Biology of Language

Argument for mental grammar: the expressive variety of language implies that a language user’s brain contains a set of unconscious grammatical principles

Argument for innate knowledge: the way children learn to talk implies that the human brain contains a genetically determined specialization for language
Universal Grammar: set of grammatical principles that are compatible with all human language

Modularity of Mind: no general purpose rules for all types of stimulus

Properties of Modularity

1. enscapsulation: impossible to interfere with its inner workings

2. unconsciousness: difficult or impossible to reflect about its operation

3. speed: very fast

4. shallow outputs: behavior doesn’t contain information about its operation

5. obligatory firing: applies reflexively, cannot be prevented

6. localization: mediated by dedicated neural circuits

7. ontogenetic universals: develops in a characteristic sequence

8. domain-specificity: handles a single type of information

9. pathological universals: breaks down in a characteristic manner

Communication: transferring information from one brain to another

Language: means of converting thought into sound or signs and vice versa

Phonological Structure: concerned with patterns and distributions of sound

Syntactic Structure: concerned with patterns and distributions of words

Mental Representation: abstract form of any actual sound, below level of perception

Phoneme: sound that produces a minimal meaning contrast

Minimal pairs: two words that differ in meaning by contrasting one sound

Developmental stages in children

One word – 18 months

Two word – 24 months

Telegraphic – 30 months

Adult-like – 30-36 months

Critical Period Hypothesis: there must be exposure to a behavior by a certain age for it to develop properly; only for biologically determined behaviors (i.e. those that are innate)

Brain

Occipital lobe: visual processing

Temporal lobe: auditory processing; (emotional) memory

Parietal lobe: proprioception (knowing where body is within space); moving information between the lobes

Frontal lobe: goal-oriented planning, attention, inhibition, motor skills, judgment

Convolutions: wrinkles in brain

Gyrus: top

Sulcus: bottom

Cortex: outer layer of brain (1 – 1.5 mm thick), contains neurons for computation

Brain is 10% neurons and 90% glial cells

Dendrites: transmits to the cell body (4,000)

Axons: transmits away from cell body (only 1)

Synapse: gap between axon and dendrite, where neurotransmitters are located

Lateralization: hemispheric localization of cognitive functions (language is in left)

Aphasia: language loss

Broca’s area: left inferior frontal lobe, involved in speech production

Broca’s aphasia: non-fluent language, awkward articulation, short sentences, comprehension is intact 

Wernicke’s area: left superior temporal lobe, involved in speech comprehension

Wernicke’s aphasia: fluent speech, poor comprehension, non-sense words, run-on speech

Broca’s and Wernicke’s areas are connected by arcuate fasciculus

Conduction aphasia: fluent speech, comprehension intact, cannot repeat words

Supramarginal gyrus: meaning access/storage; anomia (word-finding difficulty)

Angular gyrus: junction of 3 lobes; moving information

Transcortical Motor Aphasia: lack of desire to initiate speech

Sub-Cortical Areas: collections of neurons outside of the cortex; automatic functions


Basal Ganglia: sequencing repetitive movements


Putamen: automatic skills; knowledge of skills

Types of knowledge


Declarative: facts (cortically)


Procedural: skills (sub-cortically)


Personal (sub-cortically, hypocampus)

Animal Communication
Communication (transferring information) in animals: vocalization, body language, pheromones, electricity, color, bio-luminescence

Human language is unique because 1) arbitrariness and 2) grammar

Iconic signs: bears a direct resemblance to the object; limited (no abstract or actions)

Symbolic signs: arbitrary relation to the object (e.g. sound symbolism: gl…)

Symptomatic signs: spontaneous conveying of emotion; stimulus-bound

Theory of Mind: ability to perceive world from someone else’s perspective; intentional communication; crucial for lying
Vervet monkey

Arbitrary signs

Mental representations

Stimulus bound

Three calls (depending on predator):


Eagle: hide under bush


Leopard: go up a tree


Snake: stand up

Will produce behavior without seeing object

Modulating calls for an audience

Rhesus monkey

High-quality food: warble, harmonic arch, chirp

Low-quality food: coo, grunt

Habituated with warble, then hear harmonic arch: no response

Habituated with warble, then hear grunts: response

Habituated with grunts, then hear warble: response (longer looking time)

Symptomatic signs are highly predictable

Deception vs. lying


Automatic, highly predictable, and context-dependable (stimulus-bound)

