need distribution permutation).  [2.10]

We use a random-effects regression so that separate variances are fit to describe the effects of
need distribution vs. cost configuration.* If the absolute value of random intercept for one
factor is greater than that for another, we can say the former matters more compared with
the latter, since the gNID is affected by the former factor to a greater extent.

The results are shown in Figure A.5. In each facet, a green dot represents the case
where the random intercept of confusion cost is larger than the random intercept of need
distribution orientation, under a combination of the two factors. There are a total of 192,000
data points in the figure, 154,403 of which are green, indicating that in most cases, the
confusion cost affects the optimality of attested spatial demonstrative systems more than the
need distribution. The relatively small effect of the need distribution mirrors the finding in
[21] that color naming systems appear optimal under several choices of need distribution.

4In the model, we set the priors as weakly informative ones, 4 chains, and 2000 iterations per chain,
including 1000 iterations for warming up. To this end, for each combination of the confusion costs and the
need distribution permutation, we obtain 4000 sets of fitted random intercepts for each factor.
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Figure 2.6: Each black point represents the average gNID of attested spatial deictic systems,
in an increasing order, under a (Cg, C's) combination, categorized by the relative position of
Ce (blue dot), Cs (red dot), and Cp (gray dot) on a number line. The error bar represents
95% bootstrapped confidence interval. First column (shaded dark gray, actually observed in
human languages): GOAL favoring, PLACE centric (Cgs > Cps > Cpg); Second column: no
favoring, PLACE centric (Cgs > Cps = Cpg); Third column: GOAL favoring, PLACE marginal
(Cps > Cpg,Cps > Cgs); Fourth column: SOURCE favoring, PLACE centric (Cgs > Cpg >
Cps); Fifth column: SOURCE favoring, PLACE marginal (Cpg > Cpg,Cpg > Cgs); Sixth
column: no favoring, PLACE marginal (Cpg = Cps > Cgs = 0). The results show that if
PLACE is in the middle of SOURCE and GOAL, and the cost of confusing PLACE and GOAL is
set to be lower than that of confusing PLACE and SOURCE (i.e. Cgg > Cpg > Cpg), attested
systems tend to be closer to the optimal frontier. The number shows the p-value in a t-test
comparing the mean for the configuration observed in human languages (dark gray) with
others.

2.5.4 Discussion

Varying the parameters of the IB model, we found that the attested spatial demonstrative
systems behave more similarly to optimal systems predicted by the model when the cost of
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Figure 2.7: Each black point represents the average gNID of attested spatial deictic systems, in
an increasing order, under each need distribution. The error bar represents 95% bootstrapped
confidence interval. First column: GOAL > SOURCE > PLACE; Second column: SOURCE
> GOAL > PLACE; Third column: PLACE > SOURCE > GOAL; Fourth column: SOURCE >
PLACE > GOAL; Fifth column: PLACE = PLACE = PLACE; Sixth column: GOAL > PLACE >
SOURCE; Seventh column: PLACE > GOAL > SOURCE (the actual need distribution); Eighth
column: uniform need distribution. The numbers represent the p-value of a t-test comparing
the mean of PLACE > GOAL > SOURCE with those in other configurations.

confusing SOURCE and GOAL is greater than that of confusing PLACE and SOURCE, which
then is bigger than that of confusing PLACE and GOAL, a realistic constraint reported in
the cognitive science literature. Although another realistic constraint on need distribution
that PLACE is more frequently used than GOAL, which is more frequently used than SOURCE
does not make the attested spatial demonstrative systems behave more similarly to predicted
optimal systems, we demonstrate that the second constraint plays a minor role in affecting
the optimality of attested systems, compared with the first constraint.

Our results also shed light on which model components are more important in terms of
explaining deictic patterns. In particular, the results are relatively invariant to changes in
the need probabilities (with the uniform prior performing better than the place > goal >
source prior), whereas the model fit is dramatically worse when the orientation confusion
costs are misspecified. This finding suggests that the reason for the goal-source asymmetry
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in typology arises from asymmetries in the cost function and not from need probability.

2.6 Experiment 3: Information bottleneck with consis-
tency

In all the simulations above, there often emerge optimal systems that are unlike real systems.
These are not consistent: e.g., they have different PLACE/GOAL/SOURCE paradigms for one
distal level as compared to another. Examples are shown in Figure 2.8.

There are no parameters in our model, nor in prior work on the information bottleneck,
that can account for the fact that these inconsistent paradigms are dispreferred. In this
section, we propose a new framework to account for this preference for consistency within
the IB framework, through the addition of a new constraint.

2.6.1 Consistency

In this section, we examine whether the systems considered optimal under the information
theory framework are the ones actually attested in real languages.

Although the demonstratives in different languages vary, how they are used to encode
different meanings shows some commonality. For example, recall Table 2.1, which lists
the spatial deictic demonstratives in English and Maltese, respectively. They partition the
space in the same way: one word for proximal PLACE and GOAL, one word for distal PLACE
and GOAL, and a separate set of words for conveying SOURCE information. We now call a
particular strategy to partition the meaning space a paradigm. Each simulated system has
only one paradigm, whereas many real systems might share the same paradigm. In fact, the
220 real systems in the database only utilize 34 out of the 21,146 possible paradigms. As we
will demonstrate below, these real paradigms vary in their frequency.

The bottom panel Figure 2.8 shows all the simulated paradigms located on the optimal
frontier. The top panel shows all 5 real paradigms closest to the optimal frontier. Among
the 5 simulated paradigms on the optimal frontier, only three (21119, 21128 and 21145)
are attested in our database. Simulated paradigm 21119 merges PLACE and GOAL in distal
level D3 while keeping other meanings distinct, similar to Bengali and 3 other languages.
Simulated paradigm 21145 gives every meaning its own word, which is the paradigm Fijian
and 49 other languages adopt. Simulated paradigm 21128 gives every meaning its own word
except merging SOURCE in D2 and D3. The other 2 simulated paradigms are not attested.
This is to say, only a few of the possible optimal paradigms are actually adopted by real
languages.

Meanwhile, if real languages are optimized in communicative efficiency, we would expect
the paradigms closest to the optimal frontier to all be adopted by many languages. However,
we see a clear disparity in terms of the number of languages adopting each paradigm. For
instance, in the top panel of Figure 2.8, Fijian shares the same paradigm with 49 other
languages, whereas Maybrat, Bengali, and other 4 languages are the only languages utilizing
their respective paradigm, despite being very close to the optimal frontier. This indicates
that information theory alone fails to predict why some paradigms are favored but not others,
suggesting that some other factors might be affecting such preference.
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Figure 2.8: The 5 most efficient real paradigms (top) and the optimal simulated paradigms
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distinctions, whereas the vertical axis denotes the distal level. The real paradigms are
exemplified by their languages. The number in the parenthesis indicates the number of
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One of the additional factors appears to be consistency: the extent to which a paradigm
is consistent. Consistent paradigms that are close to the optimal frontier tend to be adopted
by more languages, compared with inconsistent paradigms. In this section we adopt the
consistency score defined in Section 2.3.3.

2.6.2 Basic analysis

We calculate the consistency score of the real systems and the random systems generated
in Experiment 1, using the same set of parameters. In Figure 2.9, we plot the consistency
as well as the distance to the optimal frontier for each real paradigm and the simulated
paradigm, faceted by the number of words used. The size indicates the number of languages
in that paradigm. The most frequent real paradigms (shown as bigger-sized circles), utilized
by a majority of the real languages in our database, fall into the bottom left corner in each
facet, indicating that they tend to be consistent in addition to being efficient in balancing
informativity and complexity. In contrast, infrequent paradigms (shown as smaller-sized
circles) are generally located away from the lower-left corner in each facet, meaning that
they are either not consistent or efficient. Meanwhile, simulated paradigms are scattered
across the plot. The graph suggests that consistency, combined with the distance to the
information-theoretic optimal frontier, is a good predictor of the typological frequency of real
language deictic demonstrative paradigms.

2.6.3 Constructing optimal paradigms

Now we examine whether the optimal paradigms considered by both information-theoretic and
consistency constraints would be utilized by most languages. To do so, we extend Equation 2.6
by adding a consistency term. The new optimality score is shown in Equation 2.11:

Jprslgl = H[W] —p- [[W:U] 4~ S[W : M], 2.11]
—— —— ———
Complexity Informativity Consistency

where S[W : M] is the consistency score from Section 2.3.3.

Then, we search for the most efficient simulated system under each pair of (3, ) values,
where we let (5,7) € [1,10] x [1,10]. The paradigms located on the new optimal frontier are
shown in Figure 2.10. The optimal paradigms now resemble real systems much more closely.
For example, the optimal paradigm under (5,v) = (5.012,1), where GOAL and PLACE are
merged in each distal level and the by-distal level distinction is kept, is shared by Irish and
15 other languages.

One difference between real systems and the optimal systems under Eq. 2.11 is that the
optimal systems with fewer words show a clear preference in merging distal levels D1 and
D2, instead of merging D2 and D3 as natural languages do. We believe this disparity stems
from the way our data is coded: in particular we assumed that, if a language distinguishes
fewer than 3 distal levels, the last distal level extends out to D3 (see Section 2.4.1). This can
possibly be resolved in reformulating the world state, a possible direction for future research.

In Figure 2.10, we label optimal systems that differ from attested ones only by merging D1
and D2 instead of D2 and D3 with a suffix -like, and a total of 34 languages, including English,
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the optimal frontier. Each blue dot represents one of the 34 unique paradigms attested in the
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Figure 2.10: The most optimal and consistent simulated paradigms. The  and ~ values
on each facet indicate the smallest (3,~) pair corresponding with that system. Gray boxes
indicate an example language and the number of languages utilizing that paradigm. A “like”
suffix is attached when the real paradigm only differs from the simulated paradigm by merging
D1 and D2 instead of merging D2 and D3. About half of real languages fall into one of these
patterns.

belong to this category. Interestingly, the paradigm under (/3,) = (1.738,1) is not attested
in any language, probably because this paradigm does not make distal level distinctions
at all, while all the languages in [49] have at least 2 distal levels. This suggests that in
real languages, distinguishing distal levels might be more prioritized than distinguishing
orientations. Meanwhile, the most popular paradigm shared by 71 languages, where all 3
orientations are distinguished and D2/D3 are merged, is not among the optimal paradigms,
since distinguishing all orientations adds to the paradigm’s complexity.

2.7 Discussion

Spatial deictic demonstratives, a class of adverbs or adpositional phrases that encode spatial
relations, vary both in forms and meanings they encode across languages in the world
[51]. But there exist common patterns in how meanings are expressed by spatial deictic
demonstratives [49]. Why are certain paradigms preferred over others? In this work, from an
information-theoretic perspective [21,50,66,67|, we have argued that spatial demonstrative
systems in natural languages are communicatively optimized, relative to random statistical
baselines. We have demonstrated that a deviation from appropriate parameter choices results
in a less good fit to real languages, as measured by the residual complexity; the optimal choice
of parameters reflects findings from past studies [92,93,103,104,107,111,112] that humans
exhibit a strong bias towards GOAL compared with SOURCE. Then, we show that in addition
to informativity and complexity within the information-theoretic framework, consistency is
another constraint real languages tend to satisfy, in that real languages tend to be consistent,
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in addition to balancing between informativity and complexity.

2.7.1 Why consistency?

As we have demonstrated in Section 2.6.1, most real languages have some degree of consistency
in their paradigms, which our information-theoretic approach alone does not predict. In fact,
languages could be more efficient by, e.g., having access to the additional degrees of freedom
that come with being able to use different syncretism patterns at different distal levels.

There are several possible explanations for the consistency preference. From a learning
perspective, consistent spatial deictic paradigms tend to have low Kolmogorov complexity:
in other words, fewer words need to be used to describe the pattern in the paradigm [149],
leading to relative ease and readiness of acquisition of paradigms in natural languages [150]
and those in novel, artificial languages [53,133,134|. Broadly speaking, the tendency towards
minimizing the description length of a paradigm is often reflected in historical linguistics,
where, for example, in Indo-European historical linguistics, analogy seems to frequently play
a role in shaping how ancient or archaic languages evolve into its modern descendants, in
that irregular inflection / declension patterns are often replaced by regular ones [151]. Such
tendencies have also shown in the lab: that structures gradually emerge as languages are
passed down between generations [39].

2.7.2 Limitations of our consistency formulation

The consistency metric used in this work is rudimentary in that it only broadly classifies
different paradigms in terms of the number of distinct distal level patterns and the number
of distinct orientation patterns. However, this metric still lacks granularity, in that it fails to
take the need distribution into account. For example, if a particular meaning is rarely used
in everyday conversation, a lack of syncretism in this meaning should be considered more
consistent than a lack of syncretism in a meaning that is frequently used. Hence, in future
studies, a more frequency-based metric, preferably an information-theoretic one, should be
developed to operationalize consistency.

2.7.3 What influences the evolution of spatial deictic demonstratives

Past studies have been focused on the evolution of communicative systems in semantic
domains such as colors. Since it is impossible to conduct experiments on speakers from
hundreds or even thousands of years ago, [152] instead investigate a rapidly-evolving language:
Nafaara, spoken in Ghana and Cote d’Ivoire. They show that the language has acquired
several new color terms while keeping the trade-off between informativity and complexity
optimal. Spatial deictic demonstratives in languages today, albeit merely speculative, might
have been through the same process of traversing along the optimal frontier. For instance, as
mentioned in the beginning of this paper, English used to have 6 distinct spatial deictic words,
distinguishing between 3 different orientations and 2 different distal levels. However, the
GOAL demonstratives hither and thither merged with here and there, respectively, whereas
the SOURCE demonstratives hence and thence were replaced with prepositional phrases from
here and from there. Meanwhile, all the 3-way orientation distinctions in other Germanic
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languages (such as Dutch, German, Danish, and Icelandic) are very much preserved. This is
possibly because English has been extensively acquired as a second language, and the vast
presence of L2 speakers leads to a simplification in the paradigm [153]. Both paradigms, as
shown in Figure 2.5, are very close to the optimal frontier (the archaic English paradigm is
the same as Dyirbal).

2.7.4 The continuous nature of distal levels

One limitation of our approach is that we assume that the space of distal levels is fixed and
discrete, and that the mapping from meanings to words is deterministic. In reality, the space
is likely continuous and word usage is likely to be stochastic. For instance, while objects that
are extremely close to the deictic center are likely to be referred to by a D1 word (and never
D2 or D3 words), it is likely objects that are somewhat farther away may be referred to using
D1 or D2 in a way that is random or depends on the situation.

We believe that the Information Bottleneck approach could be used to make quantitative
predictions about where boundaries between words would be found in this continuous,
stochastic setting. Such a study would require data on the usage characteristics of these
spatial words in a known spatial layout and situation, which is not currently available to the
best of our knowledge.

2.8 Conclusion

Overall, we have shown that the information bottleneck can explain major patterns in
the typology of spatial demonstratives. Supplementing the information bottleneck with a
preference for consistent paradigms, a preference motivated by the human preference for
regularity in learning and memorizing, improves the explanatory performance of the model.

Our analyses also show that there is value not just in asking whether observed features
of languages can be explained by a drive towards efficiency, but by examining how model
assumptions affect the ability of an efficiency-based model to fit the linguistic data. We found
that using a cost function motivated by the observed source/goal asymmetry in cognition
more generally led to real languages that looked more efficient. This match between cognitive-
plausible model assumptions and fit to linguistic data not only provides further validation for
the hypothesis that communicative efficiency drives linguistic behavior,it also suggests that
efficiency-based approaches to linguistics can provide novel insight on underlying cognitive
processes and can, as with our cost functions, provide evidence convergent with evidence
from cognitive behavioral experiments.

2.9 Data Availability

All the materials can be found at https://github.com/mahowak/deictic _adverbs.
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Chapter 3

Cross-Cultural Structures of Personal
Name Systems Reflect GGeneral
Communicative Principles

Note This chapter is adapted from the following publication (published under a CC-BY-4.0
license):

Ramscar, M., Chen, S., Futrell, R., & Mahowald, K. (2026). Cross-cultural structures of
personal name systems reflect general communicative principles. Nature Communications.

Abstract The structure of personal names appears to differ widely across cultures. Using
census records and historical datasets, we present an information-theoretic analysis of name
systems that shows how the scope of this variation is more constrained than it might appear.
We identify two constraints name systems must satisfy: encoding large numbers of identities,
and ensuring these encodings are usable. We show that, historically, the world’s languages
satisfied these constraints using structurally similar, near-optimal codes. They did so by
combining sets of name-specific words with existing vocabulary items, allowing unlimited
numbers of identifiers to be created while keeping vocabulary sizes stable. Today, many
natural name systems have been transformed into official codes based on hereditary patronyms.
We show how, globally, these changes differentially altered the information structure of codes,
leading to cross-cultural differences in the way names function as individuators that can have
tangible effects in domains like scientific publishing.

3.1 Introduction

Personal names (which may comprise a word or set of words to form an identifier) provide a
means for constructing identities and signaling information about individuals. For this latter
function to be achieved, name systems must provide encodings that can allow individuals to
be identified in communication, while also being organized to enable these encodings to be
shared and used. An obvious strategy for achieving the first requirement would be to use a
unique name word for each individual. However, although this approach might work for the 82
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principal characters in “Game of Thrones” (who almost all have unique first names), it would
fail the second requirement in any large-scale modern society, where it would require millions
of pronounceable yet not already used words to be generated. Given the limited coding
resources of natural languages, many names would end up being both very long and highly
confusable, making the resulting system impossible to learn or use. Perhaps unsurprisingly,
instead of employing unique name words, cultures satisfy the lexical demands of naming by
creating combinatoric identifiers[42,154-156]. These combine small sets of lexical items that
are often name specific with preexisting vocabulary elements to encode individual identities
as phrases, as in the names of the badminton player Simon Archer and the basketball player
Yao Ming BKBH (Simon and Yao are names, whereas Archer is an English word for someone
who shoots arrows with a bow, and Ming is Chinese word meaning brightness).

We present an information-theoretic analysis of personal names that reveals historical
commonalities in the systems of combinatoric identifiers used in different cultures, following
the approach in [154]. We use this analysis to examine the different ways in which the
legalization of names — which occurs as societies become more organized and bureaucratic
[43] — has changed these systems, and show how legalization can impede the communicative
efficiency of name systems by imposing top-down structures on what had been organically
evolved systems. Finally, taking international scientific publishing as an example, we show
how the adoption of arbitrary standards that are blind to these differences can differentially
impair the way the names of authors from different cultures function as individuators.

Since our focus will be on the coding function and information structure of name systems,
we describe the parts of name-phrases that are spoken or written first as ‘prefix-names’, and
the parts that follow them as ‘bynames’ (see Figure 3.1). Prefix-names can be specific
lemmas (proprial lemmas [42]) or other vocabulary items marked by affixes [157]. The
semantics of lemma prefix-names are typically opaque, such as John or Mary in English, or
Liti Xin Chinese [42], or else they are irrelevant in use, as in the English names Victor, Rose
or Destiny. When affixing is used, for example, in Ngdmba, names are made by marking
preexisting vocabulary items with prefixes, such as Ma for females and Ta for males [158].
Again, marking existing words as names changes their semantics, and often renders them
irrelevant in use.

When it comes to bynames, across cultures name systems have largely either re-employed
prefix-names for this purpose (e.g., Rhys ap Llywelyn — where ap means ‘son of’ — is a fairly
typical patronym in the Welsh naming system [159]; see also Johnson in English, Jonsdottir
in Icelandic, etc.) or else re-deployed existing vocabulary items. For example, Hong 41,
Goch, Roth, and éerveny, which have often been used as bynames in Mandarin, Welsh,
German, and Czech, respectively, are simply forms or derivatives of the word for red. From
a communicative perspective, this is notable because it enabled these systems to generate
enormous numbers of individual identifiers while simultaneously avoiding the need to add
huge numbers of extra words to linguistic inventories.

The relative benefits of redeploying old words versus adding new words in this way can
be operationalized and measured using information theory [160], which provides a means
for formalizing notions such as information and efficiency in communication, and has been
fruitfully applied to a variety of questions in linguistics [18,21,23,161,162| by treating languages
as information-theoretic codes. Formally, information (or entropy) is defined in terms of the
uncertainty associated with an event or distribution of events. Efficient codes minimize the
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Woo Yu-Sen (RF#%) Order of occurrence in speech

aka John Woo
Movie Director Prefix-name Byname
English John Woo
A Chinese Woo Yu-Sen
Two pianists Prefix-name Byname
Chinese Fou  Ts'ong ({§E8)
B English Glenn  Gould
Prefix-name Byname Prefix-name Byname
Chinese Fixed Given  Fou Ts'ong
English Given Fixed Glenn Gould
Information per word in name phrase
Low High

Figure 3.1: Western names and East Asian names, despite differences in naming
traditions, share a similar information structure. (A) Two forms of the same name,
movie director Woo Yu-Sen / John Woo. In Mandarin, the (inherited) prefix-name Woo comes
first in speech. However, in its conventional Westernized form, Woo becomes the byname.
This convention aligns the given and fixed (inherited) parts of EACS and Western names
(because Western prefix-names are given and bynames inherited, whereas EACS bynames
are given and prefix-names inherited), however it misaligns their information structures. In
both Western and EACS name-phrases, prefix-names are systematically less informative than
bynames, thus in (B): Chinese pianist Fou Ts’ong’s inherited name is his prefix-name Fou,
while Canadian pianist Glenn Gould’s inherited name is his byname Gould; Fou’s given name
is his byname Ts’ong, whereas Gould’s given name is his prefix-name Glenn.

complexity of codewords while maximizing their informativity about underlying messages
[160]. Prefix-names seem to offer this kind of efficiency: If 33% of people are named John,
and 1% Gerald, Gerald will be more informative than John (Gerald better discriminates
individuals than John). Simultaneously, not only will John be easier to recognize and process
[163], but the large number of Johns will reduce the total number of names, making the
system as a whole easier to learn and use. Intuitively, a system where frequent prefix-names
like John are distinguished by further optional codewords conditioned on them (i.e., John
Adams, John Hancock...) may seem simpler and more efficient than a system in which
everyone has a unique name. Information theory provides tools for assessing whether this
is the case or not (and assessing the impact of changing the relative numbers of Johns and
Geralds in systems).
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Historically, across cultures, prefix-names served as the primary historical means for
referring to individuals [43,164]. However, these names were not always fixed in the modern
sense. Rather, the name by which an individual was known depended on the context in which
it was used. This tendency is still evident in indigenous Australian prefix-names, which can
change as people age or undergo major life events [165], or Yupik and Inuit prefix-names,
which can change throughout a person’s life (and have even been documented as changing
after a serious illness [166]). It was also evident in the vernacular names of pre-modern
Europe, which were similarly context-dependent [42]: the same “John” might have been “John
(the) Smith” to distinguish him from “John (the) Baker” but “John Short” in other contexts
[43]. In use, it even remains true for modern U.S. names: e.g., the 44th President of the
U.S. is “Barack Hussein Obama” on his birth certificate, “Barry” (a childhood nickname) to
intimates, “Barack” to others, “bo” on Twitter, etc.

All of which raises a question: why have the context-dependent vernacular name systems
that characterize most of human history now been replaced by official, fixed name systems?
The answer seems to lie in the way that the context-dependence of vernacular names conflicted
with the needs of bureaucracies and governments which, as they developed, required that
their citizenries be ever more “legible” [43] (i.e., that their activities be amenable to top-down
observation and management). Fixed — context-free — official names offered bureaucracies an
objective, tractable technology for managing citizens and their property [43], making tasks
such as taxation, conscription, etc., far more manageable. Historically this conflict is most
clearly visible in the laws that were used to fix the naming practices of particular populations,
such as those that led to the enforcement of patronymic-bynames on Native Americans [167],
Jewish people in Europe [43], and on the Inuit population in Canada (including attempts
to assign each individual a unique number [168]). Meanwhile, the resolution of this conflict
in favor of the needs of governments can be seen in the fact that today most states have
legalized their citizens’ names: across the globe, the vernacular naming practices that may be
as old as languages themselves have now been replaced with official, fixed name codes. [168]
summarizes it starkly: “Clashes [...| between different traditions and practices of naming,
especially in the context of slavery and empire, illuminate with clarity the relevance of names
as technologies of exclusion and belonging.”

Critically, the legal imposition of fixed names (as hereditary patronyms) was implemented
differently in the Fast Asian Cultural Sphere (EACS) as compared to the West. In particular,
whereas laws in the EACS made prefix-names hereditary (and thus fixed), Western laws
transformed bynames into hereditary, fixed patronyms (Figure 3.1). These differences provide
a natural way of exploring whether name systems serve to communicate identities in the
way we propose, because our information-theoretic analysis provides clear predictions about
the way we should expect vernacular name systems to have been structured across cultures
historically, and how they should subsequently have developed over time, given the changes
that have been imposed.

Notably, from this perspective, it has been shown that the sets of prefix-names employed
in China were historically quite small (in China, liobdixing & H #- “old hundred names” —
is the colloquial term for the masses, such that historically 50% of the population shared just
six of them [43,169]) with their overall distribution being exponential [170].

Not only does this provide an efficient way of organizing variable-length codewords [171],
but it has also been shown that Korean prefix-name distributions had (and have) similar
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properties [172,173]. It is thus notable that in every 50 year period between 1550-1800,
records reveal that roughly 50% of the UK population shared 3 female prefix-names (Elizabeth,
Anne and Mary) and 3 male prefix-names (John, William and Thomas) [174], and that the
stocks of prefix-names in communities also typically approximated 100 [175]. Other historical
prefix-name distributions across Europe were similar [174].

