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Contemporary research in linguistics
Language defines human intelligence. We are interested in when, where, and how a 
language evolves or is processed by humans. 

Data collection and analysis (empirical study): e.g., field work and corpus linguistics;
Data oriented; generalize universals in linguistic features and conjecture relevant human 
behaviors; focus on production; focus on extant languages and some old ones preserved mainly 
i itt d t tiin written documentations;

Psychological or neuroscience experiments on human subjects in particular cognitive or 
linguistic tasks (empirical study): e.g., the artificial grammar learning, locating the neural 
bases of linguistic behaviors;bases of linguistic behaviors;

Task oriented; seek statistical or neural features in human behaviors; focus on comprehension; 
focus on modern language speakers;

Computational simulation (exploratory study); 
Behavioral models: simulate a set of actual behaviors of an individual or a group of individuals 
during language communications, and study their effect on language evolution
Focus on communication (both production and comprehension);Focus on communication (both production and comprehension);
Adopt artificial language and artificial language users;
Reconstruct linguistic behaviors during linguistic communications, recapitulate language history, 
and reconsider the effects of linguistic and non-linguistic factors on the development.
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Computational simulation in Evolutionary linguisticsp y g

Concerning language itself:
Idiolect (individual linguistic knowledge and performance); 
Communal language (the intersection or union of idiolects);Communal language (the intersection or union of idiolects);

Three stages of language evolution:
Language emergence: from “essentially no language” to “a simple language”; Language 
acquisition (ontogeny of language); and Language origin (phylogeny of language);acquisition (ontogeny of language); and Language origin (phylogeny of language);
Language change: from “one thing” to “another thing”;
Language death: from “something” to “nothing”;

Li i ti i l l t t d th t h ld t b t tLinguistic universals: language structure and use that hold across most but not 
necessarily all languages of the world (Christiansen & Kirby 2003).

Compositionality: the meanings of complex expressions are determined by the meanings of 
their components (lexical items).p ( )

English: /cats eat rats/; Chinese: /猫吃老鼠/; 
Japanese: /猫 が ネズミ を 食べ る/;

Cat (nominative)   rat (accusative)  eat    (canonical)
Regularity at the syntactic level: many languages adopt conventionalized structures (e.g., 
word order or morphology) to build up complex expressions.

English: */cat rat eats/; /cat eats rat/ and /rat eats cat/;
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Behavioral models

Simulate both synchronic development of idiolects and diachronic evolution of communal language, 
as well as the social-cultural environment of language users
Explore the minimum prerequisites (certain language-related behaviors) for certain linguistic 
universals (compositionality or regularity), and evaluate the effect of linguistic or non-linguistic 
factors on language evolution. 

Multi-agent system:

Agent (language user)

Rule-based system:

Agent (language user)

Natural/cultural environment
Rule based system:

“cat” /cat/; “run” /run/;

/cat/ << /run/
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The general procedure to construct a behavioral model to g p
study language evolution

1) Set up the working hypotheses and the conceptual framework;

2) Define the artificial language and the linguistic knowledge;

3) Define the acquisition mechanisms and the communication scenarios;

4) Define the indices to evaluate the simulation results;4) Define the indices to evaluate the simulation results;

5) Analyze the simulation results and verify the working hypotheses; 

I will illustrate this procedure using a compositionality-regularity 
coevolution model
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The compositionality-regularity coevolution model

1) Set up the working hypotheses and the conceptual framework
The working hypotheses

Language origin is a process of coevolution of compositionality and regularity: 
the acquisition and conventionalization of these universals coevolve during 
th t iti f h li ti i lli t t iti l lthe transition from a holistic signalling system to a compositional language.

The syntactic development follows a “bottom-up” scenario: the global word 
order at the sentence level can be formed based on reiterating local orders 
b t l i l itbetween lexical items.

Some domain-general abilities, such as pattern extraction (Fillmore 1979; 
Monchi et al. 2001) and sequential learning (Christiansen & Ellefson 2002),) q g ( )
could be precursors for the linguistic abilities to handle compositionality and 
regularity.