Ape Language Research


Clever Hans Effect: indirect cues from trainer

Sarah: chimp, lexigram board, over 100 words/arbitrary signs, stimulus-bound learning

Nim Chimpsky: sign language, 125 signs/requests, combine signs but no different meanings

Koko: gorilla, 250 signs after 54 months; swan = water bird, ring = finger bracelet

Kanzi: bonobo monkey, indirect training with lexigrams, limited production, good comprehension
Evolution
Only scientific theory of origins of life (Darwin, 1859 – Origins of Species)
Lamark (1744-1829): first to demonstrate fossils are extinct lifeforms; first to propose a testable theory of evolution (but it was wrong)

Lamarkian view

1) an organism strives to meet the demands of the environment

2) it acquires adaptations that are passed on to its offspring

Example: giraffe neck lengthened to reach leaves at the top of the tree; passed on to offspring; over generations, neck lengthened

Darwin influenced by geology and Sir Charles Lyell

Uniformitarianism: principles for the study of the natural world

1) laws of physics and chemistry remain constant throughout history of earth

2) all geological events occur by natural processes still observed today

*Gradual change!

Darwin applied uniformitarianism to biology

Observations:
1) all populations produce large numbers of offspring

2) populations remain constant

3) natural resources are limited

Inference 1: surviving populations represent a small percentage of individuals that are reproduced

4) all organisms show variation

5) offspring inherit traits of the parents

Inference 2: some inherited traits give possessor advantage in their environment

Inference 3: these particular traits add up over time and result in long-term improvement

Natural Selection
1) mutation: production of variation in offspring (random)

2) selection: survival of differential traits (not random)

Darwin (using Lamark’s example)
1) mutation: all giraffes are born with necks of varying lengths
2) selection: due to competition for resources, only giraffes with a certain neck length will survive and this trait is passed on

Natural selection: to suit environment

Sexual selection: to find a mate

Evolution is a gradual change, involving mutation and natural selection

Niche: way of life

Adaptation: organism is shaped for a particular way of life in a particular environment

Selection: shaping that leads to adaptations
Types of adaptations:

1) morphological (structural): sharper claws, tougher bark

2) behavioral (stereotypical behavior): automatic responses to stimuli

3) biochemical (enzymes + hormones): respond to changing conditions

Teleogical Evolution: animals know which traits are beneficial (wrong!)

Mutation: micro-evolution; changes within the species

Speciation: division in different species

Macro-evolution: larger changes in the variety of organisms (fossil record)

Problem Incipient Stages: What advantage is there before the trait is fully functional?

What good is 10% of a wing?  Better than 9%, very good something else.

Incipient insect wings – thermoregulators

Exaptation: characteristics of acquired for one function and later useful for another function

Species: morphologically similar and ability to breed

Allopatric speciation: population becomes separated by geography and can no longer interbreed

1) vicariant speciation: separated by climatic/geological change

2) founder event: individuals disperse to a place where no other members are present

Homology: different structures and functions that share a common origin (whale flipper and human hand)

Analogy: same function but different origins (insect wings and bird wings)

Convergent evolution: species of different origin have similar structures because they exist in similar niches (fish tails and dolphin tails)

Punctuated equilibrium: evolutionary change is concentrated in relatively brief events of branching followed by long intervals of stasis

Gradualism: mutation and selection are always generating improved traits

Human Evolution
Hominids

Ape/chimp hominid split: 5-8 million years ago

Orangutan hominid split: 10 (+/- 3) million years ago

Gibbon hominid split: 12 (+/-3) million years ago

No hominid fossils older than 6 million years ago

Earliest clear hominid fossils 3.7 million years ago

Earliest fossils: Australopithecus (Lucy), only found in Africa

Australopithecus

5.5 – 1.2 mya

1.1 – 1.5 m tall
444 cm3
Homo habilis (some tools)
2 – 1.5 mya

1.2 – 1.4 m

661 cm3

Homo erectus (fire)

1.5 – 0.5 mya

1.6 – 1.8 m

953 cm3

Neanderthals


300k – 400k ya



Homo sapiens


300k ya

1.3 – 2 m

1345 cm3

Homo sapiens (modern)
200k ya

Chapter 8: archaeology

Is there any material evidence of language use?  What counts as use of language?  Emergence of symbolic communication (symbol vs. syntax)
Four stages to evolution of human language

1) Hominids and apes communicate without language

2) Use of symbolic communication

3) Improvements based on communication with symbols

4) Syntax and full human language

Evidence for syntax (rule-governed behavior)?  Tool-making?