In China, people were assigned patronymic fixed hereditary prefix-names after population
registration efforts in the Qin dynasty [176], and similar systems later developed in other
EACS states. In contrast, when European nation states issued laws that fixed names from
the 18th century onward, they turned bynames (already associated with property inheritance)
into fixed hereditary patronyms (hereditary bynames) [43|. Importantly, because bynames
rather than prefix-names were fixed in the West, it followed that if populations were to grow
— as they did in response to industrialization — then the total number of unique identities
encodable in European name-systems could only be increased by adding more prefix-names,
the information structure of which appears to have been generally stable across Western
cultures up to this point [173,174].

Here, we empirically test several hypotheses related to the communicative efficiency of
names. In our first study, we collect and analyze the properties of historical name data
from birth records, census records, and other historical sources. Our first key hypothesis is
that, given that Western cultures largely retained vernacular name systems until the 19th
century, we should expect pre-modern prefix-names distributions in these cultures to reflect
this common system and show relatively low entropy on prefix-names. First, we establish that
vernacular name systems across cultures show a similar low-information profile. Moreover,
in countries where prefix-names were hereditary fixed patronyms — i.e., EACS countries
where laws served to fix a small relatively invariant information system — we should expect
distributions of prefix-names to largely resemble vernacular name systems, regardless of any
subsequent population increases. Thus, empirically, we should expect modern distributions
of EACS prefix-names to resemble those of pre-modern Western cultures. On the other hand,
we expect that, once hereditary bynames were implemented in the West, as populations
grew, Western prefix-name distributions would shift to communicate more information in
proportion to this growth. In Study 1, we confirm these hypotheses using historical data.

In Study 2, to provide a more detailed test, we examine a dataset of church records from
Finland (in the period roughly 1700 to 1900, a period during which the population grew from
less than 500,000 people to over 2.5 million). These provide a particularly useful means for
testing our proposal, first because hereditary fixed bynames were adopted during this time,
and second because their adoption was asymmetrical across the country, occurring first in
eastern Finland and then increasingly in the west of Finland.

Accordingly, given that this system enables us to observe the introduction and development
of the use of hereditary fixed bynames in a name system, based on our first hypothesis, we
predicted that we would observe a corresponding increase in the entropy of prefix-names
across this period. Further, we predicted that if the increase in information in prefix-names is
a result of the transformation of flexible bynames into hereditary fixed patronyms, prefix-name
information entropy should increase as a function of the degree to which fixed hereditary
bynames are used. To foreshadow our findings, we observe the predicted correlation with
the entropy of Finnish prefix-names both over space (higher entropy first names in the east)
and time (higher entropy first names later in time, as hereditary fixed bynames become more
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prevalent).

Taken together, these results enable us to derive another main hypothesis — which we
test in Study 3. We have argued that naming systems have evolved to yield name phrases
that have low-information prefix-names and high-information bynames, and shown how
different cultures have made different parts of these phrases into hereditary fixed patronyms.
Accordingly, it follows that forcing names from different cultures into alignment according to
their hereditary patronymics as opposed to their information structure (i.e. making names
from EACS countries adopt the Western convention of putting the hereditary patronym at
the end of a name phrase) could have the effect of seriously undermining the communicative
function of some name-phrases as compared to others.

We show that this is the case in academic publishing in the Anglophone world by
considering a sample of names from academic honor societies from 6 countries (China, Korea,
Finland, France, Russia, and the U.S.). Under the Western convention, publications are often
cited in papers by the hereditary patronym of the first author (where this is a high-information
byname, such as Einstein et al.), whereas in China and Korea, publications are often cited
by the full name of the first author (e.g., Li Zhaoping et al.). As predicted, we show that
forcing names from China and Korea into the Anglophone model, in which only the hereditary
patronym is given in full (which in both cases is a low-information prefix-name) and in which
bynames are initialized (e.g. X. Li) induces unnecessary name ambiguity that can be resolved
if other conventions are employed.

3.2 Results

3.2.1 Study 1: Name distributions across culture and time

Our first hypothesis predicted that the distribution of prefix-names in pre-modern Western
populations (i.e., before bynames were turned into fixed patronyms) would have been similar,
communicating relatively low levels of information (operationalized as Shannon entropy
[160]); that they will resemble modern EACS prefix-names (which are themselves hereditary
patronyms); and that modern Western prefix-names will have communicated increasingly
higher levels of information as populations grew.

To test this, we examined the prefix-name distributions of birth-records in four pre-
modern Scottish parishes: Earlston, Govan, Dingwall, Beith, between 1700-1800 [175],
analyzed individually and collectively. We also examined the birth records from Finland
from the same period, along with marriage registers in the counties of Northumberland and
Durham in Northern England (again covering the same period [177]). Our EACS prefix-name
distributions were taken from 2015 South Korean census data [178|, 2018 Taiwanese census
data [179], and Vietnamese-American population data extracted from the 2010 U.S. census
[180]. Tt is worth noting that although prefix-names are patronyms in Taiwan, Korea, and
Vietnam, the languages spoken in the three countries belong to different linguistic families:
many of the major languages spoken in China and Taiwan are part of the Sino-Tibetan
language family, [181], modern Korean is a language isolate [182], and Vietnamese is an
Austroasiatic language, albeit with significant vocabulary borrowings from China [183].

For our modern Western analyses, we used post-1900 data taken from a larger genealogical
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set of Finnish name records [184], covering the period after hereditary patronyms had become
common in Finland [185], and data from the United States Social Security records between
1910 and 2010 [186], focusing on a representative large state, California, and a small state,
Delaware. Table 3.1 lists the number of names and population in each dataset (see [154] for
a smaller-scale analysis comparing just the US and Korea). No data were excluded from the
analyses.

Locale Name count Cut-offs Sample LB UB
California 17638 5 27517342  10.16 14.40
Delaware 1534 5 9597042 8.57 12.72
All US, 1910-2010 28638 5 286605557  9.80 11.22
Finland Post-1900 1066 1 75814 720 7.20
Taiwan 500 135 23543563 568 5.71
Finland Pre-1800 1833 1 1748523 5.43  5.43
Korea 533 5 49705663 4.82 541
Northern England 225 1 25797 4.93 493
Dingwall 81 1 1685 4.87  4.87
Earlston 79 1 3121 4.85  4.85
Govan 121 1 12086 4.70  4.70
Scottish 361 1 23792 4.65  4.65
Vietnamese-American 62 100 1527654 4.35  4.59
Beith 80 1 6900 4.35 4.35

Table 3.1: Summary of several unique names and the entropy estimates of the prefix-name
distribution in each dataset. The inclusion threshold, namely the least frequent prefix-name
included, along with the total number of people sampled, is included. The lower bound
entropy (LB in the table) reflects the observed sample (in bits) while the upper bound (UB
in the table) reflects an estimate assuming that all unobserved names are unique (i.e., it
assumes the maximum entropy for the unobserved portion of the distribution).

The information communicated by each prefix-name distribution was calculated as follows:
if there are N prefix-names in a given distribution, each with a frequency of p;, the entropy
of the distribution is:

N
H= —Zpi log, pi. [3.1]
i=1

Note that although there is a large amount of data on personal names and their distribu-
tions in existence, studying it is complicated by several related factors: name data tend to be
the preserve of state governments, and responsible governments require that publicly released
data relating to individuals be anonymized [187|. This last point necessarily conflicts with the
sui generis function of names — and especially fixed, legally defined names — which make the
identification of many individuals from full name data trivial. Accordingly, most of our data
do not contain the prefix-name of every individual and contains a cut-off number, reflecting
these concerns (see also Study 1 in the Methods Section). If the number of people sharing a
prefix-name is lower than the cut-off, the prefix-name is not part of the data. Therefore, the
entropy calculated from our data is only a lower bound of the true entropy of the population.
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To estimate an upper bound, we assume an extreme (if unlikely) scenario, namely that
everyone not included in the database has a different prefix-name. For example, the 2015
Korean census data do not contain the prefix-names of approximately 1.1 million people. To
estimate an upper bound of Korean prefix-name entropy, we assume these 1.1 million people
have 1.1 million different prefix-names and calculate the entropy of the population under this
assumption.

Figure 3.2 plots the 100 most common prefix-names (dividing the frequency of each name
by the frequency of the most common name) from each distribution. As predicted (Table 3.1),
the different prefix-name distributions in our pre-modern Western samples communicated
relatively small — and similar — amounts of information: Earlston, Govan, Dingwall, Beith have
entropies of 4.85, 4.70, 4.87, and 4.35 bits, respectively (4.65 bits when aggregated together);
the Northern English sample had an entropy of 4.93 bits; and the Finnish prefix-name
distribution taken from the same period had an entropy of 5.43 bits.

Also as predicted, the entropies of our Vietnamese American and Korean samples (where
92% of the population share the 50 most common prefix-names) were in the same range (4.35
and 4.82 bits, respectively), as was the entropy of our sample of Taiwanese prefix-names (5.68
bits).

Critically, the US name distributions have by far the highest entropies (10.16 bits in
California and 8.57 bits in Delaware), and the prefix-name entropy in our Finnish sample
rises to 7.20 bits after 1800, approaching the range observed in our US data (this change is
analyzed in detail below). It should be emphasized that higher entropies in these results do
not simply reflect larger population sizes: the Korean sample is far bigger than the Delaware
sample, but even the upper bound of the Korean name entropy is much lower than the
lower bound of the name entropy for Delaware. In addition, results from a study on Korean
family records [173| indicated that, despite a large growth in population between 1510 and
1990, and the inclusion of many prefix-names in this period, prefix-name entropy remains
largely unchanged. Similarly, the entropy of our aggregated Scottish sample is lower than the
individual entropies of 3 of the 4 parishes it comprises.

3.2.2 Study 2: Relationship between fixing patronyms and prefix-
name distributions

Since industrialization, the world’s population has grown considerably [189]. The population
of 19th-century Britain grew rapidly [190] and as it did, the distribution of prefix-names
changed: in 1800, > 50% of children were given the most frequent 6 prefix-names; by
1900, it was < 25% (Figure 3.2). This pattern is consistent with prefix-name information
increasing to offset the development of hereditary fixed bynames. However, to make a more
detailed assessment of these changes we examined a set of Finnish birth records covering the
period 1600-1917 (from the same dataset examined in Study 1 [184]). Because of the late
implementation of name laws in Finland (1929), and the fact that hereditary fixed bynames
became dominant in eastern Finland earlier than western Finland [185], these data offer a
unique opportunity to explore the association between information profiles in flexible byname
systems as opposed to in hereditary patronymic-byname systems, for a system in transition.
We divided the records, which comprise a baby’s prefix-name, parish of birth and, where
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Figure 3.2: Frequencies of most frequent names across places and time. a): The
100 most frequent prefix-names by rank in the prefix-name distributions analyzed
in testing hypothesis 1 (plotted as a proportion of the most frequent name): four parishes
in Scotland, 1701-1800 (Beith, Dingwall, Earlston, and Govan), two counties in Northern
England (Durham and Northumberland) between 1701 and 1800, Finland pre 1800 and
post 1900, South Korea (2015 census data), Vietnamese-American (reconstructed from US
census 2010), Taiwanese (2018 census data), and US names between 1910 and 2010 from
Delaware and California. The y—axis is logarithmic. Critically, before the introduction
of naming laws, the prefix-name distributions of the Scottish parishes, Northern England,
and pre-1800 Finland are highly skewed, and similar to those of Taiwanese, Korean, and
Vietnamese-American prefix-names. By contrast, after laws required people in the West to
inherit their bynames, these distributions began to change as the information conveyed by
the prefix-name increased, as revealed by the longer, flatter tails of the modern prefix-name
distributions in California, Delaware, and post-1900 Finland. b) The frequency at which
the top three male and female prefix-names were given in England by decade
1800—1880 and 1900. As can be seen, these frequencies declined as the population grew,
which is again consistent with our prediction that fixed bynames and population growth will
be associated with flatter name distributions, and concomitant increases in the information
conveyed by prefix-names (data from Table 1 in [188], plotted against the total population at
each time point.)
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available, a paternal byname (e.g., relating to the farm or village of the father) into 5 different
year bins: pre-1730, 1730-1780, 1780-1830, 1830-1880, and post-1880. Due to the uneven
number of records in each birth year bin (Table 3.6), from each birth year bin and parish we
randomly sampled 50 births, from 473 parishes.

Birth Year East West
up to 1730 2%  29%
1730-1780 67%  37%
1780-1830 71%  45%
1830-1880 81% 57%
post—18380  94%  79%

T W DN =

Table 3.2: Percentage of births registered with a paternal byname. Patronymic-byname use
in the East starts high and increases from 72% to 94% in the period 1700-1900. By contrast,
this increase is much sharper in the West, where it is 29% at the beginning of this period
and increases to 79% by its end.

Taking the rates of occurrence of paternal bynames in records as a proxy for the use of
hereditary fixed bynames, we first examined whether the transition from flexible to fixed
bynames actually occurred in this period. Before 1730, 42% of birth records included a
paternal byname. After 1880, this proportion had increased to 89%. We also observe a clear
east /west gradient in these data, which changes over time, as shown in Table 3.2. To assess
significance, we computed the proportion of the births for which a paternal byname was
present, in each parish, in each time period. Then we fit a mixed-effect linear regression
model predicting this proportion based on the longitude, binned birth year (coded 1 to 5),
and their interaction. We included a random intercept for parish, with a random slope for
birth year, following a maximum appropriate random effect structure from the nature of the
dataset, as recommended in [191]. We found significant main effects of longitude (farther
east means more paternal bynames; two-tailed ¢(381.8) = 8.758, p < 0.001, § = 0.073, 95%
confidence interval=[0.057, 0.090]) and birth year (more paternal bynames overall as time
progresses; two-tailed ¢(350.4) = 5.505, p < 0.001, 8 = .259, 95% confidence interval=[0.167,
0.351]), and an interaction between them (which we take to mean that the effect of longitude
gets smaller as birth year increases; two-tailed #(352.4) = —3.913, p < 0.001, g = —0.001,
95% confidence interval=[-0.011, -0.004]|). We also fitted the data with a null model without
the interaction term between longitude and birth year, and we found the model with an
interaction term explained the data significantly better than the model without one (one-tailed
x2(1) = 15.059, p < 0.001).

We then examined how the adoption of hereditary fixed bynames affected the informativity
of prefix-names. We expected that prefix-name entropy would increase along an east/west
gradient, initially increasing more in the east than the west. Figure 3.3 projects the entropy
of prefix-name name distributions on a map of Finland. Each panel is a different time period
and, moving from left to right, reveals an overall increase in prefix-name entropy modulated
by an east/west cline that becomes less prominent over time.

Our results are not dependent on the particular sample presented here. In Appendix B.1,
we repeat these random sampling procedures and analyses 500 times, and show that the
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Figure 3.3: In Finland, prefix-name entropy increased as the government required
residents to have a hereditary patronym. a): Proportion of birth records in each
Finnish parish at each time period containing a hereditary byname. b): prefix-name entropy
(for 50 randomly sampled names per parish) in each parish in each period. The plots indicate
that Finnish prefix-name entropy increased as a proportion of the increased use of hereditary
bynames as the government imposed name regulations, both of which are reflected in an
east/west gradient of change: the proportion of hereditary bynames (a) and increases in
prefix-name entropy (b) are initially evident more in the east than the west, before slowly
spreading westwards across the country.
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results are robust.

Having established the east/west patronymic-byname use effect, which starts large and
decreases over time, we then asked whether prefix-name entropy shows a similar pattern.
We ran a mixed-effect regression predicting prefix-name entropy, calculated by sampling 50
births per bin, as described above. The predictors included binned time period, longitude,
and their interaction. We also included random intercepts for parish, and a random by-
binned time period slope for parish. There were main effects of birth year (more prefix-name
entropy over time; two-tailed ¢(301.5) = 4.591, p < 0.001, g = 0.256, 95% confidence
interval=[0.146, 0.365]), longitude (more prefix-name entropy in the east than the west;
two-tailed ¢(280.2) = 6.475, p < 0.001, 5 = 0.044, 95% confidence interval=[0.031, 0.058]),
and crucially a significant negative interaction (two-tailed ¢(301.5) = —2.860, p = 0.005,
S = —.006, 95% confidence interval=[-0.011, -0.002|; by a likelihood ratio test comparing
the full model to an identical model without the fixed effect interaction term, one-tailed
x%(1) = 8.053,p = 0.004).

Birth Year Variable Pair Spearman p 95% CIs p-value
Patronym:PrefixNameEnt 0.29 (0.16, 0.41) < 0.001
up to 1730  Patronym.:Longitude 0.54  (0.43,0.65) < 0.001
PrefixNameEnt:Longitude 0.49  (0.38,0.60) < 0.001
Patronym:PrefixNameEnt 0.22  (0.11, 0.32) < 0.001
1730-1780  Patronym.:Longitude 0.35  (0.24, 0.46) < 0.001
PrefixNameEnt:Longitude 0.40  (0.31,0.49) < 0.001
Patronym:PrefixNameEnt 0.18  (0.08,0.27) < 0.001
1780-1830  Patronym.:Longitude 0.38  (0.28,0.47) < 0.001
PrefixNameEnt:Longitude 0.21  (0.11, 0.30) < 0.001
Patronym:PrefixNameEnt 0.10 (0.003, 0.20) 0.039
1830-1880  Patronym.:Longitude 0.42  (0.34, 0.51) < 0.001
PrefixNameEnt:Longitude 0.01 (-0.08, 0.11) 0.77
Patronym:PrefixNameEnt 0.06 (-0.13, 0.24) 0.52
post-1880 Patronym.:Longitude 0.72  (0.63,0.81) < 0.001
PrefixNameEnt:Longitude 0.16 (-0.01, 0.34) 0.058

Table 3.3: The Spearman rank correlation between proportion of patronymic-bynames
present and the prefix-name entropy, between proportion of patronymic-bynames present and
longitude, and between prefix-name entropy and longitude, along with their 95% confidence
intervals (CIs) and p-values. The Cls are calculated using the SpearmanCI package [192] in
R [145].

We also examined the Spearman rank correlation between the proportion of names in a
parish with a paternal byname and the prefix-name entropy in that parish. In each time period,
the correlation was positive, and it steadily decreased over time as shown in Table 3.3. These
results suggest that the fatter-tailed distribution of modern prefix-names results from the
changes in the information structures of names resulting from the introduction of hereditary
fixed bynames.
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3.2.3 Study 3: Mixing of naming systems with different conventions

The information in U.S. prefix-names grew exponentially in the 20th century [193], whereas
EACS prefix-name distributions hardly changed [173]. The effect of this is easily quantified:
the prefix-names of the 49.7 million South Korean citizens in the 2015 Census have an entropy
of 4.82 bits; for the prefix-names of the 27 million Californians registering for Social Security
between 1910-2010, 10.16 bits (Table 3.1). Since entropy is logarithmic, in theory this means
that the information processing cost of Californian prefix-names is now about 40 times more
(= 5.3 bits more information) greater than Korean prefix-names, whereas our earlier analyses
indicate that 200 years ago, Korean and English prefix-names contained roughly the same
amount of information. This allows us to make detailed predictions about the cross-cultural
impact of using Western naming conventions as a gold standard for indexing in science and
publishing.

Before describing these predictions, it is important to stress how different ways EACS
and Western names were legalized can make comparing them confusing (and lead to confused
remarks like, “[in China| they put their last names first” [194]). This confusion arises because
in the EACS, prefix-names are fixed and inherited, and bynames are ‘given’, whereas in
the West, prefix-names are ‘given’, and bynames are fixed and inherited (see Figure 3.1).
However, for current purposes, what is important is that both Western (fixed patronymic)
bynames and EACS (given) bynames are far more diverse and more informative than US
(given) prefix-names and EACS (fixed patronymic) prefix-names (See e.g. Table 3.4).

Country Prefix-name Entropy Byname Entropy

1 China 6.15 8.64
2 Finland 6.94 8.54
3 France 7.03 8.68
4 Korea 4.72 8.71
5 Russia 5.27 8.58
6 US 7.43 8.65

Table 3.4: The prefix-name entropy and the byname entropy of matched samples taken from
2550 scientists from 6 different countries.

Because prefix-names convey less individuating information than bynames (and the
individuating information in initials is similarly constrained), it follows: 1) Under current
indexing conventions, which combine initialized ‘given names’ with full inherited names,
EACS names will convey far less individuating information than Western names, making
EACS names more confusable; 2) If indexing conventions were recast to reflect the information
structure of name phrases, the confusability difference between Western names and EACS
names could be drastically reduced. Note that in this study, we are not analyzing names
under the categorization of prefix-names and bynames as in previous ones. Instead, we will
follow the (Western) convention of name categorization and the indexing convention arising
from it to show how such conventions lead to greater confusion if it is applied to EACS
names. To avoid confusion, in this study, we will refer to the part of the name that is given
as “flexible given name” and the part of the name that is inherited as “fixed inherited
name.”
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To test the hypotheses, we obtained cross-cultural samples of scientific communities
by scraping membership lists of academic/scientific societies in the United States, China,
Korea, France, Finland, and Russia [195-200] (see Study 3 in methods). We explicitly chose
these samples in order to examine the possible real-world consequences of current indexing
conventions (and hence the transliteration of character-based Chinese and Korean names to
the Latin alphabet) in a domain where the communication of identities is critical, namely
academic publishing.

The lists of names were then spot-checked, and typos or extraction errors were fixed as
needed. The exact list of names used is in the repository associated with this paper. To
compare across datasets, we randomly downsampled all datasets to make them the same size
as the Korean set (425 individuals), and then computed the number of repeated names: for
example, if “Robert” occurs 4 times, its repeat count is 3. This was done for each: flexible
given name, fixed inherited name, full flexible given name + fixed inherited name initial, and
flexible given name initial + full fixed inherited name (see the top left panel in Figure 3.4).
We then generated sets of possible shortened versions of the names by taking only the flexible
given name, only the fixed inherited name, or the abbreviated initials of either the flexible
given name or the fixed inherited name.

We then measured various properties of these distributions, which generated the following
name styles: flexible given name initialized (e.g., C. Darwin / Z. Li), fixed inherited name
initialized (e.g., Charles D. / Zhaoping L.), flexible given name alone (e.g., Charles / Zhaoping),
fixed inherited name alone (e.g., Darwin / Li).

We also considered the potential influence of two further naming conventions present
in these samples. The first is the presence of Korean generational names, which (in South
Korea at least) typically comprise the first syllable of a flexible given name, which is shared
across siblings, such that the second syllable is unique to the individual, e.g., Korean soccer-
playing brothers Son Heung-min and Son Heung-yun. Accordingly, in Korean, names are
typically indexed by both syllables, such that Son Heung-min’s name is rendered as “H M
Son”. However, in our basic analysis the given name of Hyun Jae in Figure 3.4 is simply
rendered as H. To better reflect the specific structure of Korean names, we also explored an
alternative rendering that treated each syllable in a Korean given name independently, such
that the given name initial of Hyun Jae was represented as H. J. instead of H. We denote
this alternative convention as “Korea-2” in Figure 3.4.

The second alternative consideration relates to patronyms in Russian names. Unlike most
Western societies, a full Russian name also includes a third component in addition to flexible
given name(s) and a fixed inherited name: a true patronym, derived from a parental given
name (a practice also common in other East Slavic and ex-Soviet societies). For instance, the
late Russian linguist Vadim Kasevich’s full name is Vadim Borisovich Kasevich, reflecting
the fact that his father was Boris, and the late linguist Alexandra Kamynina’s full name is
Alexandra Alekseevna Kamynina, since her father’s name was Aleksey. Russian publications
often cite individuals by their flexible given name initial, their patronymic initial, and their
full inherited name, rendering these two linguists as V. B. Kasevich and A. A. Kamynina,
respectively. This alternative convention is denoted as “Russia-2” in Figure 3.4.

Our analysis also makes clear that current academic publishing conventions (flexible given
name initial + full fixed inherited name) lead to more ambiguity for Chinese and Korean
names than for U.S. names, even though almost every full name phrase was unique in every
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dataset. Figure 3.4 plots the entropy of the flexible given name + the fixed inherited name
initial (i.e., where Charles Darwin, Charles Dickens, and Charles Dodgson are all indexed as
Charles D.) against the flexible given name initial plus the fixed inherited name (C. Darwin,
etc.), and shows that when EACS names are not initialized according to Western conventions
they are far less ambiguous. In addition, indexing every syllable in a Korean flexible given
name (e.g., H. M. Son instead of H. Son) increases the entropy of the index distribution
dramatically, and initialized Russian inherited names become less confusing if the initials for
both the full flexible given name and the full patronyms are utilized.

