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Introduction

Language is one of the most studied and debated issues in human cognition. It isaso the
human ability that is probably named the most when asked, "what separates humans from
the other animals?' If thisis one of the key ways that humans differ from every other
species on the planet, what makes us special? Was there some point in our evolutionary
past that we needed language to survive, or was language an added bonus that resulted
from some other evolutionarily selected trait? | suspect that the answer lies somewhere
between these two extremes. The answer to this question, however, has direct bearing on
one of the central debates raging within linguistics. The debate has been generally
described as,

"two competing ideologies, corresponding broadly to the two major
intellectual trends of our day: structuralism, with its belief in and attention
to apriori structures of consciousness and behavior, and hermeneutics,
with its equally firm conviction that temporality and context are
continually reshaping the elusive present." (Hopper 1988)

Put simply with reference to language structure, one side argues that grammar is hard
coded into the human brain at birth while the other side argues that the structure of
language that we call grammar is an emergent result of communication not the source of
communication.

An argument will be made for the emergent grammar perspective. Thefirst part
of this argument involves the possibility that evolution did not directly select for language
abilities. Instead, our ability to produce complex utterances was a desired byproduct of
the necessity to perform difficult movements of our bodies in order to hunt effectively
(Calvin 1996). Thisis, of course, not a conclusive argument for anon a priori grammar.
It does, however, suggest that what we think of as language is built on much more basic
abilities. Evenif this story of human evolution is true, the question remains as to how
language and, more specificaly, the structure of grammar could emerge from such basic
properties of cognition.

It is often said that the justification of amodel isin the implementation of the
model. The second part of the argument presented here will lay out the foundations for a
connectionist implementation of emergence. Once again, this explanation of emergent
grammar is not meant to be conclusive evidence of itsredlity; it is meant to be abasis
upon which this formulation of the theory can be empirically tested. In addition, it is put
forth as a challenge to proponents of a priori grammar to formulate similar explanations
of how their model can be realized within the connectionist hardware of the human brain.



Evolution of Intelligence

Intelligence is acurious entity. Whilelifeisincredibly abundant, human level
intelligence, meaning sophisticated tool use, advanced planning, complex language, etc.,
is quite scarce. Thousands of species of animals, plants, insects, and bacteria manage to
thrive, in most cases in far greater numbers than humans, all over the planet and in amost
any kind of environment. The American cockroach, for instance, can even survive inside
of anuclear reactor. Now that is a creature that has been evolutionarily selected for
survival. Human level intelligenceis far from being even aremote necessity for species
existence. Either thereislittle use for intelligence evolutionarily, or its development is
very difficult. Whichever the case may be, it makes humans a bit of afreak occurrence.
There must have been some environmental condition that made intelligence or some key
piece of it advantageous to survival.
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Figure 1: Rapid climate changes may have promoted behavioral versatility in the
ancestors of modern humans. (Calvin 1998)

One explanation for the incredible fact of our existence may be found by studying
the climate changes of earth during the periods that our early ancestors lived. Geologists
can measure the average temperature of the earth for a given year by taking core samples
of glaciers and then measuring the amount of oxygen 18 in the ice at different depths.

The results of these measurements are displayed in Figure 1. The graph shows that the
earth’ s temperature during the years leading up to the appearance of humans fluctuated
drastically. At one point the average temperature increased 13°s Fahrenheit (7°s Celsius)
in amatter of just fifty years. During such periods, large amounts of vegetation would die
out leaving scarce resources available. If the change had been gradual, then plant species



suited for the colder climates would simply have spread down the mountains and animals
would have migrated or adapted to the new food supply. In the case of such drastic
change, however, such adaptations would have been too slow to have been effective
(Cavin 1996).