Not systematically made; no rule-governed behavior:

Oldowan tools: 1.7 – 2.5 mya; habilis, erectus, ergaster

Acheulian tools: 90,000 – 1.4 mya; erectus, ergaster

Rule-governed, intended forms:

Mousterian tools: 40,000 – 150,000 ya; neanderthals, h. sapiens

Burial ceremonies emerge with homo sapiens 43,000 ya

Convention criteria: we can infer a code through meaning might be recognized if we find depictive or non-depictive marks in repeated patterns restricted in time and distribution
Brain Evolution
Human brain is 3 times as large as a chimp brain

Absolute brain size increases with body size; relative brain size relative to body size

Allometry: growth at different rates resulting in a change in body proportions; can be expressed with the mathematical formula  y=Bxk (not linear)  log y = log B + k log x (linear)

Encephalization quotient: ratio of the actual mass of brain to the expected mass of an animal of a certain size

Change in encephalization occurred around 500,000 years ago

In most mammals, neocortex is 30-40% of overall cortex; in primates, it is 80%

Paleocortex: subcortical structures in humans (olfactorial cortex, basal ganglia, amydala)

Big brain in humans is related to the long period of postnatal development

Walking upright (bipedalism) reduced gestation period (gestation takes less energy than lactation) and turned pelvis inward, reducing the size of the birth canal

Humans should weigh 500 pounds, be pregnant for 2.5 years, and mature sexually at 44 years

Classes of postnatal development

Precocial: brain size is proportionally developed with respect to body weight (primates, whales, elephants)

Altricial: brain size is disproportionally small with respect to body weight (bear, rodent); brain development occurs more after birth

Humans are more altricial than precocial; at birth, human brain is 25% of adult size while a chimp brain is 45% and a macaque brain is 70%

In one year, a chimp brain is 85%, but human brains are at 85% at age 6

Leaf-eaters vs. Fruit-eaters

Leaves are plentiful, no competition

Fruits are rarer, with more competition, but also more nutritious

Fruit-eaters: color vision, more reliance on memory to find fruit-bearing trees, more involved problem solving

Metabolic rates can be determined by body size

Heart, kidney, liver do correlate well with body size

Brain and digestive organs do not correlate with body size, but with each other

Leaves are hard to digest, require large digestive tract (=smaller brain)

Fruits are easy to digest, require smaller digestive tract (=larger brain)

Diet and cooking dated to roughly 500,000 years ago

Neurons: efficiency of neural computations (4 neurons, 6 connections; 5 neurons, 10 connections)

More neurons = further apart, less efficient

Response to this: localization and convolutions in the brain

Linguistic theory and evolution (Ch. 3)

Universal Grammar: initial state of grammar that is compatible with all language

Language evolved for communication

Historical linguistics can reconstruct languages back 5,000 years

Proto-world: hypothetical first human language

Pre-Adaptations for Language

Exaptation: some unrelated function that is used for language in humans

Pre-phonetic: capacity to perform speech sounds or gestures

Evolution from symptomatic signs to symbolic signs (voluntary control)

Chimp motor control

Mirror neurons: neuron that fires when observing an action or when executing an action (homologous to Broca's area in humans)

Pre-semantic: capacity to form basic concepts (have mental representation); to form propositions (add concepts together); to carry out mental calculations over complex concepts (reasoning/inferences and problem-solving)

Pragmatics: language in a social context

Pre-pragmatic: capacity to infer mental states of others (theory of mind); to act cooperatively; to attend to the same external situations as others

Language as an adaptation (Ch. 2)

Pinker's article is a very conservative, gradualist view

Language must be the product of natural selection (to produce a genetically determined ability to use lang.)

Hard to reconcile with UG because it's domain-specific

How can a self-contained module be the product of incremental change?

Alternatives: macro-mutation, bigger brains, exaptation, genetic drift/hitch-hiking

Alternative to UG: language is related to more general cognitive abilities, based on general principles of how the brain works (mimesis: ability to imitate)

For the linguist: domain-specific rules, linguistics representation (Verb + ed = Verb in past)

Connectionism/Neural networks: very loosely based on how brains perform computation

Nodes = neurons; connections = synapses

All knowledge is represented as strengths in the connection

Neural network learning algorithm

*General learning principles do not explain language very well

"Language is a product of culture" - a linguist sees no role for culture

Pidgin - language invented for communication, simplified English et al. (no auxiliaries, suffixes)

Creole - pidgin that becomes the first language for a generation (has inflections, etc. of natural language)

What did language adapt for?  What was the pressure in the environment that selected for nature?