Fillmore, L. W. 1979. Individual differences in second language acquisition. In: C. J. Fillmore, D. Kempler, and W. S-Y. Wang, eds., Individual 
differences in language ability and language behavior, New York: Academic Press, 203–228. 
Monchi, O., Petrides, P., Petre, V., Worsley, K., & Dagher, A. 2001. Wisconsin card sorting revisited: Distinct neural circuits participating in 
different stages of the task identified by event-related functional magnetic resonance imaging. Journal of Neuroscience, 21(19): 7733–7741. 
Christiansen, M. H. & Ellefson, M. R. 2002. Linguistic adaptation without linguistic constraints: The role of sequential learning in language evolution. 
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1) Set up the working hypotheses and the conceptual framework
The conceptual framework: Alison Wray’s holistic protolanguage hypothesis;
Two types of integrated meanings: 

Type1: “Pr1<Ag>”: e.g., “hop<deer>”;

SEMANTICS:
“fight<wolf fox>” “jump<wolf>”

Type1: Pr1 Ag : e.g., hop deer ;
Type2: “Pr2<Ag, Pat>”: e.g., “chase<fox, wolf>”;

Detection of recurrent fight<wolf, fox> , jump<wolf>  …

“wolf”, “chase”, “fight”,
LEXICON:

Detection of recurrent 
patterns

Manipulation of local 
orderswolf , chase , fight , 

“jump” …

LOCAL SYNTAX:

A>>C B>>C A<<D …

CATEGORIES:
A: “wolf” … B: “fox” …

C: “chase”, “fight” … D: “jump” …

C t i ti A C B C A DCategorization

A>>C B>>C “fight fo olf” “fight olf fo ”
Emergent Global order:

“Bottom-up” syntactic

“<<”: before; “>>”: after

A>>C, B>>C “fight fox wolf”, “fight wolf fox”
A<<D “wolf jump” …

Bottom-up  syntactic 
development

Local syntax: binary sequential relation (before or after) between 2 lexical items;
Global word order (e g SVO SOV) results from local syntax; S: subject; V: verb; O object;
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2) Define the artificial language and the linguistic knowledge

Language is defined as a set of M(eaning)-U(tterance) mappings:
e.g., “fight<wolf, fox>” /a b c/;
The meaning part: an integrated meaning or some semantic item(s);g p g g ( );
The utterance part: syllable(s) chosen from a syllable space;
The mapping is bidirectional: in production, to express “fight<wolf, fox>”, the speaker may 
use /a b c/; in comprehension, when hearing /a b c/, the listener may interpret it as 
“fight<wolf, fox>”; 

The linguistic knowledge is represented by different types of linguistic rules:

Linguistic rules: M-U mapping or local 
syntax + strength;syntax + strength;

Lexical rules: how to map semantic 
components to utterance syllables;
Syntactic rules: local orders 
(BEFORE “<<“, AFTER “>>”, 
SURROUND “▼” and BETWEEN 
“▲”) to regulate syllables of two 
lexical rules.
A rule strength denotes the 
probability (within [0.0 1.0]) of 
successfully applying its M-U 
mapping or local order; “#” is unspecified semantic item; “*” is unspecified utterance syllable(s);
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2) Define the artificial language and the linguistic knowledge (cont.)