This situation would have been especially tough for those species that had a
limited range of foods that they could eat. However, asit iswith most of the larger
primates, our ancestors were probably omnivores. This gave them awider variety of
foods from which to choose. The changing climate meant that hunting became of even
greater importance. What previously would have been the occasional meal of rabbit or
even smaller primate, became a necessary staple for existence. The smaller animals,
however, were much harder to catch and provided only asmall amount of meat for so
great an effort. The obvious solution was to bring down one of the larger animals such as
the bison or mammoth. Initially, this may have required the ability to throw objects such
asrocks or even sharpened sticks with great precision. Such atask requires atremendous
amount of precise muscle contractions that must be planned out in advance of the action
(Calvin 1998). Once the action begins, it occurs so quickly that thereislittle or no time
to adjust one's motion mid-stream. In addition to thislevel of precise muscle control, this
hunting technique would yield alot of food for each kill. Since the meat would spoil
before any one person or family could consumeit, it would become advantageous to give
most of the kill away in the hopes that others would reciprocate in the future. This
situation would promote group habitation and cooperation in hunting and in defending the
group. Group hunting also implies advanced planning at alevel higher than is necessary
for the complex muscle contortions required for the kill itself.

These two attributes, complex muscle control and advanced planning, can form
the basis for alarge amount of human intelligence including our ability to form words and
to plan our utterances. Once language developed it may have, itself, become an
advantage to survival. It isunclear, however, what advantage higher language functions
would been for such a primitive culture. Would the tribe story teller get more mates, or
would good communication skills mean a higher status in the community and therefore
result in more mating opportunities? The most likely scenario, abeit contrived, might be
that the most respected and successful hunter got the most mates. This may have
involved creating consistently successful hunting plans and communicating them well to
the hunting party. Evenif thislast stretching of the possibilities were true, it would
relegate communication to alower rung on the evolutionary totem pole.

Good language skills would be a minor factor in the process of natural selection.
This point isadirect contradiction to the evolutionary importance that language and
grammar would requirein an apriori formulation to be as innate and hard coded as the
model suggests. The human behaviors that we know of that seem to be innate include
face recognition, pattern recognition, feeding at mother’s nipple, object recognition, etc.
All of these behaviors are very old evolutionarily. Some of which may even reside well
within the reptilian portion of our brains (MacLean 1970). What this suggestsis that for
grammar to be so ingrained within us, our reptilian or early mammalian ancestors would
have to have been engaging in some rudimentary form of advanced language and that it
was important to their survival. Through years of training from birth, we have found that
some species of the great apes can use rudimentary language (Savage-Rumbaugh,



Shanker, & Taylor 1998). If the apriori model were true, however, these close

evolutionary cousins of ours should be able to communicate with us without much
difficulty and almost at our own level. Aside from some well know science fiction
movies, we have not seen any evidence that such an occurrenceis likely to happen.

Language Emergence in the Human Brain

We can quibble for decades over which model, if either, isright or wrong and never know
the truth for certain. It seems obvious that there is some mechanism in the human brain
that enables us to learn abstract concepts in away that allows us to manifest language.
The difference of opinions for these two sides boils down to whether the structures for
grammar are stored as static entitiesin a child’ s brain at birth or the structures for
learning grammar are stored in achild’s brain at birth. The problem is that we cannot test
achild’ s grammatical ability until they have learned at least some grammar. The a priori
side of this debate would say that the child has then adjusted some parameters specific to
the language of the place where they live and have begun to learn alexicon. The
emergent side would say that the child has been exposed to the language enough that
some of the lexicon of alanguage has been learned along with the common usages,
meaning semantics as well as grammar, of the individual words in the lexicon.
Unfortunately, it is very likely impossible at this point to differentiate these two
explanations at the cognitive level necessary.

Instead of trying to separate these two perspectives, | would like to propose an
explanation of how language and grammar could be implemented as an emergent
property within a connectionist system. It is my hope that psychological experiments
could be designed around the implications of this model to determine its validity or
shortfalls.

Learning to Recognize

For the purposes of this description we will begin by thinking of an agent®brain before
any learning has taken place as not quite ablank slate. Such abrain would be an
organized mass of neurons connected to other neurons by links that have weights. Which
neurons connect to which other neurons and, perhaps, even some of the weights between
them would have been set, in general, by the agent© DNA. Each neuron has an electrical
potential which is adjusted either up or down when potential is gained or lost from alink
to some other neuron. A neuron®"activation,” here, is the frequency of itsfirings, not the
amount of potential that a neuron possesses. Thisis an important point when
considering, for example, the habituation of the firing of either a single neuron or a group
of neurons. Each time potential istransferred through alink, that link®weight is
increased. This meansthat a slower frequency rate of an input neuron can still produce a
high frequency rate in the habituated target neuron. The term "activation” will be used in
the following explanation to denote a neuron or neuronal group having a high firing

frequency.