Fulfilling the cognitive niche:

- use tools to break the evolutionary arms race (cause & effect reasoning to stay permanently ahead of any animal or plant defense mechanisms)

 - reasoning is encoded in information

 - language is used to exchange this information

Problems for adaptation:

 - some features of language do not seem to be selected for

 - principles of UG seem arbitrary, potentially accounted for by macro-mutation

 - language is complex with many sub-systems and interfaces with other cognitive functions

Yet, we can only understand the complexity through natural selection

Exaptations (spandrels of the mind): language was grafted on to structures that had nothing to do with language

Incipient stages for language: trait does not appear functional unless fully developed

Production and comprehension are not in sync; selectional pressure for faster production and comprehension

Some evidence that shows language as an adaptation theory is correct

Game Theory: branch of math; competitors looking for an advantage; model genetic mutation and evolution of traits

Imagine some population of hominids (computer modeling):

Call system is one elementary signal = one referent (completely randomized)

Worst case: every individual has their own different system; low probability that any two individuals will use same signal for referent

Introduce natural selection: increase in communication leads to more offspring

Communicative coherence: different individuals use same call system

Optimal system: one signal = one referent

Typical animals have 10-100 calls

Humans have 100,000 words; if we had 100,000 signals, we would lose perceptual saliency (too hard to distinguish between signals)

Vowels [a] [i] [u] are farthest apart perceptually and most basic vowel system

Increase in error rate = communication starts to fail

To reduce error rate, we can combine sounds for signals

Duality of patterning (property of human language)

Use sounds to make words

Use words to make sentences

"Syntax Threshold"

One signal = one referent

Words composed of sounds = referent

Combing words = referent

Problem of: learnability, low-frequency words

Genetic evidence for language

Natural selection

Genetic drift

Randomness (traits result of selection; not beneficial, not harmful mutation)

For any given gene:

1) gene that has been selected for will vary more between species than within species

2) compare variability with respect to expectations due to chance

FOXP2: so-called "language gene"

Research on Specific Language Impairments (SLI) and KE family (handout)

Impairment: problem with inflectional morphology

Dominant and recessive genes

TT + tt = Tt Tt Tt Tt (0 recessive)

Tt + Tt = TT Tt Tt tt (1/4 recessive)

Tt + tt = TT Tt tt tt (1/2 recessive)

Genetics: FOXP2 located to chromosome 7; can't control facial movements

Transcription factors: PAX6

Gestural Origins of Language Ch. 11 (Corballis)

 - language did not evolve from primate vocalizations, but from primate gestural communication

Facts to be explained: 90% of humans are right-handed; language is in left hem.

Primate vocalizations are limited

 - highly symptomatic, but gestures seem to be much less symptomatic

 - vocalizations used for warning, territory, and mating

vocalizations: when no one is in sight, communicate, maintain long-distance contact

gestures: dyadic (conversation with another), voluntary control, real social interaction

duetting: repeat each other's calls

mirror neurons: excited when manipulating an object or when watching another manipulate an object; probably necessary for imitation, for communication

Chimp/hominid split: 6 million years ago

 - only homo sapiens have language 200,000 years ago

 - but homo erectus: 2.5 mya (still don't know what happened between 6 and 2.5 mya)

Why the late arrival of language?

1) macro-mutation

2) gradually evolving

Vocal communication increasing; gestural communication decreasing

Anatomical changes used to argue for later arrival of language

1) innervation of tongue in humans: greater degree of innervation for our tongue size than other primates (selected for by demands of speech)

2) lowering of larynx

3) muscles of thorax

Evidence for gestural origins of languages

1) gestures accompany speech

2) McGurk Effect; Motor Theory of Speech Perception - same linguistic units are used for speech production and perception (distinctive features)

3) Sign language

Monkey mirror neurons are bilateral and symmetric; humans asymmetric and mostly in left hemisphere; vocalization is in left hemisphere in all vertebrates

Brain lateralization

Human brain is asymmetic

 - Sylvian fissure in left is bigger (longer and deeper)

 - planum temporale in left is bigger (major component of Wernicke's area)

But: evidence of asymmetry in other primates

Planum temporale: earliest stages of processing; integrating communicative information activated by sign language as well

Animal autopsies
Gorilla: planum temporale was statistically larger in left (3 out of 4)