In our analysis so far, we have treated each name atomically, but it cannot capture
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Figure 3.4: Imposing the indexing convention from one culture to another makes
name indices less informative and more confusable. a): Number of repeated names,
for each of flexible given name, fixed inherited name, and the two initialism conventions we
consider (i.e., Russia-2 and South Korea-2). The darker bars show naming conventions which
are mostly unambiguous on the scale of scientific communities as measured in our sample.
Russia-2 and Korea-2 refer to forms using the Russian patronymic and Korean generational
name as part of the initials (e.g. A.N. Kolmogorov and Lee H. J.). b): Entropy of names of
the form C. Darwin vs. Charles D., across cultures. The dark red line represents the maximal
attainable entropy from 425 names. c): The likelihood of confusion, as measured by the mean
number of neighbors per 1000 for each name style (left: flexible given initial + fixed inherited
name; right: flexible given name + fixed inherited name initial) among scientist names in
each country. Error bars represent 95% bootstrapped confidence interval. Two-tailed t-tests
suggested that EACS names are more confusable than Western names when they are indexed
by flexible given initial + fixed inherited name (¢t = 24.014, p < 0.001), and Western names
are more confusable than EACS names when they are indexed by flexible given name + fixed
inherited name initial (¢t = —28.531, p < 0.001).

a critical factor in the empirical functioning of name systems: psychological confusability.
Words are harder to process in the presence of competitors, and this effect increases as
discriminability decreases [201]. To estimate the effect of this factor, we computed the number
of orthographic neighbors in our datasets, defining neighborhoods in terms of the number
of 0-edit and 1-edit neighbors of each name under the possible initial + name sequences,
namely flexible given name initial + full fixed inherited name, and full flexible given name
-+ fixed inherited name initial. The results are illustrated in Figure 3.4. EACS names have
many more 1-edit orthographic neighbors when indexed in the Western convention (flexible
given name initial + full fixed inherited name; two-tailed ¢(1274.3) = 24.014, p < 0.001,
p = 19.309, 95% confidence interval=[17.732, 20.888]): Chinese names have an average 22.79
neighbors per 1000 names, and Korean names have an average of 97.5 neighbors per 1000
names, compared with Western countries where the numbers are lower than 0.5 per 1000
names. In addition, similar to the results in the entropy analysis, the number of 1-edit
neighbors is sharply reduced for Korean names under the Western indexing convention when
every syllable in a Korean flexible given name is indexed (16.7 per 1000 names, compared to
97.5 if only the first syllable is indexed). On the other hand, EACS names have many fewer
1-edit neighbors than Western names when the names are indexed by full flexible given name
+ fixed inherited name initial (two-tailed #(2134.1) = —28.531, p < 0.001, 5 = —5.813, 95%
confidence interval=[-6.212, -5.413|). In our sample, “H Kim” is the index most likely to be
confused, with 95 1-edit neighbors such as W Kim, B Kim, and H Lim. “Vladimir M” is the
most confusable index in non-EACS names, having 45 1-edit neighbors such as Vladimir T
and Vladimir D. But when including the full patronym, Russian name indices become much
less likely to be confused.
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3.3 Discussion

In the sample examined above, Western naming conventions resulted in far more confusable
and ambiguous renderings of EACS names. To put these results in a wider perspective,
in 2010, neuroscientist Li Zhaoping described how the conventional way of publishing her
name in U.S. academia (Z. Li) made it ambiguous [202]. Given the importance of name
recognition and name memorability in academia [203-206], Zhaoping went on to describe how
the confusability that results from the way their names are rendered in western publishing
continuously puts EACS scientists at a disadvantage, and announced that while by convention
her name ought to written as ‘Z. Li’ for scientific publishing, she had decided to use L.
Zhaoping instead.

Our analysis provides quantitative support for this position by showing that when the
names of all of our EACS scientists are encoded Zhaoping’s way, duplication rates in the
EACS and Western datasets become similarly low. These results can enable other scientists
to make decisions about their authorial identities in the context of a broader theoretical
and historical framework that provides a more complete account of the functionality and
effectiveness of names.

We suggest that increased popular awareness of these issues can play an important role in
increasing cross-cultural understanding. The common misconceptions currently associated
with name codes can make the world’s name systems appear arbitrary. Researchers examining
Chinese given names emphasize how “individuality is expressed by the [Chinese| given name’
and note how “the opportunities for creativity and originality in the [Chinese| given name
are much greater than in English name-giving tradition” [194]. Meanwhile, Western-focused
narratives make exactly the ‘opposite’ point when it comes to the expressiveness of inherited
names: “how tedious it would be if British surnames had the same neatness — and terseness:
Park is a longer than average name in Korea. Koreans don’t have names which ramble away
into the distance like Featherstonehaugh, Haythornthwaite, or McGillicuddy” [207]. We have
shown how, when seen from an information-theoretic perspective, the world’s name systems
share a common structure. In the languages examined here, a relatively small set of largely
meaningless prefix-names was used to mark other lexical items as bynames to yield systems
that, at least historically, enabled large sets of identifiers to be created without inflating
the lexical inventories of languages. These vernacular name systems allowed identities to be
communicated in ways that were smooth and efficient.

We have also shown how modern differences in these systems arose out of the different
ways in which vernacular names were repurposed as fixed identifiers. And we showed how the
lack of attention to the false equivalences that these changes have created in name systems
can lead to unforeseen negative outcomes—along with some simple ways in which, once
the common information structure of names is understood, these negative outcomes could
be reduced or even eliminated. In particular, future research could explore how naming
conventions could be improved for scientific publishing—e.g., using scholars’ full names
and /or offering scholars flexibility in how they choose to be identified—so that the various
requirements of publishers, libraries, databases etc. when it comes to recording and indexing
the output of scientific authors can be reconciled with the need of each author to have their
specific outputs associated with their own authorial identity.

If we extrapolate from historical data anywhere in the premodern world, 12-15 of the main
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characters in Game of Thrones ought to have shared the same most common prefix-name.
Instead, the prefix-name of almost almost every character was unique! What our results
indicate is that, while this kind of unique name system might seem plausible in the realm of
fantasy, historical name systems were very different and featured large amounts of duplication.
Information theory not only provides an explanation for that duplication, it can help explain
why name systems across languages shared a common structure in the past. It also explains
how important it is to understand this structure when it comes to manipulating these systems,
whether this be for the purpose of creating official identifiers, or establishing standards in
publishing. While accepting that the requirements of indexers must also be considered,
these results indicate that a reversion to something closer to the historical norm — allowing
individuals more flexibility in choosing how their names are presented — not only has strong
historical and information-theoretic precedent, it could both help individuals reduce nominal
ambiguity and do so more efficiently in the future.

3.4 Methods

This study was reviewed and declared exempt by the Institutional Review Board at the
University of Texas at Austin as STUDY00004122.

3.4.1 Study 1

To estimate and compare prefix-name entropy across cultures and historical time, we drew
name data from various sources. In what follows, we describe these datasets in further detail,
and characterize how we compared them. Our usage of these datasets are compatible with
their respective terms and conditions (See B.2 for more details).

Materials

US Name Data were taken from birth name records made available by the Social Security
Administration [186]. The dataset includes prefix-names of babies born between 1910 and
2018 in all 50 states in the US. Since 1910 was the first year when the dataset was available,
and 2010 was the last year for which census name data were available, the data between 1910
and 2010 were analyzed. Only prefix-names that are shared by more than 5 people in each
state in each year are included in the data, with entries being restricted to cases where an
individual’s birth year, sex, and state of birth are on record, and where their given name is at
least 2 characters long. The names in the records are then pre-processed to remove hyphens
and spaces, so that Julie-Anne, Julie Anne, and Julieanne all count towards the same name’s
frequency.

For our detailed analyses, we chose a representative small state (Delaware) and a repre-
sentative large state (California); however, further analyses showed that the name data for
other states pattern similarly.

The majority of the Vietnamese-Americans sampled in the 2010 census [180] are
naturalized citizens who were born—and named—in Vietnam [208|. This made it possible to
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recreate a distribution of Vietnamese prefix-names (family) from US family name data to
examine whether previous findings regarding Korean and Chinese prefix-names (which are
exponentially distributed [170,172]) generalized to other EACS languages (see Figure 3.4a).
To make this estimate, two lists of frequent Vietnamese prefix-names [209,210] were combined
with a Vietnamese names list from Wikipedia. This yielded a total of 62 prefix-names (family
names), the frequencies of which were then extracted from a dataset containing counts of
the family names that occurred most frequently in the US 2010 census published by the US
Census Bureau (source: [180]). The US census data contains family names shared by at least
100 people, along with the number of people bearing each last name, and the percentage of
each name’s distribution across 6 Race and/or Hispanic Origin subgroups.

US census entries use only the 26 letters of the English alphabet, which means that when
many Vietnamese names are entered into it they become confusable with Western family
names (e.g. the Vietnamese family name “Bach” is entered as “Bach”, a typically German
family name). To improve the accuracy of our estimate we multiplied the number of people
having each last name by the percentage of people with that last name in the Asian/Pacific
Islanders (API) subgroup.

Name data for South Korea were obtained from the Korea National Statistic Office
website, which published a dataset containing a list of the prefix-names shared by more
than 5 people in 2015 census, along with the number of people with each name [178]. The
prefix-names are listed in both Hangul (a phonetic writing system) and Hanja (a logographic
writing system based on Chinese characters). Since multiple prefix-names written in Hanja
sometimes share the same Hangul (e.g. the prefix-names in Hanja “Zl”“FE” Bk, «”, “j&”,
“# and “PE” are all written as “%=(Do)” in Hangul), we use Hanja characters as our unit
of analysis. There are in total 533 Hanja prefix-names in the census, covering 49.7 million
people in total.

Taiwanese Name Data was taken from a list published as part of a report by the
Taiwanese Ministry of Interior in 2018 (source: [179], Table 57, pp.282-304). It contained 1832
prefix-names listed using traditional Chinese characters, along with the number of people
sharing each name. We manually logged the 500 most popular prefix-names, covering a
population of 23.5 million. The 500th most popular prefix-name is shared by 135 people.

Finnish Name Data were extracted for the period post 1900 from a larger set of
genealogical Finnish name records collected and organized by [184].

The Scottish data, was extracted from the National Records of Scotland and published as
an appendix in [175], and comprises the prefix-names recorded in four parishes (Earlston,
Govan, Dingwall, Beith,) from 1700 to 1800. The English name data were extracted from
George Bell’s parish marriage register transcriptions for Northumberland and Durham between
1701 and 1800 [177].

The English records had been pre-processed to take account of alternate spellings of the
same name (e.g., Ann / Anne / Hanna) and common abbreviations (e.g., Thomas being
abbreviated to Thos.). Accordingly, we applied the same process to the Scottish data, as
well as additionally removing obvious bynames that had been mistranscribed as prefix-names
(e.g., where McVey is given as a prefix name). To estimate the potential impact of this kind
of pre-processing, test comparisons between the processed and unprocessed distributions were
then conducted. The results of these comparisons indicate that the effects of pre-processing
on comparisons between name distributions are marginal (all pointwise R? > .98), suggesting
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that the pre-processing that many of the other datasets we analyzed were subject to would
have been unlikely to significantly affect the results of our analyses. We also calculated the
prefix-name entropy of the four Scottish parishes using the original data (results presented in
Table 3.5), and we again found the influence of pre-processing on entropy estimation to be
minimal.

Parish  Entropy before pre-processing (bits) Entropy after pre-processing (bits)

Beith 4.42 4.35
Dingwall 5.00 4.87
Earlston 4.85 4.85

Govan 4.84 4.70

Table 3.5: The prefix-name entropy of four Scottish parishes calculated using the original
data and the pre-processed data (where we account for alternate spellings of the same name,
name abbreviations, mistranscription, etc.). The result from the pre-processed data was the
one shown in Table 3.1

The premodern Finnish name data are taken from records made before 1800 in the same
dataset from which the modern Finnish name data were taken from [184]. The pre-1800
dataset comprises 1748523 birth records in total, with 1833 unique names, and again, spelling
variations have been standardized as per [184].

3.4.2 Procedure

For each location, we calculated the entropy of the prefix-name distribution as a measure of
the information conveyed by the distribution. For privacy reasons our modern datasets do
not report name data below a certain population threshold. To account for these missing
data, we estimated a lower bound and an upper bound of the true prefix-name entropy in
each location.

As was described in the Results section, the entropy calculated from the datasets serves
as a lower estimate of the true entropy. If a dataset contains N names from M, people, and
the occurrence frequency of name i is f;, then My = le\il fi, and the lower bound entropy of
the dataset can be estimated by Equation 3.2 below:

_ fz fz
Hlow - Z Mol S 3 MO [32]

Unlike our modern samples, the pre-modern Western datasets for Finland, Northern England,
and Scotland are comprehensive, such that the entropy from Equation 3.2 is the true entropy
of the population.

For the other datasets, an upper bound estimate is calculated as follows. First, we obtain
the population of each locale from census data [211]. The population of the entire US,
California, Delaware, and Vietnamese-Americans is extracted from the 2010 US census data
[212-215]. The population of Taiwan is taken from data published by the Taiwan Department
of Household Registration in January 2018 [216]|. The population of South Korea is extracted

78



from the 2015 Korean census [217]. If the population of a locale is M, then there are M — M,
persons whose prefix-name data are left out in our datasets. We assume each of these M — M,
persons gets a unique prefix-name, which makes the total number of unique prefix-names
N+ M — My, and f; =1fori € [N +1, N+ M — M,]. Therefore, the upper bound entropy

can be calculated as
N+M—M,
i

fi
Hyp = — ; 17 log 17 [3.3]
The discrepancy between Hjo, and Hpin will generally be higher when the data are more
incomplete.

3.4.3 Study 2
Materials

As noted above, the combination of well-preserved genealogical sources and the fact that the
transition from flexible to hereditary fixed bynames proceeded asymmetrically in Finland
(hereditary bynames became dominant in eastern Finland earlier than western Finland [185])
mean that the Finnish name records described above [184] provide a unique opportunity
for exploring the consequences of changing previously flexible bynames into the systems of
hereditary fixed patronymic-bynames widespread today.

For the period 1600-1917, the dataset comprises 4908687 birth records in total, with
5377 unique prefix-names. Each birth record comprises the prefix-name of the baby, the
parish where the baby was born and recorded, and, when available, a paternal byname. We
divided the records into 5 different year bins: pre-1730, 1730-1780, 1780-1830, 1830-1880, and
post-1880 (no data were excluded from this analysis).

Procedure

We focused on the following variables for each birth:

e parish: The church parish where the baby was born and recorded.

latitude: The latitude of the parish.
e longitude: The longitude of the parish.

e baby first name (child_first_nameN in the original data): The first/given/prefix-
name of the baby.

e father byname (dad_last_nameN in the original) The byname, when available, of
the father. This serves as a critical variable in that we use the choice to include or
exclude the father’s byname as reflective of the usage of fixed, patronymic-bynames
in the parish. When the father’s patronym (father’s name, a separate variable in the
original data) is reported, we do not include this.
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birth year bin  count
up to 1730 214617
1730-1780 950686
1780-1830 1745407
1830-1880 1549536
post-1880 448441

Table 3.6: Birth year categories for Finnish data, with counts

We filtered to include birth years from 1600 on. That left us with data from 482 parishes,
with birth years from 1600 to 1917. The birth years were broken into discrete categories, as
shown in Table 3.6.

To compare equal-sized amounts of data, for each parish and for each birth year bin, we
sampled 50 births.

From this data, we computed, for each parish and birth year group:

e the entropy over first names, computed as > . —p; - log,(p;) (as per Study 1).

e the proportion of births that included the father’s surname.

3.4.4 Study 3

Materials

The list for U.S. scientist names were extracted from the United States National Academy
of Sciences [199], an honor society for academics in the sciences, broadly construed. The list
contains living and deceased members. We extracted the part of the name that comes first as
the flexible given name and the part that comes last as the fixed inherited name. We treated
the name that appears between as a middle name, but did not consider it since typically
(although not always) middle names are not used in the U.S.

The list for Chinese scientist names were extracted from the Chinese Academy of
Sciences [195], a scientific honor society in China, containing living and deceased members.
The list contains members elected as early as 1955. Names on the Wikipedia site appeared
transliterated (as pinyin, Latinized script) and were already displayed in the Western name
order, e.g., Zhiqin Xu. Most names consisted of two parts. We assume the part of the name
listed first is the flexible given name (the byname in Chinese), and the second name listed is
the fixed inherited name.

The list for French scientist names were taken from the French Academy of the Sciences,
a scientific honor society in France. The list [197] contains “full members, adjunct members,
corresponding members, and foreign associated members, of all times, since its foundation
until today." We treated the part of the name that comes first as the flexible given name and
the part that comes last as the fixed inherited name.

The list for Finnish scientist names were taken from the Finnish Academy of Science
and Letters contains. We copied the list of “domestic members” from the site given [196].
The list of members is made publicly available by the Academy. There were typically two
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elements to each Finnish name, and we treated the part that comes first as the flexible given
name and the part that comes second as the fixed inherited name.

The list for Russian scientist names were extracted from the Russian Academy of
Sciences, which contains names of the electees on its website [200]. The names are made
publicly available by the Russian Academy of Sciences. We extracted the names “full members’
from the site, which provides them in Cyrillic script. All subsequent analyses were conducted
using this script. Names for Russian individuals typically included three elements: a flexible
given name, a patronymic, and a fixed inherited name. We extracted the list into these three
elements when possible. We consider names with and without patronymics in our analyses.

The list for Korean scientist names were extracted from the Korean National Academy
of Science, which includes members from the humanities, social sciences, and natural sciences.
We copied the publicly available names from the Academy’s website [198]. Korean names
often have a fixed inherited name and a flexible given name, where the flexible given name has
two components that are separated by a space or hyphen when transliterated. In our dataset,
the names are transliterated ahead of time. When the flexible given name is separated by
a space or hyphen, we conduct two different analyses: treating it as a single given name
or as two components. We make this decision since some Korean writers publishing under
Western conventions use a double-barreled initialism with a full fixed inherited name (e.g.,
K.W. Chang for Chang Ki Won).

Three of our samples were obtained from Wikipedia, copied in a way consistent with
Wikipedia’s terms of service. The other 3 samples (for Korea, Finland, and Russia) were
copied from the websites of their respective academies. In all cases, the names of members
are intentionally provided to the public as public information and were accessed as intended.

)

Procedure

We used these datasets to obtain cross-cultural samples of names from the relevant communi-
ties. These were then processed and downsampled as described in Study 3 Results.

3.5 Data Availability

The American, Korean, and Taiwanese name census data, as well as the birth records
of parishes in Scotland and northern England, have been deposited on Zenodo (https:
//doi.org/10.5281 /zenodo.17644337) [218|. The Finnish birth records are available from [184].
The scientist name data are not available due to data privacy concerns, but can be accessed
on request by contacting the corresponding author.

3.6 Code Availability

Code for reproducing analyses is available on Zenodo (https://doi.org/10.5281/zenodo.
17644337).
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Chapter 4

The conceptual structure of laws leads to
legalese

Note This chapter is adapted from a manuscript to be submitted for review:

Chen, S., Brown, T., Mollica, F., Martinez, E., and Gibson, E. (in prep), The conceptual
structure of laws leads to legalese In preparation.

Abstract Legal texts are notoriously difficult to understand, and recent work has identified
complex sentence structures as the key culprit. One explanation for the complexity of legalese
is that of a historical artifact: an early version of laws was written in a convoluted way and
then just edited in subsequent editions, preserving the complexity of the original, perhaps
because the style was successful in achieving its goals. Another explanation is that the
meanings that laws need to convey naturally lead to complex grammar. To evaluate these
possibilities, drawing on corpora from the 7th century Tang Code, we examined linguistic
complexity of legal texts in ancient China, which were created independently of the laws in
Western civilizations. We found that classical Chinese legalese exhibits substantially greater
grammatical complexity (longer inter-word dependencies) than non-legalese texts from the
same time period, which suggests that the complexity may stem from the complexity of
the intended meanings. However, our analysis of modern Chinese legalese texts show that
grammatical complexity is much reduced compared to both the Tang Code and to modern
American English legalese. This reduced complexity is likely due to modern-day Chinese
lawmakers adopting alternative drafting strategies aimed at reducing syntactic complexity
while conveying the same meaning, by breaking down single sentences into multiple simpler
clauses. In summary, although the initial tendency of lawmakers may be to compose a rule
(law) using a single sentence, which often leads to long “if ... then” dependencies, it is
possible to express the same meanings in simpler ways.

Significance Statement American legalese heavily relies on complex grammar, especially
long-distance inter-word dependencies. Here we show that the legal texts in ancient China, a
civilization with distinct legal origins and traditions from the US, also use similarly complex
sentence structures. In contrast, modern Chinese laws, which overlap in the kinds of meanings
with the classical Tang Code, use much simpler sentences, demonstrating that meanings of
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laws do not necessitate complex grammar. We hope these findings contribute to ongoing
efforts to simplify legal texts in the US to make them more understandable for both lawyers
and laypeople.

Keywords Legal language, dependency grammar, corpus studies, sentence processing

4.1 Introduction

Laws are formalized rules telling people what they can and cannot do, as well as the
corresponding punishments if such rules are violated. In many countries, in order for these
rules to be enforceable, they need to be clearly stated, so that laypersons are able to understand
what exactly are prohibited. In the United States, this principle is stipulated in the fair
notice doctrine [219] and the vagueness doctrine [220]. However, this seems to be not the
case in the US in practice, as American legalese texts are found to be notoriously difficult to
understand for laypeople [45,48]. Although there have been continuous efforts to simplify
legal language from the top of the US Government [47,221|, on the contrary, it is found that
legal texts remain difficult to understand [222].

In [45], a large-scale corpus analysis showed that compared to non-legalese texts, such
as academic papers and newspaper articles, legalese texts have a higher concentration of
ALL CAPS usage, lower average word frequency, a higher concentration of passive voices,
and a higher concentration of center-embedded syntactic structures |a clause embedded in
the middle of another clause, such as “the dog {which chased the cat} ran away”, [28]).
A behavioral experiment in [45] suggested that among these features, center-embedding
sentences hindered participant comprehension and recall to the most extent. This finding is
consistent with previous studies which suggest that structures with long-distance syntactic
dependencies, such as center-embedding, lead to comprehension difficulty [28-30,32,223|. This
leaves us to wonder: what is the origin of such complexity in legal language, and why does it
persist?

[224] evaluated several hypotheses for why the complexity of American legalese persists.
Their results showed that lawyers preferred plain-English versions of legal texts and, like
laypeople, found legalese harder to understand than equivalent non-legalese texts [225]. These
effects provide evidence against several hypotheses: (a) that legalese helps lawyers justify
fees by making legal work seem inaccessible [226]; (b) that legalese improves precision or
enforceability [46]; or (c) that legalese becomes easier to process with legal training. [227] then
examined whether legalese is reproduced even by people without legal training. They found
that laypeople produced more convoluted language when asked to write official laws than
when asked to write unofficial legal texts of equivalent conceptual complexity, suggesting that
legalese persists both through copying from traditional templates and because its convoluted
style signals authority.

Whereas prior work has sought to explain why the complexity of legalese persists, it
remains unclear why it appeared in the first place. Here we introduce the Content-of-Law
Hypothesis as a possible explanation. The concepts underlying laws are predominantly
higher order predicates that specify relations among sets of events. One such relation is
conditionality: a law consists of details of offenses (complex events) as preconditions, and
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the associated punishment (further complex events) if the preconditions are met. A way
to write laws that is isomorphic to the conditional conceptual structure of law is to convey
such structure in a single sentence that leads with a conditional (e.g. “if...then...”). Such
construction induces long-distance syntactic dependencies. For example, the structure is seen
in the Code of Hammurabi [228], one of the oldest legal texts: in (4.1), Article 1 of the Code,
the situation is outlined in a conditional clause led by a subordinate conjunction Summa (if),
followed by the punishment. A long-distance dependency is created to connect the verb of
the conditional clause ubbir with the main verb idddk.

Source: The Code of Hammurabi, Article 1

Sentence [229]: Summa awilum awilam ubbir-ma nertam elisu iddi-ma la uktissu,
mubbirsu iddak.

Translation [229]: If a man accused a man and laid (a charge of) murder against him
but has not convicted him, his accuser will be executed.

summa awilum awillam ubbir-ma nertam elisu iddi-ma la uktissu s mubbirsu iddak
man  man accuse-and murder against him lay-and not convicted him his accuser will be killed

SCONJ NOUN NOUN VERB NOUN ADP VERB ADV VERB PUNCT NOUN VERB  PUNCT

[4.1]
The dependency will be even longer if both the offense and the punishment are complex
events, resulting in convoluted laws like the DUI provision in the Massachusetts General Laws
(4.2). Here the condition includes details about the location of the offense, the substance
involved, and the physiological state of the driver, which is inserted as clausal modifier
of the subject There are also three potential options for the punishment. Long-distance
dependencies are created to connect the subject with the main verb of the sentence and to
connect all the details about the condition with each other.
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Source: Massachusetts General Laws, Chapter 90, Section 24

Sentence: Whoever, upon any way or in any place to which the public has a right of
access, or upon any way or in any place to which members of the public have access as
invitees or licensees, operates a motor vehicle with a percentage, by weight, of alcohol in
their blood of eight one-hundredths or greater, or while under the influence of intoxicating
liquor, or of marijuana, narcotic drugs, depressants or stimulant substances, all as defined
in section one of chapter ninety-four C, or while under the influence from smelling or
inhaling the fumes of any substance having the property of releasing toxic vapors as
defined in section 18 of chapter 270 shall be punished by a fine of not less than five
hundred nor more than five thousand dollars or by imprisonment for not more than two
and one-half years, or both such fine and imprisonment.

nsubj
@
X
Whoever, ... operates a motor vehicle with a percentage, by weight, of alcohol..., ... shall be punished ... or both such fine....