Categories:
Inspired from the “Verb-islands” hypothesis (Tomasello, 2003);
S t ti l (S O V) li t f l i l l d li t f t ti lSyntactic role (S, O or V), a list of lexical rules and a list of syntactic rules;
A group of lexical rules that express semantic items with the same semantic role, together 
with some syntactic rules to regulate the orders between these lexical rules and those from 
other categories;

Numbers inside () are rule strengths; numbers inside [] are association weights (the membership value for a lexical rule to 
b i t d i t t )

“fight<wolf, fox>” /b c e a/ or /b c a e/

S  V O  or  S  O V
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3) Define the acquisition mechanisms and the communication scenario

Random creation of linguistic instances (holistic expressions): without it, language could 
never get off the ground.
“Learning from experience”:g p

Acquisition of lexical rules: detection of recurrent patterns;
Acquisition of local orders and syntactic categories: 
Lexical rules with the same semantic role (Ag, Pat or Pr1/2) and similarly used (local order) in M-
U mappings can be associated into categories;U mappings can be associated into categories;

M-U mappings (previous 
experience) in an individual’s buffer

Newly acquired lexical rules Newly acquired categories

C
(1) “hop<fox>” /d h/

(2) “run<fox>” /d m/
(a) “fox” /d/         (0.5)

(b) “ # ” / / (0 5)

List of lexical rules
C

ategory 1 ( List of syntactic rules

(a) “fox” /d/     (0.5) [0.5]
(c) “wolf” /a c/ (0.5) [0.5]

(3) “run<wolf>” /a c m/

(4) “chase<wolf, deer>” /a c f b/

(b) “run<#>” /m/  (0.5)

(c) “wolf” /a c/     (0.5)

(S)

List of syntactic rules
Cat1 << rule (b)  (0.5)

List of lexical rules

C
ate

(b) “run<#>” /m/ (0 5) [0 5](d) “chase<# #>” /b/ (0 5)

Cat1 << Cat2  (SV) (0.5)

egory 2 (V
) List of syntactic rules

(b) run<#>  /m/ (0.5) [0.5]
(d) “chase<#, #>” /b/ (0.5) [0.5]

Cat1 << rule (c) (0 5)

(5) “chase<fox, sheep>” /d b e/
(d) chase<#,#>  /b/ (0.5)

Cat1 << Cat2 (SV) (0 5)Numbers within () are rule strengths; numbers within [] are association weights;
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5) Define the acquisition mechanisms (cont.)

Category merge:
Two categories having the same syntactic roles share some lexical member(s);
The linguistic instances in the buffer indicate that some of lexical members in these twoThe linguistic instances in the buffer indicate that some of lexical members in these two 
categories are similarly used (with the same local order) with respect to another lexical rule;
The merged category comprises all lexical and syntactic members of the original categories;

M-U mappings in the buffer Acquired lexical rule
(1) “fight<fox, wolf>” /d a c b/

(2) “fight<deer, gazelle>” /k b n/
“fight<# , #>” /b/ (0.5)

What we simulated here are mechanisms reported in empirial studies (e.g., the “Verb-Island” hypothesis, 
Tomasello 2003)!

Numbers within () are rule strengths; numbers within [] are 
association weights;
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3) Define the acquisition mechanism and the communication scenario

Nonlinguistic information (environmental cues) may assist primitive language communications. 
Cues are unreliable, which may or may not contain the speaker’s intended meaning (the probability 
with which the speaker’s intended meaning is contained in one of the cues available to the listener 

Speaker’s Production

g
is controlled by Reliability of Cue);

“Indirect meaning transference”
Selecting an integrated meaning

Environmental 
cues

Rule competition in production part(C
o

Independent linguistic 
knowledge; 

No telepathic connection 
between individuals’ minds:Building Utterance based on the winning rules

cues

Listener’s Comprehension

onfidence)

between individuals’ minds: 
no direct check between 
the speaker’s intended 
meaning and the listener’s 
comprehended one;

Obtaining utterance and cues

Rule competition in comprehension part

Confidence feedback 
based on the combined 
strength of the listener’s 
winning rules;

Adjusting Speaker’s and Listener’s activated linguistic knowledge

Both linguistic and 
nonlinguistic information 
take part in comprehension.

If the feedback is positive acquisition of linguistic knowledge in listener
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4) Define the indices to evaluate the simulation results

For compositionality:

Rule expressivity (RE):
meaningsintegratedNoagentsNo

expresscan  iagent  that meanings integrated No.