Orangutan: more variability, p.t. larger in left in 3, in right 1, symmetrical 1

Macaque: no obvious Heschl's gyrus or p.t., but area had more neurons

Gibbon: Heschl's gyrus more expressed, some p.t. asymmetry

Orangutan: Heschl's gyrus, p.t. greatly expressed, lateralized

Chimp/gorilla: real left hemisphere lateralization

Rhesus monkey appears to have left hemisphere preference for processing

Vocal communication: right ear preference for conspecific vocalizations (not for other species) because planum temporale in left used for recognizing this

Passive listening in humans

Violation of semantic condition: bilateral activity of mid-superior temporal gyrus

Violation of syntactic condition: activation along greater portion of superior temporal gyrus; Broca's area activation; basal ganglia

What is unique about human language? Ch. 9 (Hauser & Fitch)

Evolution of oral track: oral cavity and pharynx at 90 degree angle in humans (as a result of walking upright); 120 degrees in other primates

Nothing used for speech in head and neck anatomy is unique for speech




For speech



Life-support
Lungs


power source



exchange oxygen

Pharynx

sound resonator


food passage

Tongue

articulator



pushes food back

Nose


nasal airflow



breathing

Differences between primate and human head and neck anatomy

Primates: tongue is completely contained in oral cavity, larynx is closer to base of skull, larynx can connect directly to nasal cavity (allows eating and breathing at same time)

Human oral cavity length equal to pharyngeal cavity; human larynx is relatively low as compared to other primates; lowered due to demands for human speech?

Components of language that have been considered unique, but Hauser refutes:

1) position of larynx

2) ability for categorical perception

3) extract statistical irregularities

4) recursion (Hauser believes this is the only one unique to humans)

- Lower larynx as well as longer, thicker vocal cords mean lower pitch

- Speech was built upon a larynx that was already lowered (exaptation)

- Categorical perception could not have evolved for speech because other animals have it (sounds are perceived in categories, not gradually)

Aspects of perception that are unique for language (phonetic mode) OR Aspects of perception that are attributed to mammalian auditory processing

People identify prototypes well and can distinguish from non-prototypes, while rhesus monkeys cannot; Perceptual anchors (like quantal vowels)
Bickerton: proto-language, then human language
Pidgins & creoles: add later!

Gestural origin of language

1) language emerged from primate oral-facial gestures (not vocalizations)

2) language emerged from producing and analyzing sequence of events

Proto-language (non-symptomatic form of communication)

 - can only string together a handful of words at a time

 - leave out any words

 - can depart from word order

 - no complex sentences

 - little or no inflection

Evidence:

modern pidgins

ape language research

language acquisition in children (but recanted, now: L2 acquisition)

Proto-language: semantic relations between words (linear)

Full language: syntactic relations (phrase structure)

Emergence of Syntax (Universal Grammar)

word order is not equal to grammar

- separate essential properties of language from accidental ones

*need constrained theory of grammar

Components involved in language

1) modality: speech and signs

2) symbols: words

3) structure: grammar

Before any component emerged, there had to be comprehension of intentional communication

Earliest stages involved any type of communication:

- vocalization

- gesture

- pantomime

The pressure for rapid, efficient communication forced changes to the vocal tract (lowering of larynx)

Use of signs had to precede structure!

Symbolic communication

 - use of words is cultural, not biological

primates, parrots & other animals lack modality and motivation for using symbolic comm.

motivation must be related to uniqueness of the early hominid environment

 - foraging & gathering: different subgroups needed to communicate over large areas

Bickerton is against idea of continuism (human language evolved from primate vocalizations)

Arguments:

1) primate calls are semantically equivalent to propositions (words are not)

2) calls cannot predicate (all languages can)

3) calls are indexical; meaningless without a referent (words are not)

calls = whole sentences

Incipient stages of grammar:

1) conditions on the attachment of words to one another

2) cycles of attachment to build phrases

3) principles derived from the order of the phrases

Primate social intelligence - complex social structure (but not unique)
Bickerton believes proto-language was driven by pragmatic intelligence (surviving in a unique foraging and gathering environment)

Social intelligence was pre-adaptation for thematic roles in language

Every verb has an argument structure which defines what nouns must occur with it

Proto-language: no order

Stage 1: linear order

Full language: phrase structure

Speech Production & Errors

1) selecting the phrase structure is independent of the words we use

2) we select word structure independently of the sounds we eventually use

Conceptual preparation: determine concepts to communicate (not language)