[4.2]

The above examples from the Code of Hammurabi and from the Massachusetts General
Laws seem to be consistent with the Content-of-Law Hypothesis. However, they are also
consistent with a hypothesis proposed in [227]: the Copy-and-paste Hypothesis, which
says that new laws were drafted by copying and pasting from existing templates [230].
American legal tradition, or more generally, the Western legal tradition, date back to the New
Canon Law in 11th century CE, which draws inspirations from legal traditions and thoughts
in ancient Rome, ancient Greece, and ancient Israel [231]. Other sources also pointed out the
influence of ancient Egypt and ancient Mesopotamia [232], where the Code of Hammurabi was
the law. According to the Copy-and-paste Hypothesis, the complexity of American legalese
texts may be a historical accident, as American laws may have inherited the template from
the Code of Hammurabi, which was written in a royal dialect of Akkadian [228].

To evaluate the two hypotheses, we examine the earliest legalese texts in a different
civilization to see if they shared the same way of writing. If they do, it will provide support
to the Content-of-Law Hypothesis, and if they do not, it will support the Copy-and-paste
Hypothesis.

Specifically, in this study, we analyze legalese and non-legalese texts from ancient China,
a civilization with a distinct history and tradition. Western law’s predecessors mostly had a
divine origin, or in other words, these laws were said to have been given to mankind by a god
or gods [233]. For example, in Plato’s book Laws (Népot), when a Cretan was asked by his
companion from Athens on whether he would attribute the origin of their legal system to a
god or to a man, he replied “to a god” (©cdc) and further elaborated that the god is Zeus
in Crete and Apollo in Sparta [234]. In contrast, Chinese legal tradition seems to have an
independent, secular origin: Li Xing (Punishments of Lii, =), the legal code in early Zhou
Dynasty and likely the earliest explanation of the origin of Chinese legal code [233], states
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that during the reign of King Mu (circa. 950 BCE), frictions between different parts of society
became severe, and the ruling class had to create written legal codes to keep the society
in order. According to Shang Jiin Shu (the Book of Lord Shang, i &), a foundational
book on Chinese legalism, “as the people were numerous and wickedness and depravity arose
among them, they [the sages| therefore established laws and controls and created weights
and measures, in order thereby to prevent these things” [235]. Huai Nan Zi (The Master of
Huai-nan, {7 F) explicitly refutes a divine origin of Chinese law, stating that “Law is not a
gift of Heaven, not a product of Earth. It was devised by humankind but conversely is used
to rectify themselves” [236].

We compare the average dependency length per sentence between the Tang Code (Chinese:
JERE#E), which is the oldest comprehensively preserved legal code in ancient China, and
non-legalese texts from the same time period (the Tang Dynasty, 618-907 CE). The Content-
of-Law Hypothesis predicts laws in the Tang Code exhibit longer dependencies than
non-legalese texts. It will also predict that similar to the Code of Hammurabi, laws in the
Tang Code also organize complex concepts into single sentences, because such a way of writing
is isomorphic to the conceptual structure of law.

Laws being difficult to understand is hardly a new problem. Many legislatures have carried
out reforms to make their laws more accessible to laypeople [44,221]. China, however, went
through a more fundamental change in legal tradition: following the fall of the Qing Dynasty,
the traditional legal system was abandoned, and a drastically different modern legal system
was established [237-239]. While new laws were being drafted, the Chinese government was
carrying out a reform to simplify the Chinese language in order to increase the literacy rate
[240].

How effective was the reform? In the second part of the study, we analyze legalese and
non-legalese texts in mainland China and compare their dependency lengths. If the reform is
effective, we would expect no much difference in dependency length between modern Chinese
legalese and non-legalese.

Mainland China is not the only society legislating in Chinese: so are Hong Kong and Taiwan.
Although the three societies share a same language, legal traditions and practices in Hong Kong
and Taiwan are heavily influenced by the United Kingdom and Japan, respectively [241,242].
Can foreign influence affect the complexity of legalese texts in Chinese by introducing syntactic
features of other languages into Chinese? In the third part of the study, we analyze legalese
texts in Hong Kong and Taiwan, and we compare the dependency length between these texts
and non-legalese texts in Chinese.

The paper is organized as follows. We first analyzed legalese and non-legalese texts
in classical Chinese. For classical Chinese, we analyzed texts in the Tang Code and 40
articles from the same time period as non-legalese controls. We found that legalese texts
have longer dependencies than their non-legalese counterparts. Next, we analyzed legalese
and non-legalese texts in modern Chinese, drawing from a law database and several other
contemporary Chinese corpora such as Wikipedia and news. Here we found that legalese texts
have longer dependencies than their non-legalese counterparts, but the difference is much
smaller than what was observed in a previous study on American English [222]. We found
the same for Hong Kong and Taiwanese legalese texts. We then discuss the implications of
our findings.
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Figure 4.1: An illustration of different texts in the Tang Code. Purple: the article
text, laying out the offenses and the punishments associated with each offense. Green:
commentary, providing essential information to the article text. Orange: subcommentary,
providing additional background information to the article text. Pink: query and reply,
clarifying certain points in the article text or providing hypothetical scenarios. We only
analyzed article texts and commentaries in this study. The images are scanned from a Song
Dynasty (10th-13th Century) copy of the Tang Code, available on Wikisource under a CC
BY-SA 4.0 License [245].

4.2 Dependency length comparison between legalese and
non-legalese in classical Chinese

We analyzed legalese and non-legalese texts in classical Chinese. The legalese texts are taken
from the Tang Code (Tang Lii Shu Yi JERE{#E), the earliest legal code in ancient China that
is comprehensively preserved [243|, dating from the Tang Dynasty (618-907 CE). It also has
profound influence on criminal investigation in China until the Qing Dynasty (1616-1911 CE)
as later dynasties often adopted a considerable amount of the Tang Code as their own codes
with little or no modifications [244]. An example of the Tang Code can be seen in Figure 4.1,
with each aforementioned text highlighted. We randomly sampled 150 articles from the
Tang Code (30% of the articles) for the analysis. The non-legalese texts are a collection
of 40 political commentaries, narrative fictions, and biographical texts, all of which were
composed during the Tang Dynasty (618-907 CE). Tables S1 and S2 in the Supplementary
Information lists the name, the author, and the genre of the 40 non-legalese texts we selected.
We randomly sampled 10 sentences from each article for the analysis.

We manually annotated and parsed all the sampled texts, largely according to conventions
in Universal Dependencies [246]. A detailed description of our annotating and parsing
convention can be found in Supplementary Information 1. The main variable of interest is
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Table 4.1: Number of sentences and mean dependency length in each text type.

Genre # sentences Avg. dep. length

Legalese 614 2.62

Non-legalese 485 2.06
Classical Chinese

N

mean dependency length

-
legalese non-legalese
genre

Figure 4.2: Legalese texts in classical Chinese exhibit longer dependencies than
non-legalese texts from the same period. Mean dependency length per sentence in
legalese and non-legalese classical Chinese texts.

the average dependency length per sentence, as dependency length is regarded as a proxy for
comprehension difficulty [28]. In addition to average dependency length, we also considered
average word frequency as another metric for comprehension difficulty [45]. The methods and
results are shown in Supplementary Information 2. We did not find a significant difference in
word frequency between legalese and non-legalese texts.

Table 4.1 lists the number of sentences and the mean dependency length in each type
of texts in our analysis. Figure 4.2 shows the average dependency length for legalese and
non-legalese texts in classical Chinese.

In classical Chinese, legalese texts on average have longer dependencies, compared to
their contemporary non-legalese counterpart. We ran a mixed-effects linear regression using
the lme4 package [247]| in R [145], where the genre (legalese vs. non-legalese) were coded as
fixed effects, with random intercepts by article. We found a significant main effect of genre
(6 =-0.62, SE=0.091, t = —6.8, p < 0.001).

What might have contributed to longer dependencies in legalese texts? Here we looked
into the average length of each dependency, and how frequently they occur.

The results are presented in Figure 4.3. Among classical Chinese legalese texts, the longest
dependencies are det (determiner), advel (adverbial clause), acl (clausal modifier of nouns),
and conj (conjunct). Within these dependencies, in non-legalese texts, advcl also occurs at
a similar frequency. conj is used to a less extent, whereas acl and det are rarely used. Such
disparities likely explain the difference in dependency length between the two genres.

Is there a common sentence structure in the Tang Code? When analyzing the text, we
observed that apart from the first few articles that describe the general principles, virtually

=

every article follows the same conditional structure: “§&...7”, where the situation of the
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Figure 4.3: Dependencies related to conditional relations contribute to the longer
dependencies in classical Chinese legalese. The average dependency length by depen-
dency relation in classical Chinese. The dependencies are arranged by their relative frequency
in each genre (left: less frequent, right: more frequent).

crime is described between the determiner “§&” (all) and the particle “3” (those who...,
cases where...), followed by the associated punishment. This situation-punishment structure
is consistent with the ones we have mentioned in the Code of Hammurabi (4.1) and the
Massachusetts General Law (4.2).

In fact, this “#%...&” structure is likely the main contributor to the longer dependency
length in the Tang Code: the particle “#&” (cases) is the head of the clause describing
the situation; “F4” (all) is the determiner modifying the head noun; and more importantly,
all the details of the offense are inserted between “5%” and “#” as clausal modifiers. For
example, in the sentence below (4.3), the details of the offense (during a court celebration,
putting a person in charge of it while knowing the person is in a mourning period for a close
relative) is presented as the clausal modifier of the particle “#”. This insertion introduces
three long-distance dependencies: acl (dep. length=12), which connects the top node of
the clausal modifier “%41” to the particle “#”, det (dep. length—16), which connects the
determiner “§&” to the particle, and conj (dep length=9), which connects the top node of
the second coordinated element “7%” with the top node of the first element “&1”. In contrast,
in non-legalese texts, clausal modifiers do not appear as often as in the Tang Code, and
determiners usually appear next to the noun they modify. In fact, in classical Chinese, clauses
are rarely connected together via function words, as the conditions between them are either
usually clear either in context or from their relative order [248]. For example, in (4.4), the
four clauses describe a rebellion and its aftermath in a chronological order.

The results from classical Chinese seem to support the Content-of-Law Hypothesis:
lawmakers in ancient times across cultures, from the Code of Hammurabi to the Tang Code,
express complex conditional relations in single sentences. The results also imply that the
complexity in American legalese texts did not originate from a historical accident by inheriting
a peculiar writing style from the ancient times.
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ID: 9:101:1:1

Sentence: FBFAF » FNAMMLL L€ - BRMEE > BLT

Translation [244]: All cases of putting a person in charge of a court celebration while
knowing that he is in mourning of a relative within the fifth degree of mourning are
punished by fifty blows with the light stick.

7 g = g oA # L S i K & It # # # ’ & nt
dll court  celebration know  has hemp hemp y above mourning still fill  execute matter those who be: fifty
DET NOUN VERB PUNCT VERB VERB NOUN NOUN ADP NOUN NOUN PUNCT \I"RB VERB VERB NOUN PART PUNCT \/}*RB NUM PUNCT

[4.3]

ID: liang-han-bian-wang:2:11

Sentence: EUHREEFFRE - IABURLN : WS - 2T

Translation: It causes bands of rebels to seize power, repeatedly taking control of the
country. Disorders accumulated, and evil spread across the whole country, extending
even to when the Marquess of Xindu taking control.

ROOT ROOT ROOT
o
obi coni ol
advmod det mubi N o advmod mmod~N  msubj nsub) case
O B I i ’ #H 7 ; Eic] & # i ’ ESSS S -
lead to cause bands bandlts manipulate power l\e turns grasp Chlei handle disaster ripen poison spread reach until Xindu

ADV VERB DET NOUN VERB NOUN PUNCT ADV VERB NOUN NOUN PUNCT NOUN VERB NOUN VERB PUNCT VERB ADP PROPN PUNCT

[4.4]

4.3 Dependency length comparisons between legalese and
non-legalese texts in modern mainland China

Law being difficult to understand is hardly a new problem, as many have complained about
it. As King Edward VI of England (1537-1553) once said, “I wish that the superfluous and
tedious statutes were brought into one sum together, and made more plain and short, to the
intent that men might better understand them.” [249] Legislatures in many countries have
carried out reforms to make laws easier to understand. For example, in 1875, a committee was
established in the House of Commons in the British Parliament to explore ways to improve
the language used in statutes [44]. Since 1975, the US Federal Government also started the
Plain English Movement to advocate the usage of plain English [221]. However, not all of
these reformations are successful. In the US, despite the top-down effort to simplify legal
texts, they remain difficult to understand [227].
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Language Genre # sentences Avg. dep. length

Chinese Legalese 1556022 3.16
Non-legalese 13876111 297

. Legalese 1308424 3.21
English 0 Jegalese 6074672 2.72

Table 4.2: Number of sentences and mean dependency length in each text type. Results from
American English are pulled from [222], as a comparison of the effect size.

In China, however, there was a more fundamental change in the legal system. The
traditional legal system, exemplified by the Tang Code, was practiced until the end of the
19th Century [239], when the Qing government struggled to modernize China following
the invasions of Western power. Then, the traditional legal system was abandoned as the
Qing Dynasty fell in 1911 [237]|. The subsequent legal systems implemented by the Chinese
Communist Party since 1949 were drastically different from the traditional one [238,239]. The
Communist government placed great emphasis on the simplicity of language. For instance,
the government carried out a campaign to simplify Chinese characters in order to boost the
literacy rate among people [240]. The same seems to be true in legal language too: during
the drafting stage of the Constitution, two linguists (Ye Shengtao and Lii Shuxiang) served
as consultants on language [250], and later in 2007, the Legislative Affairs Commission in the
National People’s Congress established a committee consisting of linguists to proofread draft
bills to be voted on by the Congress [251].

How effective is the simplification effort in Chinese law? In this study, we analyzed
legalese and non-legalese texts in mainland China and compared the average dependency
length across the two genres. If laws are successfully made less convoluted, we should expect
similar dependency length between the two genres.

The legalese texts are taken from an online database maintained by the National People’s
Congress (Z2F ARAFEKE, NPC) of the People’s Republic of China'. We included both
statute laws (those passed by the NPC) and sub-statutory documents (e.g. administrative
regulations). We only analyzed legal documents that are currently in effect. The non-legalese
texts in our analysis consist of multiple genres and are taken from various corpora, such as
Chinese Wikipedia, news, and WeChat articles.

Texts in modern Chinese are annotated and parsed by Stanza (Version 1.10.1) [252], one
of the state-of-the-art part-of-speech taggers and parsers for Chinese texts. The dependent
variables here are identical to those in the classical Chinese analysis.

Table 4.2 lists the number of sentences and the mean dependency length in each type
of texts in our analysis. Figure 4.4A shows the average dependency length for legalese
and non-legalese texts in classical Chinese. Legalese texts in modern Chinese on average
also appear to have longer dependencies, compared to non-legalese texts. To account for
the uneven sample size in legalese and non-legalese data, we randomly sampled from the
non-legalese corpus the same number of sentences as in the legalese corpus. We then combined
the sampled non-legalese sentences with all legalese sentences and fitted a linear regression

R ZRIE A BRI, https://flk.npe.gov.cn/
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Figure 4.4: Modern Chinese legalese texts from mainland China exhibit longer
dependencies than non-legalese texts, but with a smaller effect than in American
English. (A) Mean dependency length per sentence for modern Chinese. Results from
American English are pulled from [222], as a comparison of the effect size. (B-C) Results
from the sub-sampling analysis: (B) Distribution of genre effect estimates (beta) obtained
from 500 comparisons between the legalese data and the size-matched subsamples of the
non-legalese data. (C) Distribution of interaction between genre and language, obtained from
500 comparisons between the legalese data and the size-match subsamples of the non-legalese
data, along with legalese and non-legalese data from a previous study on American English
[222].
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predicting dependency length from genre. We set legalese as the reference level. The effect
size () was recorded, and the entire procedure was repeated 500 times. The results are
shown in Figure 4.4B: the effect of genre is consistently lower than zero and is distributed
around -0.184. Hence, we can say that the dependency length in modern Chinese legalese is
significantly higher than in modern Chinese non-legalese.

However, since our database contains tens of millions of sentences, the statistically
significant difference in dependency length we found might not be meaningful. To assess
whether the effect size is simply an artifact of our large sample size, we drew legalese and
non-legalese texts in American English from [222] as a comparison. American legalese texts
have been found to have longer dependencies than their non-legalese counterparts [227] and
to be harder to understand [45]. We therefore compare the mean dependency length across
genres as well as across languages. If there is a main effect of genre but no interactions
between language and genre, then the difference we found in our analysis reflects a general
pattern and is therefore more likely to be meaningful. On the other hand, if there is an
interaction between language and genre, especially if the interaction effect size is much larger
than the main effect size, we cannot conclude that such difference in dependency length will
necessarily imply that modern Chinese legalese texts are more difficult to comprehend than
their non-legalese counterparts.

The American legalese texts were taken from [222| and consisted of every public law,
private law, concurrent resolution, and proclamation issue by the U.S. Federal Government
between 1951 and 2009. The American English non-legalese texts were taken from the Corpus
of Historical American English [253|, which includes fiction, nonfiction, news, and magazine
articles published between 1951 and 2009. We filtered out sentences that are fewer than 10
words in length, in order to remove sentence fragments such as titles. The dependency length
was calculated in the same way as in the analysis of modern Chinese. Table 4.2 showed the
number of sentences in each genre.

The American English data is presented in the right panel of Figure 4.4A. We conducted
another sub-sampling analysis as before, but here we also added data from the American
English study. We set Chinese and legalese as the reference levels. We repeated the procedure
500 times and plotted the distribution of the interaction. The results are shown in Figure 4.4C:
the interaction is consistently lower than zero and is distributed around -0.3. This result
suggests that although modern Chinese legalese texts have significantly longer dependencies
than modern Chinese non-legalese texts, the difference is much smaller compared to that
observed in American English.

In addition, results related to the average word frequency are presented in Supplementary
Information 2: contrary to American English [45]|, we instead found that the average word
frequency in modern Chinese legalese texts are instead higher than in non-legalese texts,
indicating that laws written in Chinese are less likely to contain low-frequency legal jargon.

Notably, when manually inspecting laws in mainland China, we found that not all the laws
follow the “situation-punishment” structure. When the factual conditions become lengthy,
some provisions first state the punishment framework and then place the covered acts in a
trailing list, as in (4.5).

Taken together, our results seem to suggest the Content-of-Law Hypothesis. Law drafters
in ancient China, just like those in ancient Babylon, followed an intuitive logical structure
to draft laws: describing the situations of an offense, and then the associated punishment.
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However, lawmakers in mainland China possibly recognized the comprehensibility problem of
organizing information with such structure and started to explore other ways to express the
same information in order to facilitate readability.

Genre: legalese - statute laws in mainland China

Source: H3E A RN HV%

Sentence: 1=K ZEFEHIEH - B NIEE 2 — » RUBEGE ANEERE » E=1F
PUNAHATEM & 11k » Wi als SR < 5 B S BRI Ui e 15 35 5k A Ho A Bk
HIGEIR » B=F A E-EFELNEIREN > RS

(—) A ~ SHE BB bEEE R AR T A (- AV EE Y

(Z) ARHRIGHE S AR BRI SO A B ~ off 1 3t A T2 b 3o B o 7 S B 1)
§>i i R A AT AR R B R R AT RE A ~ B ~ BORL ~ B ECE PREBCE At OB T B

(
(M) st ~ RBREEERY -

Translation:  Whoever violates pharmaceutical administration regulations and
commits any of the following acts, thereby sufficiently endangering human health, shall
be sentenced to fixed-term imprisonment of not more than three years or criminal
detention, and shall also, or alternatively, be fined; where serious harm to human
health is caused or other serious circumstances exist, the offender shall be sentenced to
fixed-term imprisonment of not less than three years but not more than seven years, and
shall also be fined:

(1) producing or selling drugs prohibited for use by the drug regulatory department of
the State Council;

(2) producing or importing drugs without obtaining the relevant approval documents for
pharmaceuticals, or knowingly selling such drugs;

(3) providing false certifications, data, materials, samples, or using other deceptive
means in the course of pharmaceutical registration applications;

(4) fabricating production or inspection records.

[4.5]

4.4 Dependency length comparisons between Hong Kong /-
Taiwan legalese and Mainland China non-legalese
texts

So far, we have only analyzed legalese texts in mainland China, but mainland China is not the
only legislatures that draft laws in modern Chinese: legislatures in Hong Kong and Taiwan
also do. Although they share the same language, legal traditions and practices in Hong Kong
and Taiwan are different from those in mainland China, as the system in Hong Kong has
strong British influence [241] and that in Taiwan has strong Japanese influence [242], while
mainland China was under Soviet influence [237]. Moreover, laws in Hong Kong are drafted
in both English and Chinese, and texts in both languages are regarded as conveying the
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Language Genre # sentences Avg. dep. length

Laws - mainland China 1556022 3.16

) Laws - HK 177363 3.19

Modern Chinese ¢ Taiwan 652191 2.82
Non-legalese 13876111 2.97

Enelish law 1308424 3.21
& Non-legalese 6074672 2.72

Table 4.3: Number of sentences and the mean dependency length in each type of text.
Acronyms: HK - Hong Kong, TW - Taiwan.

same meaning 2. It is possible that to adapt to English and to concepts in a common law
system, the Chinese version could be influenced by syntactic features in English [254] and
potentially result in convoluted sentences. Given these differences in legal traditions and
drafting environments, we ask whether dependency length also differs across legal Chinese in
these three societies.

We analyzed all the laws passed by the Hong Kong and Taiwanese legislature, as well
as all the sub-statutory regulations from mainland China. The legalese texts from Hong
Kong are taken from an online database maintained by the Hong Kong government®. The
database consists of the Basic law (Z:78%) and other law texts drafted by the Department
of Justice (fRELF]) or members of the Legislative Council (L& &), passed by the
Legislative Council (3Z{%£%), and signed into law by the Chief Executive Officer (7B
'H). The legalese texts from Taiwan are taken from an online database maintained by the
Taiwanese government*. The database consists of the Constitution and other law texts
proposed by the 5 government branches, passed by the Legislative Yuan (3Z£F%) and signed
into law by the President. We only included texts that are currently in effect.

Table 4.3 shows the number of sentences, and Figure 4.5A shows the mean dependency
length by genre in legalese and non-legalese texts. We compared the effect sizes between
legalese and non-legalese texts across different types of modern Chinese legal texts, using
the difference observed in American English as a reference point. For each comparison,
we followed the same sub-sampling approach as before: we combined legalese texts, a size-
matched subsample of non-legalese texts, and data from [222]. We set the legalese and
Chinese as the reference level in genre and language, respectively. We ran a linear regression
and recorded the interaction between genre and language. We then repeated the whole
process 500 times.

Results for Hong Kong legalese texts are presented in Figure 4.5B. We found a significant
main effect of genre: the 5 values are consistently below zero and are centered around -0.22.
More importantly, there is also a significant interaction between language and genre, as the
[ values are consistently below zero and centered around -0.264. Figure 4.5C shows the
results for Taiwanese legalese texts. We found a significant main effect of genre going to

2See https://www.elegislation.gov.hk /interpretbileg
SETIEHIEG], https: / /www.elegislation.gov.hk /
12 ERIERERUE, https://law.moj.gov.tw/
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Figure 4.5: Legalese texts from Hong Kong and Taiwan exhibit longer dependencies
than non-legalese texts, but also with a smaller effect than in American English.
(A) Mean dependency length per sentence for legalese texts from Hong Kong and Taiwan,
along with non-legalese texts in modern Chinese. Results from American English are pulled
from [222|, as a comparison of the effect size. Acronyms: HK - Hong Kong. (B) Distribution
of (left) main effect of genre and (right) interaction between genre and language, obtained
from 500 comparisons between the Hong Kong legalese data and the size-match subsamples
of the non-legalese data, along with legalese and non-legalese data from a previous study on
American English [222]. (C) Same as (B) but the legalese data is from Taiwan.
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the opposite direction: the [ values are consistently above zero and are centered around
0.15, which suggests that Taiwanese legalese texts on average exhibit shorter dependencies
than non-legalese texts in modern Chinese. In addition, we found a negative interaction
between language and genre: the 3 values are consistently below zero and are centered around
-0.63. This indicates that British influence and specificity of law are likely to influence the
dependency length, but the resulting difference between legalese and non-legalese texts is
still smaller than that in American English. On the other hand, interestingly, legalese texts
in Taiwan have shorter dependencies than Chinese non-legalese texts. From Appendix C.3,
similar to the findings above, all types of legalese texts show higher word frequency than
non-legalese ones.

4.5 Discussion

American legalese texts are more difficult to understand compared to their non-legalese
counterparts [46,48] because of long-distance syntactic dependencies [45,222|. Previous
studies [227] suggest that such long-distance dependencies may be a result of copying and
editing from old templates, or it may be a way to signal authority of law, but it is still unclear
why laws are written in this way in the first place. Here we offered an explanation for the origin
of long-distance dependencies in legal documents, termed Content-of-law Hypothesis: laws are
predominantly conditional, and long-distance dependencies are a result of lawmakers writing
conditional statements in single sentences. In this study, to evaluate these hypotheses, we
analyzed legalese and non-legalese texts in classical and modern Chinese, as Chinese legalese
traditions had an independent origin from the Western ones, and China has different legal
traditions and practices. We found that legalese texts on average show longer dependencies
than non-legalese texts in classical Chinese. The same was also found in legalese texts in
mainland China, but the difference was much smaller than in American English [222]. By also
analyzing sub-statutory regulations in mainland China and laws in Hong Kong and Taiwan,
we found that foreign influences and specificity of law may affect the dependency length, but
their effects are still small to explain the effect size in American legalese.