We will also assume that thereis little or no representations encoded innately.
Obvioudly, thisis not the actual state of a human®brain at birth; newborn babies, for
instance, pay more attention of human faces than other visual stimuli. As previously
stated, the behaviors that are innate are old mechanisms evolutionarily and are not
generally necessary for the explanation that follows. For this basic explanation, the only
innate properties that an agent must have is the ability to associate objects that occur in
close conjunction either temporally or spatialy. Some evidence has shown that the
hippocampus may serve some of this purpose, at least in a spatial sense (Pigott & Milner
1993, Barnes 1998).

Figure 2: Overlapping feature perception (a) after a single perception of an object, (b)
after two perceptions of an object, and (c) after three perceptions. The overlapping areas
represent the features that most exemplify that object at that point in time.

In this nearly blank slate of amind, the only activity that must occur for the agent
to be able to recognize an object is the repeated perception of that object. Perception here
means the active processing of sensory input containing at least some defining features of
the object. Let usimagine an agent that is perceiving an object, say aball, for the first
time. When the agent perceives its environment at any given moment, a pattern of
neurons fire based on the content of that input. The features of the object, our ball, cause
a specific set of neuronsto fire. These same neurons may have fired previously, but the
fact that they fired in conjunction causes a strengthening or creation of links between
these neurons. The next time that aball is perceived, a set of neurons will fire
representing the features of this particular ball. While some of the features may be
different, the color, for instance, the salient features which define aball will once again
firein close conjunction. These repeated perceptions of an object causes the set of



neurons that represent these defining features to be strongly associated while non-
defining features are loosely associated (see Figure 2). Other information about the non-
defining featuresis gleaned, asit were, for free. The agent may, for instance, begin to
associate the color orange with a bumpy texture if the agent repeatedly perceives a
basketball. The association between these non-defining features will cause the agent to
expect the features to co-occur.

Priming Effect

The priming effect is usually described in psychology as the biasing of a person®
perception of the meaning of aword based on previously comprehended items. For
instance, the word "bank” in the sentence "I went to the bank™ is perceived differently
when preceded by the word "money" as opposed to the word "river." This effect occurs
with objects as well as with words. The activation of an object within the brain of an
agent is the activation of the object®features. Therefore, if an object shares some
features of the previously activated object then the brain is biased towards activating this
new object in the future. For our "bank" example, when the agent comprehends "money,"
all of the features of money are activated. Thisincludes the defining features as well as
any non-defining but correlated features as described in the previous section. One of
those features would be something akin to "monetary.” Thiswould be a shared feature
with the sense of the word "bank™ that means afinancial institution. This feature of the
concept of bank now has been given some level of pre-activation and, therefore, will tend
to get activated quicker than other senses of the word. For thisreason, "l went to the
bank" following the word "money" would be comprehended as, "I went to the financial
institution.”

As previously stated, the priming effect occurs with objects in general, not just
words. Any sensory input which is consistent and whose features become highly
correlated can be considered an object. For example, the taste of apple pie or the smell of
your junior high locker room. These other objects can cause priming in the same way as
written or spoken words. A classic example would be Paviov@dogs. In Pavlov®case we
also see resulting behavior, but the underlying priming is the same. In addition, the sound
of aword being spoken is just as much an object as the visual representation of the word.
Just as the smell of the pie is afeature of the concept object of apple pie, the written and
spoken versions of "apple pie" are aso features of the concept.

Recognizing Sentences

A sentence is no less an object than aword or arubber ball. It has features which, over
time, can be extrapolated from examples. The recognition of a sentence is the same as
recognizing any particular object. Aswith any object, the features of a sentence can
cause priming of other features.