Grammatical encoding: select grammatical properties of words that will be used

Morpho-phonological encoding - retrieve phonological (phonemic) form

Phonetic encoding - gestural score (how will pronounce it) = phonetic form

Articulation

Tip of tongue phenomenon: indicates separation of grammatical properties from phonological retrieval

Speech errors:

1) sound exchanges indicate separation of phonological retrieval and gestural score

2) word exchanges indicate separation of grammatical from morpho-phonological encoding

Access only phonological encoding (gestural score), bypass retrieval - produce nonsense words

Broca's area & mid-superior temporal gyrus (semantics & meaning)

Brain tries to make sense of it

Gestural score: what areas are used for actual production - reading out loud vs. silent reading

Left superior anterior temporal gyrus and right supplemental motor area activated

Language & Motor Control (ch. 13) Lieberman

- gradualist (like Pinker)

- anti UG (unlike Pinker)

separates primitive from derived systems (older, shared with primates vs. what is uniquely human)

Signs of evolution of speech are found in head & neck anatomy and in neuroanatomy

Lieberman's main points:

1) neuroanatomical structures that regulate speech are part of a network that confers syntactic and cognitive ability

2) starting point for human language evolution is the neuroanatomy of motor control

3) language evolution was driven by speech production



Lieberman


Bickerton

symbols
primates & humans

primates & humans

syntax 

primates & humans

primates no, humans yes

speech

primates no, humans yes
non-issue

Humans

Motor Theory of Speech Perception: consideration of vocal tract that is producing speech

Normalization: adjust perception of speech to the vocal tract is producing it (normalize with respect to [i], vowel is stable, only one way to produce)

Chimps

Can produce [b], [p], [m], and schwa

Cortical areas (Broca's and Wernicke's)

- too simplistic, many brain areas (cortical and sub) are used to produce and comprehend lang.

- Functional Language System: uses subcortical (putamen), interrupting motor skills, ex: avoiding an object

Basal Ganglia

1) motor activity

2) sequences individual elements that constitute a motor program

3) interrupts ongoing motor program based on external signals

Language is built on subcortical brain structures which are used for motor skills

Aphasia: subcortical damage

Broca's: cortical, region for timing of larynx and articulation (cannot do)

- vowel duration and frequencies are not disturbed

Parkinson's disease: dopamine deletion tremors, loss of motor control (voluntary movement)

1) subcortical lesions produce Broca's aphasia

2) early Parkinson's produces Broca-like symptoms

3) rodent grooming

4) hypoxia (high-altitude sickness) VOT harder to do

Mirror Neurons (Arbib)

place nuerons - fire when in a place relative to a position in an environment
only primates use fingers to grasp and manipulate objects

Monkey grasping:

1) F5 (premotor cortex) - elaborates the motor grasp, determines which grip is used

2) AIP (anterior intraparietal) - receives input from vision areas to extract information about how to grasp it

3) IT (inferior temporal cortex) - recognition and classification of object

4) PFC (prefrontal cortex) - direct connection to F5

5) M1 (motor strip) - executes grip

F5 (homologous to Broca's): subset of neurons called mirror, these fire when monkey executes grasp or when it observes another monkey or trainer executing a grasp

Three functions of mirror neurons in monkeys:

1) self-correction

2) imitation / simple movements

3) social interaction

Human Mirror Neurons in Broca's Area

Experiment with 4 conditions

1) self-paced movement

2) imitation

3) observing

4) control

Language-readiness: pre-adaptations for language; early hominids were language ready but did not have language

Symbolization: associating symbols to objects or actions; not real words
Intentionality: communication is intended, not symptomatic

Temporal order: objects and actions are analyzed as having components

Displacement: ability to recall past events or to imagine possible future ones

Complex imitation: ability to perform complex imitations rather than simple

Properties of Language:

symbolization 2 (compositionality) holophrastic phrases are interpreted as components (words)

syntax/semantics: co-evolved with compositionality

displacement 2: communicating about past and future

Evolution of Language

All primates

1) grasping

2) mirror neurons for grasping

3) simple imitation for grasping

Hominids only

4) complex imitation for grasping

5) proto-signs


- holophrastic vocalizations replaced by manual gestures than can form components


- pantomime communication became more abstract and less pragmatic

6) proto-speech


- vocalizations, language without grammar, manual communication formed scaffolding for vocalized language


- iconic pantomime and arbitrary vocalization - just arbitrary now

7) language - grammar