Our results seem to be consistent with the Content-of-law Hypothesis. Concepts in laws are
largely conditional in nature: to write a law, one needs to outline the situation of an offense,
and the associated punishment if the offense is committed. A syntactically transparent way
to convey this information is to use conditional such as “if...else...”. Lawmakers in ancient
China and ancient Babylon likely adopted such a structure because it provides a structurally
isomorphic way to link offenses to their corresponding punishments. However, conditional
constructions create long-distance dependencies between the offense and the punishment,
and these dependencies become even longer as the description of the offense becomes more
complex. This in turn could explain why the Tang Code exhibits longer average dependency
than non-legalese texts in classical Chinese. It is possible that in the 20th Century, the
Chinese government placed emphasis on simplifying the Chinese language to increase the
literacy rate, and under this political climate, lawmakers in mainland China recognized the
comprehensibility problem of fitting complex information into a simple structure and started
to explore alternative ways to express the same information in order to facilitate readability.
One such alternatives is to describe the situations of an offense at the end of the article in
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bullet points [45].

What makes the simplification effort successful in some legislatures but not in others?
Why are dependency lengths of mainland Chinese and Hong Kong laws similar to those in
non-legalese texts, whereas dependency lengths in US laws are substantially higher than
in US non-legal texts? One possible explanation is that not all legislatures have identified
long-distance dependency as the primary source of complexity in legal language. Some
legislatures have issued drafting guidelines aiming at reducing the dependency length. For
example, the guidance from the British Parliament® contains instructions such as “avoid
inserting words between the subject and the main verb (p.3)”, avoid using complex if-clauses
before the main clause (p.25), and break conditions and exceptions into separate propositions,
instead of one (p.28). The guidance from the Hong Kong Legislative Council® also instructs
bill drafters to “keep related words as close together as possible (p.89)” in English and “fH
B e JERE R ST (p.83)” in Chinese. In contrast, others have not recognized the crux of
the problem: although the US House of Representatives also has a guidance on law drafting,
which also advocates using plain language’, the guidance simply contains general instructions
to use simple sentences, without more detailed and more actionable ones like in the UK and
Hong Kong. It is possible to make American legalese texts easier to understand once there
are instructions targeted at reducing the dependency length.

It could be observed by comparing Figure 4.2 and Figure 4.4 that modern Chinese has
overall longer average dependency length than classical Chinese. We speculate that this
could be due to the following reasons. First, on a grammatical level, conversion (using a
word in a different part of speech) is prevalent in classical Chinese, but in modern Chinese,
additional words are needed to convey the same meaning. For example, in the sentence “/2
#F 27, the word “#F (strange)” is normally used as an adjective but is used here as a verb,
meaning “regard something as strange”. However, such usage is no longer present in modern
Chinese, so to convey the same meaning, a verb is needed to form the construction “&8/%... F
%7, Second, on a technical level, Stanza [252] may over-segment lexicalized compounds,
treating words like “ZE£% (egg)” as two separate words rather than a single one. Both boosted
the dependency length in modern Chinese by introducing additional words. Third, Stanza
connects syntactically independent clauses together in the modern Chinese analysis, while
we did not in the classical Chinese analysis. This resulted in the dependency lengths in
modern Chinese being inflated (See Appendix C.2.3 and C.4 for details). In our study, we
attribute the small observed difference in the dependency lengths in modern Chinese to the
simplification of legalese texts. However, it can also partially be due to the complexification
of non-legalese texts. In the 1910s, there was a movement to introduce Western technology
and culture into China. Amid the movement, many scholars and writers such as Lu Xiin
and Hu Shih advocated Europeanizing modern Chinese grammar [248|, hoping that doing so
would boost the ability of Chinese to express new ideas and thoughts [255]. Some features
introduced in this period include adding aspect markers such as “ T after verbs to signal
completeness of events, inserting additional information parenthetically after a word, using
“BJ” construction to introduce a clause modifying a noun, and explicitly combining clauses

Shttps://www.gov.uk /government /publications/drafting-bills-for- parliament

Shttps://www.doj.gov.hk/en/publications/pub20030011.html

Thttps:/ /legcounsel.house.gov /sites/evo-subsites /legcounsel-evo.house.gov /files /documents /
ManualDraftStyle 2022.pdf
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with conjunctions. All these features could potentially lengthened the dependency in modern
Chinese. Future studies could evaluate the relative contribution of these two forces.

In conclusion, in our study, we analyzed legalese and non-legalese texts in both classical
Chinese and modern Chinese. We found that legalese texts in classical Chinese are more
convoluted than non-legalese texts, while the difference in modern Chinese is much smaller
compared to what was observed in American English. Our findings seem to indicate that the
convoluted structures in legalese texts are likely a consequence of expressing complex relations
in single sentences. However, such a convoluted structure is neither easy to understand nor
required to establish authority of law, which may explain why countries have attempted to
simplify legal language. We speculate that efforts of simplification are most likely to succeed
when lawmakers correctly identify the source of the complexity.

4.6 Materials and Methods

4.6.1 Classical Chinese analysis
Materials

First, we analyzed legalese and non-legalese texts in classical Chinese. The legalese texts are
drawn from the Tang Code. It consists of 30 chapters (Juan %&). A total of 502 articles (Tiao
f#&) are grouped into these 30 chapters, each covering the punishment of a specific offense
within the chapter’s topic. In additional to the article text itself, each article may contain
commentaries (Zhu %), subcommentaries (Shu B), or queries and replies (Wen da f1%).
Commentaries serve as appendices to the article texts, often providing essential information
to the articles, such as specifying the amount of copper for a person to be bailed out when
the article texts only mention the punishment. It has been suspected that commentaries
had already been an integral part of the text in the Sui Dynasty legal code, instead of an
addition during the Tang Dynasty [244,256]. Subcommentaries provide further information
on the article texts by giving definitions on the key terms, relevant background on a specific
article, or providing references to other articles within the Tang Code. Queries and replies
clarify certain points in the article texts or provide hypothetical cases not anticipated in
the article texts [244]. Since commentaries are written inline with the article texts and
provide essential information to the law, whereas subcommentaries and queries and replies
appear in a separate paragraph and provide additional information, in this study, we excluded
subcommentaries and queries and replies from our analysis and only focused on the article
texts and commentaries. We randomly sampled 150 articles from the Tang Code (30% of the
articles) for the analysis.

The non-legalese texts are a collection of 40 political commentaries, narrative fictions,
and biographical texts, all of which were composed during the Tang Dynasty (618 - 907 CE).
Tables S1 and S2 in the Supplementary Information lists the name, the author, and the genre
of the 40 non-legalese texts we selected. We randomly sampled 10 sentences from each article
for the analysis. For articles shorter than 10 sentences, we annotated and parsed the entire
article.
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Annotation and parsing

We manually annotated and parsed all the sampled texts, largely according to conventions in
Universal Dependencies [246]. Specifically, we first segmented the texts into words. In most
cases, one word corresponds to one character, except numbers and proper nouns such as “ .
= (23)” and “#r# (Xin Du)” are treated as one word. Then, we annotated each word’s
universal part-of-speech tag (e.g. whether it is a noun, a verb, or an adposition, etc.). In the
parsing stage, we identified each word’s head and its universal dependency relation to the
head. The detailed conventions are described in Appendix C.2.

Dependent variables

The main variable of interest is the average dependency length per sentence, as dependency
length is regarded as a proxy for comprehension difficulty [28]. Dependency length is defined
as the absolute difference between the ID of a word and the ID of its head. For example,
if the head of the 6th word of a sentence is the 19th word, then its dependency length will
be 13. Following [33], two dependency relations, ROOT and punct, are removed from the
calculation. In addition to average dependency length, we also considered average word
frequency as another metric for comprehension difficulty [45]. The methods and results are
shown in Supplementary Information 2. We did not find a significant difference in word
frequency between legalese and non-legalese texts.

4.6.2 Modern Chinese analysis
Materials

The legalese texts are taken from an online database maintained by the National People’s
Congress (2B AR FEKXKE, NPC) of the People’s Republic of China®. This database
includes all the legal documents drafted, passed, and enacted by the Chinese government
since 1949. In this analysis, we analyzed the Constitution of the People’s Republic of
China (H# A\ REFEFEE), along with other statute laws (7£f#), defined as documents
proposed and passed by the NPC and signed into law by the President. We also analyzed sub-
statutory documents, including 1) Administrative regulations, local laws and regulations
supervisory regulations (7EER, #7HEER, BEEEHIE), which contain documents
drafted by the State Council (BI#5FE) and signed into law by the Premier (48#), documents
drafted and passed by regional legislative bodies (3 7 ARALFE K E), and documents drafted
by the State Supervisory Council (B ZKEi %82 B H); 2) Judicial and statutory interpretations
(FIVEARTE ) JERE), which are interpretations issued by the Supreme People’s Court (&5
ANRIEBE) or by the Supreme People’s Procuratorate (i A RH#%2F5%); and 3) Decisions
to amend or repeat laws (1224 ~ B ILAYIRAE), and Decisions on Issues concerning Law and
Major Issues (F Bi7ERRIEAE KMEIARE) - decisions to amend or repeal laws or on
certain major issues, often issued by the NPC or the State Council. We only analyzed laws
that are currently in effect.

S ZKIE AR B E, https://fik.npe.gov.cn/
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We included both statute laws and sub-statutory documents because mainland Chinese
statute laws are drafted in a general and abstract form [257], whereas their detailed imple-
mentations are outlined in sub-statutory texts such as administrative regulations, regional
laws, and interpretations [238,257|. For example, drunk driving is an offense stipulated in
the Criminal Law (JF¥%), but the text merely states that those who drunk drive will be
imprisoned and fined, without elaborating what constitutes as drunk driving and the length of
the imprisonment. Such information is instead outlined in an interpretation document jointly
issued by the executive and judicial branches of the government. Including sub-statutory
documents ensures that the content coverage of our analysis on Chinese law is similar to that
on American law [45,222].

The non-legalese texts in our analysis consist of multiple genres and are taken from
various corpora: Chinese Wikipedia®?, WeChat articles!’, newspaper articles!!, hotel reviews!?,
novels'?, and speeches'®. For both legalese and non-legalese texts in modern Chinese, following
[227], we removed sentences that are shorter than 10 characters, in order to exclude sentence
fragments such as titles and credits. In addition, for each genre of non-legalese texts, we
removed sentences that are above 95-percentile in length, in order to filter out junks such as
references, hyperlinks, and list of names.

Annotation and parsing

Texts in modern Chinese are annotated and parsed by Stanza (Version 1.10.1) [252], which is
among the state-of-the-art part-of-speech taggers and parsers for Chinese texts. To assess
the reliability for Stanza, we randomly selected 191 sentences (6850 dependencies) from our
dataset. We then analyzed their dependency relations by hand, and compared the results
with Stanza. We found that although the results generated by Stanza only matched our
results 60% of the time, the average dependency length produced by the two sources were
largely similar. Additional details are provided in Supplementary Information 3.

Dependent variables

The dependent variables in this study are identical to those in the classical Chinese analysis.
To calculate the average dependency length, in addition to ROOT and punct, we also
excluded parataxis and flat:foreign from the calculation, as the former tends to link
syntactically independent sentences, thus inflating the average dependency length, and the
latter falsely attaches all subsequent non-Chinese words to the first non-Chinese word. We
also removed advcl from our calculation if it is not licensed by a subordinate conjunction

9Wikipedia corpus - Chinese, https://huggingface.co/datasets/wikimedia/wikipedia/viewer /20231101.zh

10WeChat public corpus, https://github.com /nonamestreet /weixin _public_corpus

HBAAIT Industry Corpus - News media, https://data.baai.ac.cn/datadetail /IndustryCorpus2 news media

12Chinese  sentiment corpus - hotel reviews, https://www.kaggle.com/datasets/marquis03/
chnsenticorp-htl-all

13We drew texts from a web novel corpus: Guofeng Webnovel, https://github.com/longyuewangdcu/
GuoFeng-Webnovel, as well as from 3 famous Chinese novels: Dawn Blossoms Plucked at Dusk (¥3{£418)
by Lu Xun (&i1\, 1881-1936), Fortress Besieged ([E}k) by Qian Zhongshu (#2883, 1910-1998), and In the
Name of the People (NRHI% %) by Zhou Meisen (AR, 1956- )

lgee Table S3 in the Supplementary Information
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(e.g. “U0R /if”) or by particle “f”, which appears often in modern Chinese legalese texts in
clauses describing situations [258|.

4.7 Data Availability

All the data, scripts, and figures are available online at https://github.com /cshnican/chinese
law.

4.8 Acknowledgments

This work is supported by the MIT Human Insight Collaborative (Award Number: 2412846).
We are grateful to Rachel Zhu, Zhenyi Zhou, Yuyang Zhang, Xuewen Zhang, Deeraj Pothapra-
gada, Yijun Lyu, Waiwa Kou, Annie Guo, Nicole Ding, Jonathan Dase, Iris Chen, and Hanxiao
Bo for annotating and parsing texts in classical Chinese.

103


https://github.com/cshnican/chinese_law
https://github.com/cshnican/chinese_law

104



Chapter 5

Conclusion

In this thesis, we investigated how the pressure towards communicative efficiency can po-
tentially be interfered by top-down institutional constraints, with three case studies: spatial
demonstratives (Chapter 2), personal names (Chapter 3), and legal language (Chapter 4).

In Chapter 2, we studied a baseline case where efficient communication seems to be the
dominant pressure. Our results suggest that languages from diverse families and locations
can describe locations of different entities with relatively high informativity, with relatively
few spatial demonstratives. While there seems to be no institutional constraints on how
spatial demonstratives are used, there may still be other factors at play. For example, the
surrounding environment of language users can possible shape spatial demonstratives in
different languages to adapt to the communicative need: if describing spaces in more details
is more useful, a language will have more complex spatial demonstrative system, and vice
versa. The varying communicative need in different languages about space is likely affected
by the physical and cultural environment. For example, Tzeltal uses an “uphill-downhill”
system to describe space, instead of systems like “here” and “there” [259], because the hill is a
salient component in the lives of its speakers, as they live on an inclined hill. However, it still
remains unclear what affects a language’s relatively weight of informativity and simplicity
when describing space. In color naming, for example, it would probably be the prevalence
of objects that differ only in color [16]. Future studies could investigate what might affect
the trade-off between informativity and simplicity in spatial demonstratives. In addition, we
show that not all the communicatively efficient spatial demonstrative systems are attested
in our datasets, and the attested ones are predominantly consistent, suggesting that factors
such as ease of learning are also at play [127,260,261|. Interestingly, the extent to which the
structure of semantic systems can be explained by communicative efficiency and consistency
seems to vary across domains [262|. Future studies could also examine why certain semantic
domains value consistency over communicative efficiency more than others.

In Chapter 3, we presented a case where an efficient information structure of personal
names was altered by name regulations in various countries. Names across cultures historically
shared a similar structure, possibly as a result of efficiently distinguishing a large number of
individuals with a small number of unique words. Later, regulations on personal names were
implemented for governments to efficiently collect taxes and track properties [43|. As a result,
we show that the information structure in personal names has been altered in the West: the
entropy of prefix-names increased in order to keep names distinctive in a growing population.
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This may have made names harder to use. Future studies could experimentally compare the
difficulty of remembering and retrieving names under a historical and current information
structure. In addition, our study only examined the change in information structure among
Western names due to data availability, but the same prediction holds for East Asian Cultural
Sphere (EACS) names: we would expect an increase in byname entropy after the regulation
on names was implemented in the Qin Dynasty (3rd Century BCE). Future studies may
potentially test this prediction by examining prefix-name and byname distributions in tax
records from the Zhou Dynasty (11th - 3rd Century BCE) and Qin Dynasty (3rd Century
BCE). It seems to be the case in our study that many cultures across the world adopt a
similar information structure in personal names where the prefix-name has less entropy than
the byname, but our study did not explain the prevalence of such information structure. One
possibility is that it facilitates the usage of personal names. Since lower frequency items
are found to be more difficult to retrieve than higher frequency ones [163], and entropy can
be seen as correlated with average frequency, we can infer that the higher entropy of the
names, the more difficult it is on average to retrieve a specific name from the distribution. As
prefix-name is the first item to be retrieved, keeping its entropy relatively low facilitates its
retrieval. Once the prefix-name is retrieved, some of the uncertainty about the byname has
already been resolved, so the byname can carry at least as much information in isolation as it
does conditioned on the prefix-name. Future studies may test this hypothesis by examining
the entropy of prefix-names and bynames in large-scale databases across societies.

In Chapter 4, we presented a case where the reduction of processing effort in legal language
is enforced by institutional pressures. Efficient communication pressures language to minimize
the processing effort while conveying a meaning. This seems to be the case in many languages
[33], but a rare exception is American legalese [29,45]. In this chapter, we first offered an
explanation on why lawyers write it this way. We hypothesize that laws are written in a
complex way as a result of lawmakers trying to express complex legal concepts transparently
into complex sentences. While it may be a transparent way to write laws, it inevitably
increases the comprehension difficulty by introducing long syntactic dependencies. Our
results on classical Chinese legalese seem to be consistent with the hypothesis. Then, we
examined laws in modern China, which went through a drastic change in legal traditions from
imperial China. Meanwhile, the government in mainland China started a campaign to make
Chinese accessible to laypeople. Such campaign has likely simplified modern Chinese laws,
as our results suggest the difference in syntactic dependency length between legalese and
non-legalese in modern Chinese is much smaller than previously found in American English,
possibly because lawmakers have adopted alternative drafting strategies. Future studies could
behaviorally compare the comprehensibility of Chinese legalese texts between laws including
everything in one sentence and a simplified version where they are written into multiple
sentences. Moreover, in this study, instead of simply the pressure from communication,
regulators have to step in to reduce the processing cost of legalese texts. Why is this the
case? This may reflect a tension between two competing pressures: ease of production and
ease of comprehension in language [263,264|. Speakers may generate utterances that are easy
for them to produce but result in comprehension difficulty for the listener [265]. Usually, the
two pressures jointly influence human languages, but in the case of legalese, the pressure
of production seems to prevail over the pressure of comprehension. Future studies could
investigate why this seems to be the case.
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Taken together, these studies indicate that the languages can sometimes still achieve
efficient communication despite the presence of other pressures. This seems to be the case
for spatial demonstratives and legal language. For spatial demonstratives, communication
pressures spatial demonstratives towards an efficient frontier, and factors such as environment
selects which system on the optimal frontier a language adopts. For legal language, commu-
nication and institutional pressure can jointly push legal language to be easy to understand.
However, this is not the case for personal names, where the institution pressure pushes
personal name systems in Western societies away from an efficient information structure.
Why does the difference arise? One possibility is that the communicative pressure prevails
only when other factors do not directly act on the variables optimized for communication.
For example, in spatial demonstratives, communication first selects the systems that are
on the optimal frontier, and then among these systems, different languages settle on an
efficient system that best satisfies their communicative needs. In legalese, there are ways to
express a meaning and achieve the same legal objectives without long dependencies [224].
The communicative pressure and the institutional pressure have the potential to jointly select
the structures that are easiest to understand for readers. On the other hand, in personal
name systems, the variables are already highly constrained by communicative pressure in
order to maintain an efficient system capable of generating a unique name label for a large
number of people, in the form of a composite name system. However, name regulations in
Western societies directly capped the amount of information that can be carried in bynames
by making them hereditary. This forced prefix-names to carry more information and has
potentially made the resulting name systems less efficient to use.

Our studies suggest that the bottom-up mechanism towards efficient communication could
be vulnerable to top-down institutional pressures, which is best showcased by our study on
personal names, where regulations could alter the historical information structure. This is
possibly because regulations have an explicit enforcement mechanism: governments explicitly
state how a policy will be implemented, as well as potential consequences of non-compliance.
When the objective of the institutional pressure is not aligned with the objective of the
bottom-up mechanism for efficient communication, the latter may need to give in to comply
with relevant regulations. On the other hand, if applied properly, institutional pressures can
also be a positive driver towards communicative efficiency in language, such as making legal
language more understandable for laypersons. Our results indicate that regulations can be a
double-edged sword on communicative efficiency, illustrating the importance of considering
the linguistic consequences when designing regulations that may impact language use. Besides
policy makers, other groups may also seek to promote particular ways of speaking, such as
the advocacy for gender-neutral occupational terminologies in English. What makes certain
proposals more likely to be conventionalized than others? Without an explicit enforcement
mechanism like regulations do, it is possible that proposals that do not hinder communicative
efficiency are more likely to succeed. Future research should investigate how effective different
forms of top-down interventions, from government regulations to non-governmental advocacy,
are in shaping language and their impact on communicative efficiency.
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Appendix A

Supplementary information for: An
information-theoretic approach to the
typology of spatial demonstratives

A.1 The decay parameter

Here we test the effect of changing the decay parameter on the conditional distribution
of world states given a meaning p(u|m). From Equation (2.5), a low u indicates p(u|m)
decreases very quickly as the number of mismatches between world state © and meaning
m increases. Therefore, in this situation, the cost for a person to confuse different distal
levels and orientation will be very high, since such a cost is proportional to —In . On the
other hand, a high u suggests a relatively low cost for confusing distal levels and orientation.
In this analysis, we kept other parameters constant, let p € [0.05,0.99], and compute the
average gNID among attested spatial deictic systems.

The results in Figure A.1 show that as long as p < 0.75, the decay parameter has a
minor effect on the optimality of attested spatial deictic systems. In other words, unless we
assign a very low cost to confusing between distal levels and orientatons, attested spatial
demonstrative systems tend to stay close to the optimal frontier.

A.2 Alternative complexity measures

In this study, similar to [21], we defined complexity as the mutual information between
word W and meaning M (which was reduced to H[W] due to determinism). Meanwhile, a
reviewer pointed out that our formulations of complexity and consistency are closely related,
and they suggested two alternative ways to operationalize complexity: first, to use the log
number of words log |[W| instead of the entropy H[W]; and second, to combine complexity
and consistency into one single metric, namely, the minimal description length (MDL) of a
spatial deictic demonstrative paradigm. Here we discuss these two alternative metrics and
their implementation.
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Figure A.1: The average gNID for different values of .

Replacing H[W] with number of words One reviewer was suggesting using the number
of words as the complexity metric, in order to get around the issue that complexity and
consistency are closely related. For instance, if the number of words is 9, the complexity is
maximized, and in this case, the consistency in our definition can only take the value of 2. We
don’t see much improvement other than making both complexity and consistency count-based,
since the number of words and consistency are also closely related (See Figure A.2).
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Figure A.2: Plotting consistency against different formulations of complexity. Left: consistency
vs. complexity defined as the log number of demonstratives in a system; Right: consistency
vs. complexity defined as the mutual information between words and meanings, as in the
main text. It can be seen that both metrics are related to consistency, which is also supported
by statistics (R? ~ 0.18 in both cases)
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Incorporating complexity and consistency into one single metric by taking an
MDL approach Simple operationalizations of MDL are not sufficient to create a unified
measure of complexity and consistency. We adopted a similar approach to [113]: counting the
minimal number of distal levels and orientations needed to describe a demonstrative, along
with logical operations such as AND and OR. For instance, consider the spatial demonstrative
system for English (Table A.la):

Table A.1: English (a) and Fake English (b) spatial demonstratives

goal | place | source goal | place | source
D3 | there | there | from there D3 | there | there | from there
D2 | there | there | from there D2 | here | here from there
D1 | here | here from here D1 | here | here from here

For each demonstrative, let’s consider the minimal number of distal levels and orientations
needed to fully describe it:

e here: (GU P)U Dy — 3 features (This means the full definition of the demonstrative
"here" is a one that describes GOAL and PLACE at distal level D)

e there: (GU P)U (DyU D3) — 4 features
e from here: S U D; — 2 features

e from there: S U (Dy U D3) — 3 features

Therefore, when we sum them up, under this formulation, English has a complexity of 12.
Similarly, Finnish has a complexity of 18 since every word will have 2 features.

However, let’s consider the case of Fake English (Table A.1b), where we simply replace
the demonstratives at (Dy, PLACE) and (Dy, GOAL) from "there" to "here". Fake English is
an example of inconsistent system, as it does not show syncretism of distal levels at different
orientations. It is also not attested in the database in [49]. However, let’s consider the MDL
formulation:

e here: (GUP)U(D1UDs) — 4 features (This means the full definition of the demonstrative
"here" is a one that describes GOAL and PLACE at distal level D)

o there: (GU P)U D3 — 3 features
e from here: S U D; — 2 features

e from there: S U (Dy U D3) — 3 features

The MDL complexity is still 12. In other words, although Fake English is clearly less
consistent than English, their MDL complexity is the same. Hence, MDL is probably not a
metric that can incorporate both complexity and consistency. As a result, in the main text,
we kept our current metrics for complexity and consistency.
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Although the MDL theory above does not capture systematicity in our sense, more
sophisticated description languages may do so. Another challenge for linking MDL with the
IB sense of complexity is the fact that mutual information as complexity metric depends
on the quantitative real-valued probabilities of words and meanings, while MDL approaches
typically model discrete phenomena.