×
=
∑

iRE

Understanding rate (UR):

meaningsintegratedNo.agents No. ×

meanings integrated No.ji, of pairs No.

j and i agentsbetween  meanings integrated ableunderstand No.
,

×
=
∑

jiUR

For regularity:
Global word orders’ understandability (URGlobal(i), SVO, SOV, OSV, VSO, VOS, OVS):

k and j agentsbetween  iorder  Global using ableunderstand meanings Type2 No.∑

Local order’s understandability (URLocal(i), SV, VS, VO, OV, SO, OS):

meanings integrated No.k j, of pairs No.
,

)( ×
=
∑

kj
iGloOrderUR

meanings integrated No.k j, of pairs No.

k and j agentsbetween  iorder  Local using ableunderstand meanings Type2 No.
,

)( ×
=
∑

kj
iLocOrderUR

Simulation setupSimulation setup
No. agents = 10, No. communications = 6000 (600 rounds). No. utterance exchange = 20. 
Semantic space: 4 “Ag”, 4 “Pr1”, 4 “Pr2”, 4 “Pat” (=“Ag”); 16 “Pr1<Ag>” and 48 “Pr2<Ag, Pat>”; 
Initial holistic signaling system: limited holistic rules (8) are shared;
Reliability of cue = 0 6; Buffer size = 40;
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5) Analyze the simulation results and verify the working hypotheses
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Emergence of compositionality:
RE Holistic signals compositional expressions;
UR The emergence of a common compositional language (the S-shape sharp transition).

Emergence of regularity: some global word orders become prevalent;
Prevalent order: the global / local orders that are frequently used in comprehensions;
e.g., SV for “Pr1<Ag>” meanings; SVO for “Pr2<Ag, Pat>” meanings;g 1 g g 2 g g

Coevolution of compositionality and regularity: the emergence of common lexical items and 
that of prevalent global orders are almost synchronized; they coevolve during the transition 
from a holistic signaling system to a compositional language.
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5) Analyze the simulation results and verify the working hypotheses (cont.)
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The “bottom-up” syntactic development: the prevalent global word order reflects the 
local sequential information specified by the prevalent local orders;
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5) Analyze the simulation results and verify the working hypotheses (cont.)
Language origin is a process of coevolution of compositionality and regularity.

The close connections among linguistic components during language evolution.
The syntactic development follows a “bottom-up” approach.

√
√

Reconsideration of the innateness of syntax as in Innatism: whether syntax is determined 
once for all, or it can be gradually developed following a constructivisit manner.

Some domain-general abilities, such as pattern extraction and sequential learning, 
can be precursors for the linguistic abilities to handle compositionality and regularity.

√

√
The close connections between linguistic and other cognitive abilities;
Reconsideration of the domain-specificity of linguistic competences; 

Extensions of the current model on other topics in evolutionary linguistics:
The ord order bias (Gong et al 2009 in press)The word order bias (Gong et al. 2009 in press);
The role of cultural transmission (Gong et al. 2007) and social factors on language evolution 
(Gong et al. 2008);

Other behavioral models: Iterated Learning Model (ILM) (Kirby 1998), Fluid 
Construction Grammar (Steels 2004), language games (Vogt 2005);

Gong, T., Minett, J. W., & Wang, W. S-Y. (2009 in press). A simulation study on word order bias. Interaction Studies.
Gong, T., Minett, J. W., & Wang, W. S-Y. (2007). A simulative study of the roles of cultural transmission in language evolution. Proceedings of IEEE 
Congress on Evolutionary Computation 2007 , Singapore, pp. 843–850.
Gong T Minett J W & Wang W S Y (2008) Exploring social structure effect on language evolution based on a computational model ConnectionGong, T., Minett, J. W., & Wang, W. S-Y. (2008). Exploring social structure effect on language evolution based on a computational model. Connection 
Science, 20(2-3): 135-153. 
Kirby, S. 1998. Language evolution without natural selection: From vocabulary to syntax in a population of learners. Technical Report, Language 
Evolution and Computation Research Unit, University of Edinburgh. 
Steels, L. 2004. Constructivist development of grounded construction grammar. In: D. Scott, W. Daelemans, and M. Walker, eds., Proceedings of 45th 
annual meeting of the association for computational linguistics (ACL), 9–16. 
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The advantage of computational simulationg p