Two things must be explained if you are to believe my equating of a sentence to
an object. First, | should demonstrate how novel sentences are understood. The meaning



of any object isthe firing of the neurons representing the object®features. It should be
noted, at this point, that the features of an object include the relationships that the features
have to each other. Put another way, the relationships of an objects features are,
themselves, features of the object. For this reason, the process of understanding anovel
sentence is the same as the process for understanding a novel object. An agent might
come across, for example, an earth ball. For those of you not familiar with what an earth
ball is, this example will be particularly appropriate. An earth bal isalarge, inflated
rubber ball that stands about eight feet high and has a map of the earth on its surface, very
much like an eight foot tall globe. When an agent perceives an object such as our earth
ball for thefirst time, it can immediately be recognized as aball since all of the defining
features of aball are present. In addition, however, the agent also activates features that
are quite novel for the concept of ball, namely the exceptionally large size and the map of
the earth on its surface. The ball object has some relationship features that are always
activated whenever aball is perceived that ook for co-features of the ball that have
certain properties (features of the features). In this case, the relationship of "surface”" and
"size" areimportant. The features of the earth ball that match to these relationships are
quite novel. However, the features or properties of these novel features of the earth ball
provide information as to what this object means that is different from other balls. The
agent probably can®pick the ball up, although on closer inspection it is discovered that
the ball islighter than its size would suggest. Also, the agent could use the surface of the
ball in the same way that one would use aglobe. All of this happensin asplit second in
humans, and the meaning of anovel object has been understood. Little or no higher level
cognitive functions are necessary to acquire this quick initial understanding. If the agent
isfamiliar with all of the features of the new object then the object as a whole should be
comprehendible.

How does this apply to sentence recognition? It directly applies. The only
difference between the recognition of anovel object and anovel sentenceis that when
reading (or listening to) a sentence, humans, with the possible exception of some
advanced readers, do not perceive the entire object at one time. Instead, we perceive the
words in order. A sentence object has specific salient features which allow it to be
recognized. It isthese salient features that we have labeled grammar.

The overall concept of a"sentence” is abroad category which shares afew
defining features with all of the subcategories of sentences which have more specific
features. These more specific features would include word orders and/or other
grammatical structures. Through the object priming effect we can see how partially
perceived features (words with their usual grammatical features) of a sentence can bias an
agent towards a particular subcategory of sentence. A particular feature that we label as
grammatical, such as word order, serve to prime the brain of the agent towards the
activation of objects that share features with the grammatical item. For example, aword
that istypically used as a noun will have that as afeature. The grammatical feature of the
sentence will also havethis, if not as adirect feature, then as afeature of arelationship.
The word will tend to prime for sentence types whose structure matches its current
context and the sentence structure will tend to prime for words that fit its relationships or
other features.



Emergent Grammar

What we call grammar is an emergent property of the system just described. For amore
detailed description of the emergent grammar principle, see Hopper (1998, 1988). Here,
emergent is used to mean a concept whose nature is not innate to the system and, yet, is
learned and used by the system appropriately. It should be easy to see how the meaning
and features of any object can be described as emergent within the above model; they are
not innate to the system but are acquired through repetition. The features of alanguage
that we have labeled as grammatical emerge from the fact that communication occursin
this structured way. The repetitive perception of such structures causes the agent®brain
to correlate these features and to habituate them. Grammar, in thisformulation, is
gleaned from these repetitive perceptions of the structure of communication, it is not the
source of that structure. In this model there isno need for a built in grammar; language
recognition is a subset of object recognition built upon the same basic foundations of
intelligence. We can recognize the difference in the meaning of a beach ball as opposed
to a basketball, but we would never say that we have an innate knowledge of the features
of aball (or any other object) and their relationships.

Conclusion

It has been shown how basic properties of intelligence could combine to produce complex
behaviors and abilities both on an evolutionary scale and in a connectionist model of the
mind. An argument has been given that the apriori paradigm of grammar utilization is
not evolutionarily feasible and that such agrammar is not necessary for language
acquisition or understanding. Finally, it has been demonstrated how a connectionist
system such as the human brain could manifest what we think of as grammar as an
emergent property. By adding just afew basic higher level cognitive abilities, the model
described above can be extended to explain the construction of narratives, the use of
mental spaces (Fauconnier 1998), complex concept integration (Fauconnier 1998, Kintsch
1998), and the use and understanding of metaphors. In fact, it could be argued that the
model already accomplishes the basics of concept integration and the understanding of
metaphors.

| would be interested in seeing a detailed explanation of how an a priori grammar
could be recognized within a connectionist system such as the human brain. Itis
insufficient to merely say that the grammatical information is stored distributively in the
weighting of the links between neurons. In addition, there must be a description of how
the system handles disambiguation of word senses, learns of a particular language, and
explains psychological data such as the priming effect.
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