A.3 Alternative need distribution sources

In the main text (See Section 2.5), we approximated the need distribution of different meanings
p(m) by the word frequency distribution of Finnish spatial deictic demonstratives, since
in Finnish, each meaning has its own, unique spatial demonstrative. We drew the Finnish
word frequency data from Lexiteria, which contains the word frequency data on the internet
between 2009 and 2011. However, a disadvantage of Lexiteria is that this database is not
open-source. Therefore, here we present analysis from two other databases: WorldLex [266],
a database of Twitter and blog word frequencies, and OpenSubtitles [267|, a database of
movie and TV subtitles. For each spatial demonstrative in the Worldlex corpus, we add its
Twitter frequency and blog frequency together.

Lexiteria WorldLex Opensubtitles

D1, place, téinne 232,946 10,913 297,313
D1, goal, taalla 94,887 3,931 121,392
D1, source, taalta 38,402 1,926 45,204
D2, place, sinne 109,576 11,724 139,150
D2, goal, siella 42,923 6,431 54,970
D2, source, sieltéd 10,006 4,233 111,80
D3, place, tuonne 43,016 2,245 49,141
D3, goal, tuolla 17,587 448 21,193
D3, source, tuolta 3,850 480 4,928
Average gINID for attested systems 0.239 0.271 0.237

Table A.2: Finnish spatial deictic demonstrative frequency from three different corpora:
Lexiteria, WorldLex [266], and OpenSubtitles [267|, as a proxy for the need distribution
p(m), and the average gNID among real spatial demonstrative systems under each frequency
distribution.

The results are shown in Table A.2: the last row shows the average generalized normalized
information distance (gNID, [21]) among real deictic systems, under each corpus. As also
explained in Section 2.5, the lower the average gNID is, the closer the real deictic systems
are to the optimal frontier. The average gNID from Lexiteria and OpenSubtitles are very
close to each other (0.239 vs. 0.237, respectively), while they are relatively far from the gNID
calculated from WorldLex (0.271), probably because the frequency distribution in WorldLex
does not decay with respect to distal level, like those in Lexiteria and Opensubtitles. However,
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the discrepency is still relatively small compared to the variation in average gNID under
different PLACE/GOAL/SOURCE costs (See Section 2.5).

A.4 Results by language family

The dataset used in this study [49] sampled approximately 50 languages from each of the 5
geographic regions around the globe. However, they did not control for language relatedness,
as many languages from the same region are closely related. For example, 15 out of the
50 languages in Europe are Slavic. As a result, our finding in Figure 2.5 did not rule out
a possibility that the efficiency of spatial deictic systems are mainly pushed by some large
language families. For example, it could be possible that the spatial deictic systems in Indo-
European languages are efficient due to chance, and since Indo-European languages constitute
a large portion of the database, they can easily inflate the results shown in Figure 2.5.

To address this potential confound of language relatedness, in Figure A.3, we present the
information plane in the same way as Figure 2.5, but instead of plotting all 220 languages
that we investigate, we randomly sample 1 language per language family. All attested spatial
deictic systems shown in the plot as colored points do not share a common ancestor with
each other. Since a large portion of them are still located very close to the optimal frontier,
we can say that language relatedness is an unlikely confound in our study.

A.5 Results by merging distal levels D1 and D2

In Section 2.4.1, we treat every attested language as having three distal levels. However, there
exist languages (e.g. English) that only distinguish two distal levels. Hence, in that section,
we adopt a convention that if the spatial deictic system in a language only distinguishes two
distal levels, we assume the second distal level extends out, encompassing both D2 and D3.
As one anonymous reviewer points out, there is an arbitrary decision made by us, with no
theoretical motivation. In this analysis, we repeat Experiment 1 by assuming if a language
has only two distal levels, the first distal level includes both D1 and D2, instead of just D1.
The results are shown in Figure A.4, suggesting that there are no qualitative differences in
our results that depend on our choice in distal level merging.

A.6 Effects of need distribution permutation and place/-
goal /source cost on optimality

113



Kodiak Alutiiq (Eskimo-Aleut, Aleut)
0.6 1
2 ~Z
= 1-4Coki -New Guir Manub:
2 041 e
© g
g : _ = “bau (Sepik, Upper)
E Hmong Njua (Hmong-ffen, Chuangiandian) = -
0.2 S
0.0
T T T T T
0.0 0.5 1.0 1.5 2.0
Complexity
¢ Abkhaz-Adyge * Central Sudanic Mirndi ¢ reconstructed ¢ Totonacan
* Afro-Asiatic Chibchan * Mixe-Zoque ¢ Salishan Trans-New Guinea
e Ainu Cochimi-Yuman e Morehead-Wasur * Sepik ¢ Tucanoan
Algic Dogon * Movima e Sino-Tibetan Tungusic
¢ Araucanian Dravidian e Nakh-Daghestanian e Siouan Tupian
* Arawakan Eskimo-Aleut * Nilotic * Solomon Islands Turkic
. Athabaskan-Eyak-Tlingit ¢ Garrwan ¢ North Bougainville e Songhay e Uralic
Language_family ¢ Atlantic-Congo Hmong-Mien Nubian ¢ South Bougainville ¢ Uto-Aztecan
e Austroasiatic Indo-European ¢ Nyulnyulan e South Omotic ¢ West Papuan
Austronesian e Karo e Oto-Manguean e Southern Cook Islands * Yakima Ichishkiin
* Bangime Khoe-Kwadi ¢ Pama-Nyungan ¢ Southern Daly Yangmanic
e Boran Koreanic * Pano-Tacanan Ta-Ne-Omotic Yeniseian
Border * Mande Paraguay * Tai-Kadai Yukaghir
Burushaski Mayan Penutian * Tibeto-Burmese e Yuracaré
Cariban Maybrat-Karon Quechuan Timor-Alor-Pantar * NA

Figure A.3: Similar plot as Figure 2.5,
language family.

except we

only sampled and presented 1 language per

0.6

o©
IS
L

English (Indo-Eurgpean, Ge;

Informativity

o
)
)

Hmong Njua (Hmong-Mien,

0.0+

-
3 AbAu (Sepik, Upper)

Kodiak Alutiiq (Eskimo-Aleut, Aleut)

P
A Area
Balésg/(Central Sudanic)

Dnrnmu-lrﬁ)K»(‘(rans-New Guinea, Manubaran) africa

-7 americas
asia
europe
oceania

10
Complexity

15 2.0

Figure A.4: Similar plot as Figure 2.5, except we assume the first distal level encompasses

D1 and D2, instead of just D1.

114



P S G
. 1T~ I~ HEIE A I 4 BIB 4
024> . o | o . A L o I A i
. “ P - - " = “ P “ = . "
. [y A . L - L . b . b
‘.( P \' -
0.0+ * ' ’ - oal_place_source
il s | s ra P P g -
¢ I § s ‘ S f et o s 4 I
0.2 4 ,' ~ ,' L s \ 2 3 ,' w ,' .
: . ~ . . " " . " » . . -
! " . ~ \ “
- - IS e 0 S0 -
0z« ™ # & e | R # %, I - - h ¢
: \. r - " " - ~ - . " “ -
~ - ~ " | » # ~ - A , » ’
e L, W M ) Sl
LY D
0.0 1 & y SBll & & P 3 - goal_source_place
s | E - -
- * - b a i F . » Id # I
" . . . " . " . , - A "
-0.24 - ¥ # bl | # T # T - i # T
’ ’ b . h - i ’ x 2 ‘ ’ b
- » . b A Lk »
7 - ’ 7 g 7
a * W ’ Yy - s ’ MY * ht -
L # - # » - #
= 0.2 . . . . . . . , . . . 7
o - # | # - # e )
= 0.0 ' * | ' ' ’ 4 place_goal_source
3 ™ e — Prad s raic! K —goal_
=3 . d - ¥ ’ e . F ’ ] ’ T
024 .° s o R d . . : ¢ *a . s
E =Ll - - # # i - ’
[y o L A Y I L L bt
@
o \ HE 1 [~ r . - s 1 F. 7]
# # - , # #
= 024 » e - M - S i e - S .
o ’ ’ » # ’ )
s . | . A . " - A . k . k
“5 - L kY - % # bl .
o 0.0+ b place_place_place
—_ - . . [y
- = . = - g ~ = ~ 7 . #F S
-—
00,24 £ -1 e o} L s £ hd | . — < “a
= =k). - - ’ Fl - ’
~ ~ - . - -
o Eal A k2 N L o L A k2 N “
=
@ . HEE B MBS M 1 I~ ¥
# » - - s -
LI # - - » - - # » - ) "
[ * . [ - ‘ . . . * r v ’
- b Y L . L - ” . b “ "
LE 1 ~ A . o, Sz
— 0.0 ‘. ,‘\ ‘\ ‘ ‘n "\ place_source_goal
(=} P I - T g IF F T # Id i T
“ - . . - .
8 g2 . . ,’ . . s . o . A .
= . * - » - b ’ * I » . b
o LS \ . Ly . .
-—
E E - ¥ 7 ’
E N PN N S PR RN NN .
£ 029 - RE A REm| AREGI 1ot S REO|
- # # s ’ ¢
[=] L p oL S M Mol
T 0.04 source_goal_place
2 & A y 3 & p | - -9
4+ - W - * ’ ¥ F I . I ’ *
g ’ - # - - > . N ¢ - - h
-0.24 - \\ + \\ -+ ‘\ # \\ + \\ . .‘
# o L NI J L N o L N
- A0 S R 271 I~ S0 L
40 - . PR L . L . L . L ’
0.24 ; . B . : : ; : B . ;
b - L ’ h ’ b - » ’ b ¢
S " ] N e . W] S
0.04 3 ’ ‘ ‘ ‘ - source_place_goal
. . -
’ # F; .
¥ T ul I~ ’ I * I o I ’ u
024 .7 . % o AT . #E . e b AT .
- « k- s LY o L A L7 +] L .
7 F 7 7 7 7
B . ~ . . .
# » - o ’ #
nz- > # » PR ~ - ~ - ~ - ~ o
. “ - - " " n " r “ " . -
. [y L “ L - le . b . L
"
0.0+ ’ ’ | ' ' ’ b4 unif_unif_unif
P ™ P N PR PR - -
' I ul Fa | ‘ Y. | et d s 4 S
. . - - ’ P
024 . s | - . sl . . .
£ s LS A s L s k2 s L7 u

0200 02 -020002 -020002 -020002 -020002 -0200 02
random intercept of orientation confusion cost

Figure A.5: The fitted random intercept per sample for PLACE/GOAL/SOURCE confusion
costs (z-axis) and for need distribution permutations (y-axis), under each combination of
these two factors (shown in each individual facet), in the regression of Eq. 2.10. Color code:
green - the random intercept for the confusion cost has a higher absolute value than that for
the need distribution permutation; black - the random intercept for the confusion cost has a
lower absolute value than that for the need distribution permutation. Most of the samples
(154403 out of 192000) are colored green.

115



116



Appendix B

Supplementary information for:
Cross-Cultural Structures of Personal
Name Systems Reflect General
Communicative Principles

B.1 Bootstrapping the correlations analysis in Finnish
data

In Experiment 2, we calculated the Finnish prefix-name entropy of each birth year bin and
each parish from a sample of 50 births, as the number of births in each parish varied. We
found a main effect of birth year on prefix-name entropy, a main effect of longitude on
prefix-name entropy, and an interaction between birth year and longitude on prefix-name
entropy. Our results in Table 3 showed positive correlations between prefix-name entropy
and the percentage of people having patronyms, as well as a positive correlation between
prefix-name entropy and longitude, and such positive correlations decreased over time.

An anonymous reviewer raised an issue on the reliability of such a subsampling approach in
calculating entropy. To address the reliability issue, we repeated the aforementioned analyses
500 times with different randomly sampled names and visualized the related statistical
quantities as histograms in Figure B.1. First, the effects of birth year and longitude, as well
as their interaction, remained robust, since among the 500 analyses, all of them showed a
significant effect trending in the same direction (Figure B.1a) as was shown in Experiment 2.
Similarly, the correlations among patronym percentage, longitude, and prefix-name entropy
remained robust (Figure B.1b), since among the 500 analyses, all of them showed similar
trend as was shown in Experiment 2. We also repeated the analysis by sampling 100 names
each time and obtained similar results (Figure B.2).

Therefore, the results we showed in Experiment 2 were unlikely to be caused by artifacts
introduced when we subsampled our data for entropy calculation.
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B.2 Licensing information of datasets used in this study

In this study, we mainly used data from publicly available sources. Below is a compilation of
permissions from our data sources. Our use of datasets fully complies with the terms and
conditions set by each data provider.

Social Security Administration The Social Security Administration allows data to be

used by “researchers interested in naming trends”.!

U.S. Census Bureau The U.S. Census Bureau explicitly states that their datasets are
made available for use in research.?

Wikipedia Data from Wikipedia is available for re-use under a CC-BY-SA license, ® which
allows its data to be shared and adapted as long as appropriate credits are given.

Taiwanese Ministry of Interior The Taiwanese goverment allows their published data
to be freely used for noncommercial purposes.*

Korean Statistical Information Service One function of the Korean National Statistic
Office is to make statistical data available for researchers.’

Population Data UK Population Data UK is a site “dedicated to providing information

about the population of the United Kingdom”.®

Data from Douglas A. Galbi One purpose of such dataset, according to Galbi, is “to

spur further analysis of given names”.”

National Records of Scotland All contents in the National Records of Scotland operates
are available under the Open Government License v3.0, which allows its data to be copied,
published, distributed, and transmitted as long as the source is acknowledged.®

HisKi database Permission to use the HisKi database has been given to several researchers.
Several papers have been published using information in this database, such as [184,268].

thttps:/ /www.ssa.gov/oact /babynames/limits.html

https://www.census.gov/data/developers/about /terms-of-service.html

3https://en.wikipedia.org/wiki/Wikipedia:Text of the Creative Commons_ Attribution-ShareAlike
3.0 _Unported License

4https://data.gov.tw/license

https://kostat.go.kr/menu.es?mid=a20602030000. See the Dissemination of Statistical Information
paragraph.

Spopulationdata.org.uk

"https:/ /www.galbithink.org/names/

8https://www.nationalarchives.gov.uk /doc/open-government-licence/version /3 /
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Figure B.1: Results in Experiment 2 were independent of sampling. Results from the
bootstrapping analysis, where we sampled 50 births in each Finnish parish in each birth year
bin, conducted the analyses in Experiment 2, and repeated the whole process for 500 times.
(a) The distribution of two-sided p values of model comparison (an interaction model vs.
an additive model), two-sided p values and the main effect of birth year on prefix-name
entropy, two-sided p values and the interaction between birth year and longitude, along
with two-sided p_values and the main effect of longitude on prefix-name entropy. (b) The
distribution of correlations between prefix-name entropy and longitude (first row), percentage
patronym and prefix-name entropy (second row), and the percentage patrobym and longitude
(third row), in each birth year bin (columns). The black curve in each graph represents the
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Figure B.2: Results in Experiment 2 were independent of sampling. Results from
the bootstrapping analysis in which we sampled 100 births instead of 50 (as in Figure B.1)
in each Finnish parish in each birth year bin. The black curve in each graph represents the
kernel density generated by geom_smooth function in R [145]
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Appendix C

Supplementary information for: The
conceptual structure of laws leads to
legalese

C.1 Supplementary Tables

C.2 Annotation and parsing conventions for classical Chi-
nese texts

C.2.1 Definitions

Clause A clause is a string of characters ending in comma, period, question mark, or
exclamation mark. For example, Both “Yesterday morning” and “I was at the gym” in
“Yesterday morning, I was at the gym.” are clauses. As another example, the sentence “When
I was young, I used to go to the gym a lot” contains two clauses, “when I was young” and “I
used to go to the gym a lot”.

Independent clause An independent clause is a clause that can stand alone as a sentence
(i.e. with a root). Examples of independent clauses include “Run!”, “He is a singer”, and “I
was young.”. Examples of dependent clauses include “Although he is a singer”, " Yesterday
morning”, and “When I was young”.

Sentence A sentence is a collection of one or more clauses that end in period, question
mark, or exclamation mark. A sentence in Chinese can contain multiple independent clauses,
unlike in English. Sentences that contain multiple independent clauses are referred to as
run-on sentences [269].

C.2.2 Indexing conventions for classical Chinese texts

All texts in the Tang Code are uniquely identifiable via an ID, such as 9:101:1:1 for the
sentence in 4.3 in the main text. The first digit is the chapter number. The second digit is
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Table C.1: The genre, article name, and author of the 40 non-legalese texts in this study.

Genre ‘ Article Author
Short Story FHEE MRt

(Tale of a snake catcher) (Liu Zongyuan, 773-819 CE)
Commentary | J&i& HE AT

(Essentials of the moral way) (Han Yu, 768-824 CE)
Diary i Ll B R HE 5

(Record in the thatched cottage | (Bai Jiiyi, 772-846 CE)

in Lu Shan)
Fiction /IANE APk

(Biography of Ms. Liu) (Xu Yaozuo, 9th century)
Commentary | 38+ 5% 2 H K

(Reading the Sima Law) (Pi Rixiu, 834-883 CE)
Commentary | FAMKSFE BN

(Biography of the Nanke Gover- | (Li Gongzuo, 778-848 CE)

nor)
Commentary | A7 EE BB

(Commentary with 10 thoughts | (Wei Zheng, 580-643 CE)

for the Emperor)
Fiction BEE aw !

(Biography of Yingying) (Yuan Zhen, 779-831 CE)
Letter EHRRFI N ZH

(Letter to Han Jinzhou) (Li Bai, 701-762 CE)
Diary Bk IR

(An account of collecting water | (Liu Yuxi, 772-842 CE)

with machines)
Commentary | EHEEEREE Tl

(Writing on the wall of the Bao | (Sun Qiao, mid 9th century)

City post station)
Biography H/ME PR

(A mini biography of Li He) (Li Shangyin, 813-858 CE)
Commentary | 18113 B 5

(Comments on revenge) (Chen Zi’ang, 661-702 CE)
Commentary | BFEAH e

(Scriptures on a random temple) | (Lu Guimeng, 7-881 CE)
Fiction R AR

(Biography of Liu Yi) (Li Zhaowei, 766-820 CE)
Commentary | % Bl

(Storytelling) (Liu Zhiji, 661-721 CE)
Diary A gl

(An account on feeding a wildcat) | (Shu Yuanyu, 791-835 CE)
Commentary | HiMHmE S 15 i

(Record on the newly built South- | (Du Mu, 803-852 CE)

ern Pavillion in Hangzhou)
Commentary | MEHFTER REfE

(Commentary on causes of end of | (Quan Deyu, 759-818 CE)

the two Han dynasties)
Commentary | #&E%E iRFE

(Appeal to Han Changli)

(Zhang Ji, 766-830 CE)
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the article number. The third digit is the paragraph number within an article, as displayed
in Wikisource [270]. The fourth digit is the sentence number within a paragraph. A
sentence is defined as a sequence of characters delimited by periods or paragraph breaks.
Commentaries follow the template of <chapter number>:<article number>:<paragraph
number>:<sentence number>c<commentary sentence number>, such as “25:368:1:1c1”.
Occasionally subcommentaries were included as example sentences in the Supplementary
Information. They are indexed with a prefix “s”, such as “29:469:1:s5".

All items in the control texts are also uniquely identifiable via their ID, such as liang-
han-bian-wang for the sentence in [4] in the main text. The text string is the pinyin of the
first four characters of the title. The first digit is the paragraph number. The second digit is
the sentence number within a paragraph. If there are multiple sentences enclose by a pair of
quotations, all the texts enclosed share the same ID and are further differentiated by suffixes
“a”, “b”, “c”, and so on.

C.2.3 How are clauses connected together?

The original Tang Code texts are not punctuated, as punctuations were only introduced in
Chinese in the 20th Century. The punctuations in Tang Code used in our analysis were added
to the original text afterwards, possibly following the usage of modern Chinese punctuations.
However, unlike English, in Chinese, independent clauses are commonly connected with
commas in a sentence without any conjunctions [269,271-273]. An example of run-on sentence
is shown below in (C.1): both [A] and [B| are independent clauses, and they are connected
with a comma.

ID: zhgs/test4

Sentence: [A|E KB B A SCIEY) B /& — R 0 g MR RS 28 - BV A LU R ik B 2 RS
RRLAY o

Translation: [1]The Museum of Medical Humanities of National Taiwan University is
a two-storey building, [2]it forms an L-shape along Zhongshan South Road and Ren’ai

road.
u |

ER A AX iy om o2 — MoWm M oo g ’ i il Mo s C% OB O L el
Taiwan Uni. medicine humanity museum venue is ~ a  CLF  two CLF storey de building along Zhongshan south road ~ and  Ren'ai Road form L shape
PROPN  NOUN NOUN  PART PART AUX NUM NOUN NUM NOUN NOUN PART NOUN PUNCT ADP PROP NOUN PART CCONJ PROP VERB X PART PUNCT

[C.1]
In Universal Dependencies, the practice seems to be that each sentence can only have one
root. In the case of run-on sentences, the roots of each clauses are usually connected together
via parataxis or advcl, even if such relations are not licensed by conjunctions. For example,
in [C.1], [A] is connected with the [B| via advcl. As another example, in [C.2], there are four
independent clauses. [A] and |B] are connected via parataxis, as are [A] and D], and [C]
and [D] are connected via advcl. None of these connections are syntactically marked. In
fact, connections between clauses are rarely marked in Chinese, as the relationship between
clauses is either clear via their relative placement or can be inferred in context [255].
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ID: zhgsd/dev7

Sentence: [A]%% T ASTE DAVEZE & £ > [B]1960F AL » M EMHE & ZE > [CJHCE
% o [D]|H Bl F 2 H SRR E A -

Translation: [A]The economy of Nuuk is mainly fishing industry, [Blin the 1960s, the cod
industry was highly developed, [Clit has since declined, [D|currently it mainly produces
crabs and halibuts.

FooT
mooy —

p—
s omE D Wk B x5 w60 - @mE % ME @ . B B HE o EEbE HE A KHEA-
Nuuk e y ith 9l d elat; ed decline d I 1 halibut

Nuuk  de economy with fishing industry as_main 1960 era cod industry relatively advanced now already currently mainly produce crab anc halibu
PROPN PART NOUN VERB  NOUN  AUX ADJ PUNCT NUM NOUN PUNCT NOUN PART ~ADV ~ ADJ PUNCT NOUN ADV VERB PUNCT NOUN ADV VERB NOUN CCONJ NOUN PUNCT

[C.2]

In this study, we had a different practice: we did not connect independent clauses at all.
Instead, we treated each of them as having their own root. This is because in this study,
we aimed to analyze texts from a strictly syntactic perspective: we calculated the average
dependency length of different genres of texts, as they were presented. We were not trying
to presume any syntactic connections that were not explicitly marked in the texts. In our
view, any presumed connection between independent clauses is a connection at the discourse
level, instead of at the syntactic level. For example, in [C.1], it’s more appropriate to classify
the connection between [A| and [B] as discourse instead of syntactic, as |B| serves as an
elaboration [274] of [A].

In addition, as mentioned before, punctuations were not introduced into Chinese until
approximately 100 years ago, and as a result, punctuations for all the classical Chinese texts
were added only recently. However, there are no clear guidelines on when to use a period
instead of a comma, and the practice varies across native speakers [275]. As a result, for
the same classical Chinese text, different annotators, adopting their own practices, might
segment the text into different number of sentences. If we assume each sentence only has one
root, the resulting average dependency length will vary, dependent on the annotator.

Hence, in our analysis, within each sentence, we first identified the number of clauses.
Then, we checked whether if each clause is an independent clause, and if not, how to connect
the clause to an independent clause.

If a dependent clause serves as the subject of an independent clause, the two clauses are
connected together. For example, in [C.3], the comma separates the first clause serving as
the subject, and the second clause serving as the predicate.
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ID: 7:74:1:1

Sentence: f# —fHLE » fE 4F o

Translation [276]: Those who interfere with the three ranks of the imperial guardsmen
are punished by two years of penal servitude.

[ nsubj \
= & i & ’ 1iE - °
dash three guard guard those who servitude two  year
VERB NUM NOUN NOUN PART PUNCT VERB NUM NOUN PUNCT

[C.3]

If a dependent clause serves as oblique of an independent clause, the two clauses are

connected together. For example, in [C.4], the second clause is a complete sentence with

a subject (“J¢ / crime”), a verb (“4 / resemble”), and “Z / it”. The first clause provides

additional information about the crime, specifically on which occasions the crime is the same,
and therefore, it connects to the second clause via the relation obl.

ID: 10:125:1:2

Sentence: # KFUERIE [ ERIA M MEE » RIS -

Translation [276]: In cases where, according to the statuses, documents should be sent

to the palace by courier and they are not, the punishment is the same.
%mﬁﬁ%zﬁiﬁﬁﬁsﬁﬁxiﬁ%{5%&mtnz

if  according to status should need dispatch messenger go to palace and  not dispatch those who crime also resemble this
SCONJ VERB NOUN AUX VERB VERB NOUN VERB NOUN CCONJ ADV VERB PART PUNCT NOUN ADV VERB PRON PUNCT

[C.4]

If a dependent clause is marked by a coordinate or subordinate conjunction, it connects

to the independent clause as advcl or conj. A word is a conjunction if it is labeled as such
(77d) in the Classical Chinese Dictionary [277]. In [C.5], the connection (advcl) is licensed

=Ly

by a subordinate conjunction marker “&Ex
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ID: 1:6:7:1ch:s3
Sentence: FxATEM » JR[FE 15 ;

Translation [244]: Even if these items have not yet been presented to the emperor, the
crime still comes under the ten abominations.