Complementary to empirical studies or theoretical analyses on language evolution.
Test the internal coherence of linguistic theoriesg
Provide quantitative/qualitative analyses to evaluate verbally expressed linguistic theories
Generalize the available theories that are built upon incomplete data or trigger new ones 

Clearl st d ing the nat re of lang age as a Comple Adapti e S stem (CAS SteelsClearly studying the nature of language as a Complex Adaptive System (CAS, Steels 
2000; Wang 2006):

Language is a CAS: involve various components and interactions among them, and some 
hierarchical structures;
Through manipulating parameters and repeating in similar conditions, computational 
simulation can systematically examine the collective effects of various components on 
language evolution.

Reliability of computational simulation:
Adopt plausible assumptions verified by empirical findings in linguistics as well as other 
disciplines.
Use objective mechanisms, and follow traceable procedures to obtain replicable results.Use objective mechanisms, and follow traceable procedures to obtain replicable results. 

Steels, L. 2000. Language as a Complex Adaptive System, Proceedings of the 6th International Conference on Parallel Problem Solving from 
Nature: 17–26. 
Wang W S-Y 2006 语言是一个复杂适应系统 (Language is a CAS) Journal of Tsinghua University (Philosophy and Social Sciences) 21(6): 5-13
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The multi-disciplinary nature of linguistic researchp y g
The shortcomings of computational simulation: Simplification and specification;
The difficulties of computational simulation

Complexity and variety of linguistic features and behaviors;

Provide language data; Verify the available theories and empirical 

Complexity and variety of linguistic features and behaviors;
Insufficient language data to reconstruct prehistory;
Inefficient techniques on artificial intelligence and complex systems;

Linguistic research

g g ;
Inspire and verify linguistic theories;
Present empirical bases for simulated behaviors 
and test simulation results;

y p
findings;
Inspire further empirical studies and new 
theories;

g

Empirical study in 
historical and comparative

linguistics

Simulation study in 
computational linguistics

Linguistics
Psychology

ZoologyZoology

Neuroscience

Anthropology

Computer science
Statistical physics
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Contribution of other subjects to computational simulationj p

The neural bases of language-related abilities:
The pattern extraction ability for compositionality;

Wi i C d S ti G (M hi t l 2001) bi l t li ti ti ti iWisconsin Card Sorting Game (Monchi et al. 2001): bi-lateralization activation in 
prefrontal cortex, basal ganglia, and thalamus for form and shift cognitive criteria.

references

target

Wisconsin Card Sorting Game

g

Sequential learning;

The mid-dorsolateral prefrontal cortex (BA 9/46) increased activity at the point when 
the current information must be related to earlier events stored in working memory.

g

Sequential learning;
Parkinson’s disease (PD), which damages the basal ganglia and mostly sparing cortex.
PD patients have difficulty in producing and comprehending sentences that have complex 
syntax (Grossman et al. 1993);

Monchi et al. 2001. Wisconsin card sorting revisited. The Journal of Neuroscience, 21(19): 7733-7741.
Grossman, M. et al. 1993. Cognitive and physiological substrates of impaired sentence processing in Parkinson’s disease. Journal 
of Cognitive Neuroscience, 5:480–98. 19/20
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The multi-disciplinary nature of linguistic research
Multi-disciplinary study is not “盲人摸象(blind people feeling an elephant)”

Language Language and its evolutiong g g g

Different disciplines, 
e.g., neuroscience, 

psychology, simulation, p y gy
mathematics, etc.

isolative collective

Different disciplines should contribute collectively to our understanding of human 
nature and language!
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nature and language!
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ありがとうございます!

21/20