[ mark \ [ advel \
& & & @ . x W E :
not reach emperor also same ten abomination
SCONJ ADV VERB NOUN PUNCT ADV VERB NUM NOUN PUNCT

[C.5]

As another example, in [C.6], (B) is connected to (A) because the connection is licensed

by a conjunction “/3”. On the other hand, (C) is not connected to other clauses because there
are no conjunctions licensing such connection.

ID: liu-yi-zhuan:11:6

Sentence: (A)REIRFLZ » (B)JMERLIIT » (C)@KEL -

Translation: (A) Jia suddenly realized and realized it, (B) and then he rushed to the
bottom of the mountain. (C) He grabbed his clothes and quickly ascended.

conj
/
Es)

4 H P G Z ’ ES i T ’ ik P 95 i
Jia  suddenly in a manner of remember 1 n lush go to mountain bottom take clothes quickly ascend
PROPN ADJ PART VERB PR()N PUNCT CCONJ VERB VERB NOUN NOUN PUNCT VERB NOUN ADV VERB PUNCT

[C.6]
However, there are limited cases where seemingly independent clauses can be connected.
Two clauses can be connected if they are both part of the subject, both part of the object, or
both clausal modifiers of the same word, even if the connection between the two clauses is
not explicitly enabled. In [C.7], the clause “JE5 & ¥ is connected to “&f—%5F" because
the first clause serves as the subject, and the second clause serves as the predicate. Then
these two clauses are connected to the rest because they serve as the clausal subject (csubj),
and the rest serves as the predicate. In the predicate, the clauses “HEMITTEE” and & SE Mt~
are connected by the relation conj, because both are the object of the verb “&5”. Therefore,
the entire set of 4 clauses are considered to share the same root.
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ID: 29:469:1:85

Sentence: [EZFTEE » FE—F 1 - FBEMTIEH - ST -

Translation [276]: “If the means of restraint are changed, the punishment is reduced one
degree in each case” means that those who should be in the cangue are put into fetters
or those who should be in fetters are put into the cangue.

T — WPy 0

1
r )@ B Pﬁ % % ’ % - % i ’ EE’ J%‘ TJJD Ffﬁ %L{ ’ F§ %il{ i il

PUNCT \ERB \ERB PART \ ERB P-’\RT PU\I( T PR()N \ERB I\U\I I\()UI\ PUNCT PUNCT \ ERB AU‘( \ERB ((()\II V ERB PUNCT -'\UX \ERB CCONJ \ ERB

C.7]

As another example, in |C.8], there are three clauses: (A)“# G IBIE (if there is a violation

of law)”, (B)“4TH EF] A& (the officials in charge of the night patrols are not aware)”, and

(C)JB T % 9 % (the punishment of the night guard reduced by two degrees)”. (A)

contains a subordinate conjunction, which indicates that it is an adverbial clause. Semantically,

both (A) and (B) states the condition of an offense, and (C) lays out punishment of the

offense, so we interpret (A) and (B) as part of the adverbial clause, and (C) as the main

clause. Therefore, (A) is connected to (C) with advcl, and (B) is connected to (A) with
conj, even though (A) and (B) are not explicitly connected.

ID: 8:78:1:1

Sentence: # AILIE » TR EFAE - WTHREFE_SE

Translation [276]: if there is an offense, and the officials in charge of the night patrols
are not aware of it, his punishment is reduced two degrees below that of the guardsmen.

ROOT
T =
f——)
[ T

% " 1L 155 ’ 7 " X A N~ &£ ’ e F & & Ik = &
has violate patrol night main officer not aware reduce guard guard crime two degree
SCOI\] VERB VERB \I()UT\ PUNCT \FRB NOUN ADJ NOUN ADV VERB PUNCT VERB VERB VERB NOUN NOUN I\UM NOUN PUNCT

C.8]

C.2.4 List of universal dependency relations used in our analysis

We use the following dependency relations from Universal Dependencies (UD), [246] in our
analysis.

nsubj: the nominal subject of a clause

In our analysis, if the subject is semantically the object of the clause, we still use nsubj
as the dependency relation. In addition, the subject of sentennces with bei constructions is
connected to the main verb via nsubj, which is simplified from nsubj:pass in UD.
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Example:

ID: 4:34:4:1

Sentence: [ ~ EH#E » HAFEHAE -

Translation [244]: Punishment may not be fore more than the basic value of a particular
thing, even though its use or rent produced more than its basic value.

[ nsubj \
[ > =1 i % ’ A B/ @ H K °
use rent even though many each no can surpass its basic value

NOUN PUNCT NOUN SCONJ AD] PUNCT PRON ADV AUX VERB DET ADJ NOUN PUNCT
1C.9]

obj: the object of a clause

Example:

ID: 4:34:4:1

Sentence: & ~ EH#L - K NGHRHEAM -

Translation [244]: Punishment may not be fore more than the basic value of a particular
thing, even though its use or rent produced more than its basic value.

[ > =1 B % ’ s A~ B B H K HA °
use rent even though many each no can surpass its basic value
NOUN PUNCT NOUN SCONJ ADJ PUNCT PRON ADV AUX VERB DET ADJ NOUN PUNCT

[C.10]
In our analysis, if the object is a clause, the head of the clause is also connected with the
main verb via obj. We did not use relations such as ccomp and xcomp in our analysis
(Also See C.2.7).
Example:

ID: 9:101:1:1

Sentence: I » AEFRML L5 > BERBEE > HAT

Translation [244]: All cases of putting a person in charge of a court celebration while
knowing that he is in mourning of a relative within the fifth degree of mourning are
punished by fifty blows with the light stick.

WO = g #oF # o L b i ’ & % # = & g RN
all  court celebration know has hemp hemp yi above mourning still fill  execute matter those who beat  fifty
DET NOUN VERB PUNCT VERB VERB NOUN NOUN ADP NOUN NOUN PUNCT V I"RB VERB VERB NOUN PART PUNCT VERB NUM PUNCT

[C.11]

csubj: clausal subject

Example:
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ID: lu-shan-cao-tang:2:3
Sentence: WIFEH A » BHE AL

Translation: Building stairs uses stones. Covering windows uses papers.

0] P H £ ’ E & H s °
pile stairs use stone cover window use paper
VERB NOUN VERB NOUN PUNCT VERB NOUN VERB NOUN PUNCT
[C.12]
obl: oblique
Example:
ID: 4:31:3:1
Sentence: JDFERFZH/N -
Translation [244]|: An offense has been committed before a person is aged or infirm.
CHN S S N
commit crimt time young small
VERB NOUN NOUN ADJ ADJ PUNCT
[C.13]

advcl: adverbial clause

Example:

ID: 4:34:4:1

Sentence: J# ~ EH#L » B ANGHEAM -

Translation [244]: Punishment may not be fore more than the basic value of a particular
thing, even though its use or rent produced more than its basic value.

[ advcl
& > =1 i % ’ £ A~ B @ H &K &
use rent even though many each no can surpass its basic value
NOUN PUNCT NOUN  SCONJ ADJ PUNCT PRON ADV AUX VERB DET ADJ NOUN PUNCT

[C.14]
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acl: clausal modifier of a noun

Example:

ID: 15:199:3:2

Sentence: BiE FEIFNMEEE » (FETFTA] > FIFABREGE -

Translation [276]: If the officer in charge at the time has knowledge of this and yet
allows it, everything about which he has knowledge is combined and calculated, and the

punishment is the same as for carrying private possessions.

B H E ] b L] # ’ Lid it Fi bl g S N il ‘ii
supervising in (h arge main department know md listen those who mbine count that which know equal illicit carry on the back carry
VERB VERB ADJ NOUN VERB CCONJ VERB PART PUNCT \ hRB VERB PART VERB PUNCT VERB ADV VERB VERB N()U\ PUNCT

[C.15]

advmod: adverbial modifier

Example:

ID: 4:34:4:1

Sentence: § ~ BH#i% » HANFEHAE -

Translation [244]: Punishment may not be fore more than the basic value of a particular
thing, even though its use or rent produced more than its basic value.

[ . =1 i % ’ & A~ B oB® H K HF
use rent even though many each no can surpass its basic value
NOUN PUNCT NOUN SCONJ ADJ PUNCT PRON ADV AUX VERB DET ADJ NOUN PUNCT

[C.16]

discourse: discourse element

In our study, we use discourse to connect the head of the clause before a colon to the head
of the clause after the colon.
Example:

1D: 1:3:1:1
Sentence: fEM A 1 —4F ©

Translation [244|: The five punishments of penal servitude have a duration of one...

fiE il h : - °
servitude punishment five one year

NOUN NOUN NUM PUNCT NUM NOUN PUNCT

[C.17]

We also use discourse to connect a sentence final particle to its head (usually a verb).

In UD this dependency relation is labeled as discourse:sp, but in our study, we simplified it
to discourse.
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Example:

ID: liu-yi-zhuan:2:12
Sentence: FH : TIARATFH ?

Translation: Liu Yi said, “what place is this?”

B H : r L A I N o/ ? i
Liu Yi said this  what place ye
PROPN VERB PUNCT PUNCT PRON PART NOUN PART PUNCT PUNCT

C.18]

amod: adjective modifier

Example:

ID: 15:199:3:2

Sentence: B FRIFIMEIRE »

Translation [276]: If the officer in charge at the time has knowledge of this and yet allows
it....

B 1 F H] 0 T I & ’
supervising in charge main department know  and  listen those who
VERB VERB ADJ NOUN VERB CCONJ VERB PART PUNCT

[C.19]

aux: auxilary

Example:

ID: 4:34:4:1

Sentence: J& ~ EH#EE » B AFHEHAE -

Translation [244]: Punishment may not be fore more than the basic value of a particular
thing, even though its use or rent produced more than its basic value.

aux

[ ‘ =1 B % ’ s A B @ H K M
use rent even though many each no can surpass its basic value
NOUN PUNCT NOUN SCONJ ADJ PUNCT PRON ADV AUX VERB DET ADJ NOUN PUNCT

[C.20]
The auxiliary word marking passive voice “#%” is parsed as aux:pass in our analysis.
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Example:

ID: 25:368:1:1cl

Sentence: ¥l » FEE R o

Translation [276]: Replying to an imperial decree means to have a personal audience
with the emperor an be questioned by him.

#f il ’ HOOBROOR o # M °
reply imperial decree refer self meet bei  ask
VERB NOUN PUNCT VERB ADV VERB AUX VERB PUNCT
[C.21]
cop: copula
Example:
ID: ji-ji-ji:3:3
Sentence: VIR » NG o
Translation: Vast water flows eastward. Going to the sea is its expected destiny.
i b3 ® om0 # g B
vast vast water east flow go sea is  destiny
NOUN NOUN ADV VERB VERB NOUN AUX NOUN
[C.22]

mark: marker

mark connects a subordinate conjunction with the head of the subordinate clause.
Example:

ID: 4:34:4:1

Sentence: [ ~ EH#EE » B AFHEHAE -

Translation [244]: Punishment may not be fore more than the basic value of a particular
thing, even though its use or rent produced more than its basic value.

[ > =1 B % ’ s A~ B B H K #A
use rent even though many each no can surpass its basic value
NOUN PUNCT NOUN  SCONJ ADJ PUNCT PRON ADV AUX VERB DET ADJ NOUN PUNCT

[C.23]
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det: determiner

Example:

1D: 4:34:4:1
Sentence: & ~ Bi#ffL » ZAEFREAKE o

Translation [244]: Punishment may not be fore more than the basic value of a particular
thing, even though its use or rent produced more than its basic value.

[ > =4 B % ’ # N~ B @ H K #H °
use rent even though many each no can surpass its basic value
NOUN PUNCT NOUN SCONJ ADJ PUNCT PRON ADV AUX VERB DET ADJ NOUN PUNCT

[C.24]

case: case marking

Example:

ID: 23:338:1:1cl

Sentence: 78 A B » ZICFIFZ o

Translation [276]: This refers to persons agreeing to a game where strength is used in a
friendly way but death results.

=R S| # B ’ E 417 n [Al & °
refer to by  force together play reach death mutual together in cases where
VERB ADP NOUN ADV VERB PUNCT VERB NOUN ADJ ADJ PART PUNCT

[C.25]
Example:

ID: yang-li-shu:4:3

Sentence: & AFHERRIEEL, #EEZ & » BITHZIhRF ?

Translation: Because of this I know I can sleep peacefully with a high pillow. I can be
free from the worry of wounds. It’s all the merit of this cat, isn’t it?

2 ooE o@omo B\ B & & Kz E o B BBz B A F
this hum\t know 1 can high  pillow peacefully sleep stop  wound wound s all  this merit  differ  hu
DET ADP VERB PRON AL)& VERB NOUN = ADV \LRB PUNCT \LRB NOUN NOUN PART I\OU\I PUNCT AD\/ DET I\OL\I PARI NOUN ADJ PART PUNCT

C.26]
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conj: conjunction

Example:

ID: 16:228:1:1

Sentence: FHIENEAMNE » EZ4F 5

Translation [276]: All cases of conscripts replacing each other under false names are
punished by two years of penal servitude.

WL A B & #H R & ’ 1€ -
all conscript person fake name each other replace those who servitude two years
DET VERB NOUN VERB NOUN ADV ~VERB PART PUNCT VERB NUM NOUN PUNCT
[C.27]
cc: coordinate conjunction
cc marks the coordinate conjunction with the head of the coordinating element.
Example:
ID: 29:469:1:1
Sentence: # [NEZETTANEE
Translation [276]: All cases of not imprisoning persons who should be...
* S A
all prisoner should imprison  but not imprison
DET NOUN AUX VERB CCONJ ADV VERB PUNCT
[C.28|

compound: compound words

Example:

ID: 29:469:1:1

Sentence: 5 FrE#E » Blfi—5% -

Translation [276]: If the means of restraint are changed, the punishment is reduced one
degree in each case.

compound

i 5 Fit e & ’ % w®W - % °
change change that which wear those who each reduce one degree
VERB VERB PART VERB PART PUNCT PRON VERB NUM NOUN PUNCT

[C.29]
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punct: punctuation

Example:

ID: 23:338:1:1cl

Sentence: 78 A B » ZICFIFZ o

Translation [276]: This refers to persons agreeing to a game where strength is used in a
friendly way but death results.

punct
punct
punct punct \
( @A oo»n % ® - E E M R #
refer to by  force togcther play reach death mutual together in cases where
PUNCT VERB ADP NOUN ADV VERB PUNCT VERB NOUN ADJ ADJ PART PUNCT PUNCT

[C.30]
If there are multiple sentences within a quotation or a parenthesis, the opening quotation or
parenthesis connects to the head of the first sentence, and the closing quotation or parenthesis
connects to the head of the last sentence.
Example:

ID: 13:174:1:1cl

Sentence: ()N ~ BAEURE HE > LR FIAREL o)

Translation [276]: At the prefecture and county levels, the senior official is the principal.
He, his subordinates, and those who have lower grades of rank are collectively responsible.

/ ) \
CM ~ Bo® W OB ®W B ® - omooo T om & o o& .

prefecture county all with senior official as subordinate position yi  below grade rank collective punish
puNCT "NOUN® PUNCT NOUN ADY ADP “AbJ NOUN VERB NOUN PUNCT ~ NOUN — ROUN. ABP NOUN ¥0UN NOUN “VERB® VERB PUNCT PUNCT

|C.31]

root: the root of a sentence

Example:

1D: 1:3:1:1
Sentence: fEMIF @ —4F o

Translation [244|: The five punishments of penal servitude have a duration of one...

fiE il f : — °
servitude punishment five one year

NOUN © NOUN = NUM PUNCT NUM NOUN PUNCT
C.32]
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appos: appositional modifier

Example:

ID: liang-han-bian-wang:3:4
Sentence: AR EE LIER £57 » FRARE.

Translation: Every minister all regarded that the King of Qinghe, Suan, was senior and
had good morals...

/N il EN E 1= A > N - T = # ’ E ® A [
minister minister minister minister all regard Qinghe Kin, Suan ge senior has moral
NOUN NOUN ADJ NOUN DET VERB PROPN NOUN PROPN PUNCT NOUN ADJ VERB NOUN PUNCT

[C.33]

C.2.5 Word segmentation

Each character is treated as one word, with the following two exceptions. First, numerals,
no matter how many characters they have, are treated as one word. For example, in [C.34]
the numeral T (two thousand) is treated as one word, even though it consists of two
characters. Second, proper nouns, such as personal names or place names, are also treated as
one word. See [C.35].

ID: 7:71:1:1
Sentence: L TH o
Translation [276]: exile at a distance of 2000 /i.

ROOT

punct

nummod

¥ —F H °
exile two thousand I

VERB NUM NOUN PUNCT
C.34]
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ID: 1:6:4:s1
Sentence: BIANE 225 AR EAH »
Translation [244]: Like Mou-yi of Jii came as a fugitive, giving [the city of] Mou-Lou.

punct

ROOT

advmod

Y DY DY Y

B o = 2R D RE K 5
then like Ji Mouyi with Moulou came defect
ADV VERB PROPN PROPN ADP PROPN VERB VERB

C.35]

C.2.6 Conventions on common constructions
Constructions involving “3#&”

One of the most common constructions in the Tang Code is “< A >3, < B >”., where A
describes the situation of the offense, and B states the punishment of the offense. In this
case, the head of the highest node of A is “3&” via the dependency relation acl, and “#&”
connects to the ROOT of the sentence via nsubj or obl, following conventions in C.2.7. See
[C.58, C.59] for examples.

It is also common for these constructions to start with subordinate conjunctions such as
“H, B or “H” (all translated as “if”). The head of these conjunctions are all the main
verb of the clause, and the dependency relation is mark. See [C.36, C.37, C.38| for examples.

ID: 14:186:2:1

Sentence: RIARIAZEANFEZE KL% » Dlzgimil —5%%

Translation [276]: If a supervisory official subverts the law by taking another man’s wife,
concubine, or daughter as his concubine, the punishment is for illicit sexual intercourse

increased two degrees.

AP T * % A % %= K gy & ’ U #& Eil moo= %
if subvert law marry person wife concubine and daughter those who as rape consider add two degree

SCONJ VERB NOUN VERB NOUN NOUN NOUN CCONJ NOUN PART PUNCT ADP NOUN VERB VERB NUM NOUN PUNCT

[C.36]
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ID: 10:125:1:2

Sentence: FH{KFEHE MM AES » UL -

Translation [276]: In cases where, according to the statuses, documents should be sent
to the palace by courier and they are not, the punishment is the same.

[ mark

*H {3 = JiE A iE fit B &l mo AR bics & ’ EIEN ] Zz
if  according to status should need dispatch messenger go to palace and not dispatch those who crime also resemble this
SCONJ VERB NOUN AUX VERB VERB NOUN VERB NOUN CCONJ ADV VERB PART PUNCT NOUN ADV VERB PRON PUNCT

C.37]

ID: 14:186:1:2

Sentence: HAEEAFEERE » H—5% o

Translation [276]: For officials who are not supervisory officials, the punishment is
reduced one degree.

mark
£ 0B O B B % S T
if  existing official no supervise supervise those who reduce one degree

SCONJ ADJ NOUN VERB ADV ~ VERB NOUN PUNCT VERB NUM NOUN PUNCT

[C.38|

Determiners like “#&” can also start a sentence, and in this case, the head of “§&” is also

“3%” and the dependency relation in this case is det. This translates to “All those who...”, or
“in all cases where...”. An example is given in [C.24].

ID: 2:12:1:1

Sentence: FE I NA B MBI > BFRE

Translation [244]: All cases in which women who have official rank or fief-titles commit
offenses...

det

o Im A el H i X =) i ’ 1L it & ’
all women person have official rank and fief title commit crime those who

DET NOUN NOUN VERB NOUN NOUN CCONJ NOUN NOUN PUNCT VERB NOUN PART PUNCT

C.39]

Constructions involving “Ff”

One function of “FT” is to combine with verbs to form noun phrases representing the location,
the personnel, or the entity carrying out the action [277]. Following [278], the head of “Ff” is
the verb via the dependency relation mark. The dependency relation between the verb and
its head depends on the function of the resulting f-phrase.

[C.40] and [C.41] are two examples. There are three verbs: “f& (borrow)”, “&] (manage)”,
and “% (wear)”. They combine with “ff” to form noun phrases “PFrE”, “Fr]”, and “Fr&”,
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which are translated to “the object which they borrowed”, “the person who manages”, and
“the object which they wear”, respectively. These noun phrases all serve as the object of the
corresponding clause.

ID: 15:211:2:1

Sentence: # - RFHRE » HE A > #WEWE

Translation [276]: If what has been borrowed is lost and the person reports it to the
government office himself, the value must be repaid in accordance with the law.

{obi)
[ —{(mark}— X
H T ES Fit & & ’ IS It Gl ’ i 15 n %
if miss  lose the thing which borrow those who self report the person who manage fully compensate according to law
SCONJ VERB VERB PART VERB PART PUNCT ADV VERB PART VERB PUNCT ADV ~ VERB ADP NOUN PUNCT

Sentence: HUIAE Wi Z KB &% » FRIFANZ o
Translation [276]: If the prisoners themselves remove the means of restraint or change
them, the punishment is the same as above.

&5

l
ap S % k@ Vi & ’ EIE n Z °
If  prisoner self take off off and change change the thlng which wear those who crime also resemble this

SCONJ NOUN ADV VERB VERB AND VERB VERB PART VERB PART PUNCT NOUN ADV VERB PRON PUNCT

[C.41]

“Ffr” usually combines with “LA” to form the construction “PFTLL”. It can either mean

“therefore” or “the reason of”. When it means “therefore”, we treat it as a compound adverb.

When it means “the reason of”, the head of “LA” is “F”, with the dependency relation case,
while “Ffi” connects to its head as mark; see [C.42, C.43].

ID: ji-ji-ji:3:7

Sentence: 4 Z THRIEH /e T Zi81% » dBERLZ ANEEHI A LA Al ©

Translation: The craftsmen today all steal old techniques left by the master craftsmen
of antiquity, so they are able to accomplish the work, but they do not know what makes
it successful.

4 z L oo KW % I z picd e ’ "k fit )24 z ., K | L2 | )21 t
tod. s craftsmen all steal its old antiquity craftsmen s leftover technique can accomplish it can  know reason for become success ye
NOUN pART “NOUN" ADV VERD DET ADJ A1 “NOUN" PART NOUN  NOUN™ PUNCT ADV AUX ““VERB  PRON PUNCT AUX VERD SCONJ ADP AUX. NOUN PART PUNCT

|C.42]
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ID: shen-yan-yu-di:1:1

Sentence: BB H MR > SiH—F » BB —F THHENGES » FIUABEE -
Translation: Every day when I hold court, whenever I am about to say a word, I ask
myself whether it will benefit my people, so I do not speak excessively.

[advinod
[compound)
= . B H B ¥ T El bi ﬁ ’FU ?‘ G P, u T M % E

i3 u 1EI % Eﬁ ’ ﬁA E

1 Dl the! ink this dar
PRON \Dl NOUN \ERB \f)U\ PUNCT \L\ \ERB \U\I \()L\ PUNCT ((‘()\I \ERB DET \L\ \()U\ \DT \U'\I \()L\ \ERB \()L\ \()U\ \ERB PU\(“T ’\D\ ’\D\ '\D\ \ERB ’\D\ \ERB PUNCT

C.43]

Constructions involving “2Z”

“Z” as a particle usually appears in the form of “< A >2Z < B >". If A is a noun phrase,
then “2Z” marks the genitive case. In this case, it roughly translates to “< A >’s< B >”.
“2Z” connects to the highest node of A, with the dependency relation case. Meanwhile, A
connects to B via nmod. See [C.44, C.45| for examples.

ID: 29:s1
Sentence: B 4 > HEEEHREL »

Translation [276]: The name of the Articles on Judgment and Prison began during the
Wei dynasty.

7 Bk " oz A& ’ e B B B ’
judgment prison article s name originate from in  Wei

VERB NOUN NOUN PART NOUN PUNCT VERB ADP ADP NOUN PUNCT

(C.44]

ID: 4:34:3:1

Sentence: H MK ORRE ~ KBJE 2 %0 » TMRIBRFEH -

Translation [244]: Assessment of the value of such things as boats, grinding mills,
warehouses, and wholesale stores is also according to the value of the rent at the time of

the offense.

xxxxxxxx 1

ase

ﬁ ﬂ’u‘ K L3 figt . i I Z *E ’ TR L 53 & E
and grinding mill home store all follow commit crime time  rent

SCON] \OU\ CCONJ NOUN NOUN PUNCT NOUN NOUN PART NOUN PUNCT ADV VERB VERB NOUN NOUN NOUN PUNCT

(C.45]

On the other hand, if A is an adjective or a relative clause, “Z” serves as a relativizer
and connects to the highest node of A with mark:rel, which is merged with mark in our

analysis. See [C.46| for an example.
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ID: 14:186:1:1

Sentence: & EalfhZ H > AR HEE - B—8H

Translation [276]: All cases of supervisory officials who take women within their area of
jurisdiction as concubines are punished by one hundred blows with the heavy stick.

i# 4 i z = ’ B B B T z B % # ’ 38 —H ;
all supervise supervise who official marry the person who supervise supervise women as concubine those who heavy stick one hundred
DET VERB VERB PART NOUN PUNCT VERB PART VERB VERB NOUN ADP NOUN PART PUNCT VERB NUM PUNCT

[C.46]

Constructions involving “%”

One construction where “%%” appears is “Z< A >< B >, where A is a noun and B is a verb.
In this case, “£5” specifies the beneficiary of the verb, which translates to the preposition “for”.
“F" connects to < A > with case, and < A > connects to < B > with obl. An example is

provided in [C.47].

1D: 14:186:1:1
Sentence: & AFBEEE » JAUIZ °

Translation [276]: If a supervisory official takes a woman as concubine for one of his
relatives, the punishment is the same.

ES R % & ’ ZI) an Z °
if for relatlve relatlve marry those who also resemble this
SCONJ ADP NOUN NOUN VERB PART PUNCT ADV VERB PRON PUNCT

[C.47]

“F” can also appear in constructions such as “< A >< B >%&s< C >, where A is a verb,

and B, C are nouns. In this case, “%” specifies the role of B as a result of action A, and it

roughly translates to the preposition “as”. “%&%” connects to C' with case, and C' connects to
A with obl. An example is shown in [C.48|

ID: 14:186:1:1

Sentence: FEERZE > BB AEE > H—5

Translation [276]: All cases of supervisory officials who take women within their area of
jurisdiction as concubines are punished by one hundred blows with the heavy stick.

o))
\
i# B i Zz H ’ E3 B B i T R ES & g 8 —H ;
all supervise supervise who official marry the person who supervise supervise women as concubine those who heavy stick one hundred
DET VERB VERB PART NOUN PUNCT VERB PART VERB VERB NOUN ADP NOUN PART PUNCT VERB NUM PUNCT

[C.48|

“f < A >Fr< B >” is another common construction. It signifies the passive voice: A is

the agent of the action of verb B. In this case, “£%” connects to A with case, and following
conventions on “fT”, “F” connects to B with mark. Finally, A connects to B with obl.
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Apart from as a preposition, “%&” can also be a verb meaning “to do” or a copula. For
example, in [C.49], “£y” is broadly translated as “to do” (“to compose” to be more specific),
so it is annotated as verb and parsed as the root of the sentence. In contrast, in [C.50], “ 7"

is broadly translate as a copula, so it is annotated as an auxiliary verb and is connected to
the predicate as cop.

ID: li-he-xiao-zhuan:1:1
Sentence: FIKFH R (FEREEF) |
Translation: Du Mu from Jingzhao composed The Preface for the Li Changji Anthology.

ROOT obj

Ik M & ( TRE & F¢ » ;
Jingzhao Du Mu  do Li Changji anthology preface
PROPN PROPN VERB PUNCT PROPN NOUN NOUN PUNCT PUNCT

[C.49]

ID: jian-tai-zong-shi:2:5

Sentence: YEFHIEA#A —K > IR AR TEE ©

Translation: If one has utmost sincerity, even peoples as remote as Hu and Yue become
one body. If one is arrogant towards others, even one’s kins become strangers.

b 2 Al # it B o—  1F ’ it L7/ I 4 W& 7 #%
utmost sincerity then  Hu Yue is  one body arrogance matters then bone flesh is pedestrian pedestrian

NOUN NOUN ADV PROPN PROPN AUX NUM NOUN PUNCT VERB NOUN ADV NOUN NOUN AUX NOUN NOUN PUNCT

[C.50]
Constructions involving “LL”

“LL” could be a subordinate conjunction licensing an adverbial clause to express reason or
purpose. In this case, “LL” connects to the top node of the adverbial clause with mark.
Another common construction involving “LA” is “Pl< A > %< B >”, where A is a noun. This
translates to “to regard A as B”. We analyze “L” as an adposition and “£%” as an auxiliary
verb, and therefore the head of “LL” is A with the dependency relation case. Accordingly,
A connects to B with obl. See [C.51] for an example. The the first “LL” is an subordinate
conjunction meaning “because”, whereas the second “LL” is an adposition meaning “regard

79

as’.
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ID: 25:52

Sentence: IS » L MM/ \E 1 HE -

Translation [276]: Because offenses involving the imperial seals are the most serious,
therefore counterfeiting the eight seals is put at the head of this section.

ROOT
advel
Ve
{obl}
o
o) \ [ f

PN il H e H ’ b2 S\ r 1 S-VAN | J 7% %I”
Because imperial seal matter important hence regard fake make eight seal
SCONJ NOUN NOUN NOUN ADJ PUNCT ADV ADP PUNCT VERB VERB NUM NOUN PUNCT VERB N()UN PUNCT

[C.51]
A is often omitted in the construction “LA< A >%5< B >”, which roughly translates to

“to think”. In this case, we still analyzed “LA” as an adposition, but its dependency relation
would be obl. See [C.52].

ID: du-si-ma-fa:1:10

Sentence: M2 BETRAEREE » BANGL > LA LH -

Translation: If the rulers in later generations can treat their subjects like this, even if
they do not conquer the world, I think it is as if they conquered the world.

= 5 z A T R I # ’ L N + ’ j:l{ S T - B Hj
Suppose later s ruler with subject has this case where even if not get  land gard as asif land
SCONJ ADJ PART NOUN ADP NOUN VERB DET PRON PUNCT SCONJ ADV VERB NOUN PUNCT NOU\I ADP VERB ADV NOUN PART PUNCT

[C.52]

Other constructions involving “LA” include “< A >LL_E (and above)”, “< A >LIZK
(since)”, and “< A >LLF (below)”, where A can be a noun or a verb. In these cases, we
regard “ 7 “Z&” and “ 1 as the top node of the corresponding phrase, with “L1” connecting

to them with case and A connecting to them with nmod or acl. Two examples are provided
in [C.53] and [C.54].

ID: 2:10:1:1
Sentence: tinll E'E
Translation [244]: officials of the seventh rank and above...

nmod

+ Hh LA - B
seven rank yi  above official

NUM NOUN ADP NOUN NOUN

C.53]
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1D: 29:s4
Sentence: V&L RR o

Translation: It is named yu since the Han dynasty.

BB k& B

S jn‘ °
Han dynasty ¢  since name prison

PROPN  ADP NOUN VERB NOUN

[C.54]
Constructions involving “5§”
: . , e
Apart from a verb meaning “to wait”, or a noun meaning “degree”, “=F” could also be a

pronoun marking the ending of an enumeration. In this case, “%” connects to the first

element of the enumeration with conj, just like the rest of the elements. An example is
shown in [C.55].

ID: fu-chou-yi-zhuang:1:20
Sentence: WESMA > sEEIEE Z1E » BEZ LU -
Translation: According to what we, the ministers, see, it would be appropriate to rectify
the laws of the country and to deal with it by punishment.
mn E E g A ’ # H iE z %o H z il

According to minister etc.  suo see say should rectify country s law place it  with punishment
ADP NOUN PART PART VERB PUNCT VERB AUX VERB NOUN PART NOUN VERB PRON ADP  NOUN PUNCT

[C.55]

C.2.7 Misc

xcomp and ccomp

In our analysis, open clausal complement (xcomp) and clausal complement (ccomp) are not
used. Instead, they are broadly labelled as conj or obj.

For example, in [C.56], “/B (there is)” is the top node of a clause that serves as the object
of “H1 (to know)”. In Universal Dependencies [246], this relation would be labelled as ccomp,
but in our analysis, for simplicity, it is labelled as obj.
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Example:

ID: 9:101:1:1

Sentence: FEFAF » FAMMLL L€ - BRHEE > ELT

Translation [244]: All cases of putting a person in charge of a court celebration while
knowing that he is in mourning of a relative within the fifth degree of mourning are
punished by fifty blows with the light stick.

7 i = g ﬁ?ﬂ =l # ik Ll = 72 ’ iﬁ 7 #H * & g /é. EI
dll court celebration ow has hemp hemp yi above mourning fill  execute matter those who

DET NOUN VERB PUNCT \/ERB VERB NOUN NOUN ADP NOUN NOUN PUNCT \ERB VERB VERB NOUN PART PUNCT V! ERB \UM PUNCT
|C.56]
As another example, in [C.57], there are two verbs in the subject clause: “J& (dispatch)” and
“I (rob)”. The object of the first verb “HFH ~ I (retainers and slaves)” are implicitly the
subject of the second verb. In Universal Dependencies [246], the second verb connects to the
first verb by xcomp, but in our analysis, for simplicity, the relation merged with conj.

ID: 20:297:4:1

Sentence: FIBHRRM ~ DUREE » HEAR - 1E

Translation [276]: If a master sends a personal retainer or a slave to commit a robbery,
even if he gets none of the goods, he is still the principal.

onj

S b il i . !IX s g & ’ i - i /] ’ 13 B
master dispatch retainer retainer slave  slave \tell cases where even though not  pick up thing still be principal
NOUN VERB NOUN NOUN PUNCT NOUN NOUN VERB  PART PUNCT SCONJ ADV \LRB NOUN Pl NCT ADV VERB NOUN PUNCT

C.57)

nsubj, obj, or obl

It’s common in the Tang Code that a noun phrase precedes a verb phrase, and in many
cases, the noun phrase serves as the subject, and the verb phrase serves as the predicate.
However, this is not always the case, as the noun phrase can serve as the patient of the verb
phrase, or it can serve as a topicalizer (translated as “in cases where”). For the former case,
the dependency relation is nsubj:pass in Universal Dependencies, but in our analysis, it is
merged with nsubj. For the latter case, the dependency relation is obl.

For example, in [C.58], the noun phrase (“those who interfere with the three ranks of the
imperial guardsmen”) is the patient of the verb (“punish”), because the violators are being
punished, rather than doing the punishment. Therefore, the two clauses are linked together
via the dependency relation nsubj:pass, which is merged into nsubj in our analysis.
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1D: 7:74:1:1
Sentence: fE =L » & 4F o

Translation [276]: Those who interfere with the three ranks of the imperial guardsmen
are punished by two years of penal servitude.

nsubj
} . i / — \
' = e H ’ fit L °
dash three guard guard those who servitude two  year
VERB NUM NOUN NOUN PART PUNCT VERB NUM NOUN PUNCT

[C.58]

On the other hand, in [C.59], although the sentence structure is similar, the noun phrase

here serves as a topicalizer and is roughly translated as “in cases where”. Instead of being the

agent or the patient of the predicate, it provides additional information, and therefore the

dependency relation here is obl. The real subject of the sentence is “the punishment”, which
is omitted and should be inferred from context.

ID: 14:186:2:1

Sentence: RIARIEZANFEZE L # » Dzl —5%

Translation [276]: If a supervisory official subverts the law by taking another man’s wife,
concubine, or daughter as his concubine, the punishment is for illicit sexual intercourse
increased two degrees.

[ - \
Ap i = E® A # % X ey & ’ L) % i b/
if  subvert law marry person wife concubine and daughter those who rape consider add two degree
SCONJ VERB NOUN VERB NOUN NOUN NOUN CCONJ NOUN  PART PUNCT ADP NOUN VERB VERB NUM NOUN PUNCT

[C.59]

In our analysis, we followed the principle that if a sentence segment can be reasonably
interpreted as the subject or the patient of the following predicate, the dependency relation
will be nsubj. On the other hand, the dependency relation will be obl.

In the Tang Code, the punishments are generally described in two parts: the type of the
punishment and the degree of the punishment. For example, in [C.60], the verb “4€” describes
the type of the punishment (penal servitude), and the phrase “ 4" describes the degree, or
in this case, the duration of the punishment (two years). In this paper, we parsed the degree
of punishment as obl. See [C.60] for an example.
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ID: 7:74:1:1

Sentence: f# —fHLE » fE 4F o

Translation [276]: Those who interfere with the three ranks of the imperial guardsmen
are punished by two years of penal servitude.

wm = i & ’ 1t - °
dash three guard guard those who servitude two  year
VERB NUM NOUN NOUN PART PUNCT VERB NUM NOUN PUNCT

[C.60]

Another common way to describe punishments is to state the added/reduced degree

compare to the punishment of another offense. In [C.61], the punishment of killing or

wounding a person in play is defined as two degrees less than that of killing or wounding a

person in affray. In our convention, the punishment being compared to is analyzed as obl,
and the degree reduced is analyzed as obj.

ID: 23:338:1:1

Sentence: FEBREENE » WG 5

Translation [276]: All cases of killing or wounding a person in play are punished two
degrees less than for killing or wounding a person in affray.

[ bl \ X
OB BB A & ’ ik Mmoo&R B = %
all  play  kill injure people cases where reduce fight  kill injure two degree

DET VERB VERB VERB NOUN PART PUNCT VERB VERB VERB VERB NUM NOUN PUNCT
[C.61]

compound and amod/nmod

amod/nmod are used in multi-character expressions (usually 2 characters) where the first
character modifies the second character. If the first character is a noun, the relation is nmod,
and if the first character is an adjective, then the relation is amod. Examples include “Ji#
'E (prison’s official; nmod)”, “&'E (senior official; amod)”, and “Z&#k (case document;
nmod)”. In all these cases, the first character modifies the second character. The head of
these expressions is the second character.

On the other hand, compound is used in multi-character expressions where both character
are of equal status, or they don’t modify each other. Examples include “B & (carriages +
horses)”, “# % (kill + injure)”, “H# (streets + alleys)”, and “28# (refer + investigate)”.
In these cases, both characters within each expression are equal to each other. The head of
these expressions is the first character.

147



Classical Chinese

10.0

~N
«

(excluding proper nouns)
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genre

Figure C.1: In classical Chinese, legalese texts exhibit similar average word fre-
quency as non-legalese ones. Mean negative log word frequency per sentence (y—axis)
for classical Chinese legalese and non-legalese texts (z—axis).

C.3 Analysis on word frequency

As a proxy for comprehension difficulty, besides average dependency length, we also looked at
a second variable in this study: average word frequency per sentence. Similar to dependency
length, it is also shown to contribute to comprehension difficulty in legalese texts [45], although
to a lesser extent. For classical Chinese, we drew the frequency data from a classical Chinese
character frequency list, published by the State Language Commission (B %#E & X F LI
ZE®)!. Since in our analysis, one character corresponds to one word, word frequency is
hence approximated by character frequency. However, because numbers and proper nouns
are treated as single words regardless of their length, they were excluded from the average
frequency calculation. For modern Chinese, we drew word frequency data from the Python
library wordfreq (Version 3.1.1), [279], which aggregates Chinese word frequency data from
Wikipedia, subtitles, news, books, web texts, Twitter/X, and Reddit.

Table C.4 and Figure C.1 show the average negative log frequency for each genre in
classical Chinese. We ran a mixed-effects linear regression on the data, with the same random
effect as the previous analysis. We found no difference in negative log word frequency between
the two genres (8 = —0.04, SE = 0.068, p = 0.497). Results in modern Chinese are shown in
Table C.4 and Figure C.2A. We adopted the subsampling analysis approach outlined in the
main text to control for the unbalanced sample size. We also included results from [222] to
compare the effect size. We set the reference levels for language and genre to be Chinese and
legalese, respectively. Among the 500 subsampling analysis, the main effect of genre were all
above zero (Figure C.2B): non-legalese texts on average contain lower frequency words than
legalese ones. This result contrasts with what was reported in [45|, where American legalese
texts contain lower frequency words than non-legalese ones. It also leads to the significant
positive interaction between language and genre (Figure C.2C).

We also calculated the negative log word frequency for additional legalese texts, including
laws in Hong Kong and Taiwan, and sub-statutory regulations in mainland China. The
results are shown in Table C.5 and Figure C.3A. Subsampling analyses show that all these

Thttps://github.com /bedlate/cn-corpus/tree/master/
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Figure C.2: Legalese texts in mainland China exhibit higher average word frequency
than non-legalese texts. (A) Mean negative log word frequency per sentence for modern
Chinese texts. The English data is drawn from [222] as a comparison. (B-C) Results from
the sub-sampling analysis: (B) Distribution of genre effect estimates (beta) obtained from
500 comparisons between the legalese data and the size-matched subsamples of the non-
legalese data. (C) Distribution of interaction between genre and language, obtained from 500
comparisons between the legalese data and the size-match subsamples of the non-legalese
data, along with legalese and non-legalese data from a previous study on American English
[222].
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legalese texts on average contain significantly more frequent words than non-legalese texts
(See Figure C.3B-C), which is also in the contrary of the findings in [45] on American English.
These results imply that legalese written in both classical Chinese and modern Chinese do
not contain low-frequency jargons that impede understanding like in American legalese.

C.4 Reliability of Stanza

In our modern Chinese analysis, we used Stanza [252] to automatically annotate and parse
the legalese and non-legalese texts. In this analysis, we checked how much Stanza is reliable
in annotation and parsing, and more importantly, how much Stanza is reliable in identifying
long dependency sentences. To do so, we randomly sampled sentences from each genre, hand
parsed them, and compared the results with the ones by Stanza. We repeated this process
3 times and hence obtained 3 batches of texts. Each batch contained approximately 2000
dependencies.

In each batch, to assess whether Stanza is accurate in identifying each word’s head and
its dependency relation with the head, we calculated the proportion of words where Stanza
identifies the same head as us (“head accuracy”) and the proportion of words where Stanza
assigns the same dependency relation as us (“deprel accuracy”). The results are shown in
Table C.6. On average, the parser agreed with our parsing only 61% of the time in identifying
the head, and 66% in identifying the dependency relation.

Then, to assess whether Stanza could at least identify sentences with longer average
dependency length reasonably accurately, we calculated two average dependency lengths
for each sentence: one from Stanza, and the other from our hand parsing. We removed
the dependencies labeled as root, parataxis, flat:foreign, and unlicensed advcl from the
calculation. We then plotted both dependency lengths against one another. Ideally, if Stanza
parsing and our hand parsing agree with each other, we would expect all the data points to be
close to the diagonal line. The results were shown in Figure C.4. Across batches, the average
dependency lengths calculated by Stanza’s parsing and our manual parsing are reasonably
similar. The results suggest that although our manual parsing and Stanza often disagree on
the heads and dependency relations of individual words, both identify the same sentences as
having long dependencies.
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Table C.2: (Continued) the genre, article name, and author of the 40 non-legalese texts in
this study.

Genre ‘ Article Author
Diary HIEAD TLAH
(Record on Youxi) (Yuan Jie, 719-772 CE)
Fiction RIRE PR
(Biography of Everlasting Sor- | (Chen Hong, 9th century)
row)
Fiction ENEE B}
(Biography of Huo Xiaoyu) (Jiang Fang, 792-835 CE)
Biography N E5E TR
(Epitaph for Zhang Fujun) (Zhang Shuo, 663-730 CE)
Commentary | RZ=TF&iHw B

Short story

Diary

Letter

Letter

Diary

Letter

Commentary

Commentary

Commentary

Diary

Short story

Short story

Biography

Short story

Biography

(On Wu’s Nobleman Zha)

(On the Outstanding Rooster)
BEAED

(Record on the Land of Drunken-

ness)
BITHEBRARE

(Letter to Grand Master Lu on
His Military Campaign)
EENEFEEE

(Letter to Governor
Changzhou)

KR E R EHER
(Record of Duke Wang of Taiyuan
Repairing the Weir in Tongzhou)
S5 FE &

(Letter to Feng Tao)
AR E I

(Commentary on the Ritual Reg-
ulations for the Nine Palace De-
vice)

A AL ST A2 T PR
(Document Requesting the North-
eastern Commanders to Carve a
Stone Inscription Commemorat-
ing Their Merits)

= Bl

(On the Three Kingdoms)

)N BT BT BAE 2D

(Record on the Sutra-Translation
Platform at Baoying Temple in
Fuzhou)

JEWEE

(A Traveler’s Dream in Tang
City)

H gt

(Account of the Sweet Dew)

JE 2B EYE

(Book of Zhou - Biography of Li
Qianzhe)
HEREESES 1+

(The Political Program jif, Zhen-
guan Times - On caution in
speech)

SEEEYE

Lu of

(Dugu Ji, 726-777 CE)
il

(Luo Ying, 833-910 CE)
4

(Wang Ji, 585-644 CE)

=4
(Li Ao, 774-836 CE)

AR
(Meng Jiao, 751-814 CE)

2 [
(Sikong Tu, 837-908 CE)

JREEZ

(Shen Yazhi, 781-832 CE)
T

(Wang Qi, 760-847 CE)

TRILEE
(Zhang Jiulin, 678-740 CE)

27

(Wang Bo, 650-676 CE)
PREIE

(Yan Zhenging, 709-785 CE)

¥ 3]
(Huang Tao, 840-911 CE)

W5 &

(Ouyang Zhan, 755-800 CE)
LYNEZE

(Linghu Defen, 582-666 CE)

R
(Wu Jing, 670-749 CE)

Bz



Table C.3: Speeches included in our analysis

Speaker ‘ Title / Occasion

Bai Chunli (H#&S) The science, technology, and innovation in China

Fernando Chui Sai On (£ | The inaugural speech of the 4th Chief Executive Officer of the

%) Macau Special Administrative Region

Hu Shih (#A3#) There is no effort in vein

Huai Jinpeng (fEiEME) Keynote speech at the World Digital Education Conference

Liu Xiaoming (Z/MEEHH) Speech at the Eton College

Mao Zedong (EIZEH) Speech at the Founding Ceremony of the People’s Republic of
China

Wen Jiabao (IR H) Speech at Harvard University

Wen Yiduo (H—%) The last speech

Xi Jinping (& 1°F) Speech at the opening ceremony of the Belt and Road Forum

Zhou Xiaochuan (/&/]N)I[) | Keynote speech at the 2009 Lujiazui Forum

Language Genre # sentences Avg. —10g Pword
Classical Chinese Il\JT(j)gillZSgealese i;‘; 18;
Modern Chinese E?)Zieiﬁi?nd China 1:1),252(1)%? 1235)
-

Table C.4: Number of sentences and the mean negative log word frequency in each type of
text. Higher values suggest higher comprehension difficulty. Note: the average negative log
word frequency have different magnitudes in different languages because the frequencies are
calculated from different sources.

Language Genre # sentences  Avg. —10g Pword
Statute laws, mainland China 35145 20.3

. Laws, Hong Kong 177363 20.7

Modern Chinese Laws, Taiwan 652191 21.9
Sub-statutory regulations, mainland China 1520877 21.0

. Legalese 1308424 19.4
English Non-legalese 6074672 174

Table C.5: Number of sentences and the mean negative log word frequency in each type of text.
Higher values suggest higher comprehension difficulty. The English data is drawn from [222]
as a comparison. Note: the average negative log word frequency have different magnitudes in
different languages because the frequencies are calculated from different sources.
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Figure C.3: Legalese texts from Hong Kong and Taiwan exhibit higher average
word frequency than non-legalese texts. (A) Mean negative word frequency per sentence
for legalese texts from Hong Kong and Taiwan, along with non-legalese texts in modern
Chinese. Results from American English are pulled from [222], as a comparison of the effect
size. Acronyms: HK - Hong Kong. (B) Distribution of (left) main effect of genre and (right)
interaction between genre and language, obtained from 500 comparisons between the Hong
Kong legalese data and the size-match subsamples of the non-legalese data, along with legalese
and non-legalese data from a previous study on American English [222]. (C) Same as (B)

but the legalese data is from Taiwan.
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Table C.6: Parsing accuracy by genre and batch. The genre and batch with the highest
accuracy is bolded, whereas the genre and batch with the lowest accuracy is underlined.
Acronyms: CN - mainland China, HK - Hong Kong, TW - Taiwan.

Genre Batch n dependencies Head Acc. Deprel Acc.
law (CN) batchl 127 0.677 0.795
law (CN) batch2 232 0.659 0.802
law (CN) batch3 194 0.598 0.680
regulation batchl 129 0.690 0.651
regulation batch2 235 0.740 0.753
regulation batch3 216 0.685 0.736
interpretation batchl 165 0.636 0.636
interpretation batch2 207 0.715 0.725
interpretation batch3 229 0.729 0.738
resolution batchl 141 0.582 0.688
resolution batch2 255 0.639 0.714
resolution batch3 197 0.614 0.756
law (HK) batchl 130 0.600 0.677
law (HK) batch?2 255 0.533 0.612
law (HK) batch3 222 0.523 0.572
law (TW) batchl 136 0.485 0.559
law (TW) batch2 139 0.612 0.655
law (TW) batch3 169 0.562 0.580
news batchl 148 0.696 0.723
news batch2 241 0.564 0.627
news batch3 193 0.580 0.606
wikipedia batchl 195 0.579 0.646
wikipedia batch2 220 0.586 0.659
wikipedia batch3 185 0.627 0.692
wechat batchl 175 0.560 0.691
wechat batch2 221 0.615 0.652
wechat batch3 211 0.720 0.754
novels batchl 163 0.436 0.589
novels batch2 204 0.392 0.480
novels batch3 122 0.615 0.664
hotel review  batchl 163 0.491 0.564
hotel review  batch2 236 0.636 0.661
hotel review batch3 238 0.479 0.597
speech batchl 135 0.741 0.741
speech batch2 229 0.646 0.699
speech batch3 193 0.793 0.694
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Figure C.4: The average dependency length per sentence by Stanza on the z—axis [252]

and by our manual parsing (y—axis), organized by batches (rows) and genres (legalese vs.
non-legalese, columns).
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