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Preface

Our original goal was to write a popular book that would lead the reader
through some fairly technical analyses of linguistic data. Instead of just
reporting on the claims and results of modern linguistics, we wanted to
show the reader how to think like a linguist. In the end, we realized that
a textbook format was more suitable, given the depth and breadth we are
aiming at. We foresee the book serving as an introduction to linguistics for
students planning to continue in the field, as well as for those with interests
in other branches of cognitive science. Throughout the book, linguistic
issues are related to topics in vision, philosophy, ethology, and so on. We
hope that we can inspire our readers to continue the search for unifying
themes among these fields.

All the material in this book has been presented to undergraduate stu-
dents in large classes (often over one hundred students). Much of it has
also been presented to middle school students, prison inmates, and non-
academic audiences. In developing and teaching the materials, we have had
the advantage of being a team of a syntactician and a phonologist, but we
hope that any enthusiastic teacher will be able to understand the material
and help motivated students work through it. We think that the ideas are
important, but, in fact, not very difficult when broken down. Additional
exercises and links to material related to the text can be found on the book’s
companion website.

As an introduction to linguistics the book is very narrow. There are no
chapters on sociolinguistics or historical linguistics, for example. And yet,
we strongly believe that the best results in these fields can be attained by
incorporating the approach to the study of language we develop, basically
the framework of generative grammar developed by Noam Chomsky and
collaborators since the 1950s. In some sense the book is an exegesis of the
Chomskyan program or, rather, our understanding of the program.

In the course of writing we often found each other to be frustratingly
thick-headed about various topics. The resulting heated arguments have
helped us to achieve deeper understanding and greater intellectual humility
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and, we hope, to produce a better book. We expect that even sympathetic
readers will find much to object to in our presentation, but we think that
we have succeeded in laying out a coherent position, sometimes by openly
attacking other positions, that can at least serve as the basis for fruitful
debate. If any of our claims or arguments manage to get students’ “blood
pressure up to an appropriately high level” (to quote Morris Halle) where
they seek to challenge our point of view, we will consider this to be a
successful textbook.
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In the summer of 1991 Charles lay in an Istanbul hotel room burning with
fever, 15 percent lighter than his normal weight. In the other bed lay his
friend Paul, who had just golfed his way to an MBA, also hot with fever,
the inside of his mouth covered with blisters.! Paul had paid for the room on
his credit card, so it was several steps above the dives they had been staying
in. He had gotten the name of a doctor in Istanbul from his mother back in
Kansas and was now on the phone with the hotel receptionist, who, given
the price of the establishment, spoke excellent English. In vain, Paul was
asking her to find the number of Dr. Ozel—“That’s right, it’s o-z-e-1, Ozel.”
It wasn’t happening.

From the depths of his delirium and intestinal distress, Charles finally
found the strength to call out in a hoarse voice, “Tell her to try o with two
dots,” referring to the Turkish letter 6, so Ozel. Much to Paul’s surprise, she
found the number immediately. “Reiss, that’s amazing—how did you know
that?” Paul asked, fully aware that Charles did not speak Turkish, and also

' Charles had recommended that he rinse his mouth in the alkaline waters of Lake
Van, but that hadn’t helped at all.



01-Isac-and-Reiss-c01 OUP201-Isac-and-Reiss  (Typeset by spi, Delhi) 4 of 19 January 15, 2008 20:26

4 WHAT IS I-LANGUAGE?

annoyed with himself for having spoken to him civilly, since they were at
one of the points in the trip when they wanted to strangle each other. “If
you had listened to me on the bus ride from Bucharest to Istanbul, instead
of obsessing about what pork products we would sample on the passage
through Bulgaria, you would know,” Charles replied brightly, suddenly
energized by his ability to gloat.

So, what had Charles tried to explain on that bus ride, in the thirty
seconds before Paul’s eyes glazed over? How did he know? The answer lies in
Charles’s understanding of vowel patterns in Turkish, an example of a most
wonderful linguistic phenomenon called vowel harmony. Understanding of
Turkish vowel harmony happened to have a practical value in this situation,
something neither of us has ever again experienced, but its real beauty
lies in the fact that it reflects some of the deepest workings of the human
mind.

Our goal in this book is to get you to accept this rather grandiose claim
about the vowel patterns in Turkish words. We will introduce many new
ideas, some of which will initially strike you as ridiculous. However, we
will try to convince you with logical arguments, data-based arguments
from both familiar and less familiar languages, and also appeal to general
scientific methodology.

Building on linguistic phenomena, our discussion will touch on some
of the most longstanding and difficult issues in philosophy including the
following:

Big philosophical issues we will address

* The Nature—Nurture debate: How much of what we are is innate and how
much depends on our experience?

* What is knowledge? How is it acquired?

* What is reality?

* Whatever reality is, how can we get access to it?

* Is there a principled distinction between mind and body?

* How can our study of these issues bear on social questions and educa-
tional practice?

Given both the incomplete nature of all scientific inquiry and the limited
space we have, we will not propose complete and final solutions to all
these problems, but we do hope to offer a real intellectual challenge in
a fascinating domain. This should lead you to experience frustration...
confusion...annoyance...and ultimately (we hope)...understanding and
insight and pleasure.
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1.1 Jumping in

Not only the average person but also experts in fields like psychology, engi-
neering, neuroscience, philosophy, and anthropology are willing to make
proclamations, sometimes in the pages of respected scholarly publications,
about language—its evolution, its acquisition by children and adults, its
relationship to thought, and so on. But there is a question that is prior to
all of these issues, namely What is language? We aim in this book to provide
you with a deeper appreciation of the nature of language than that of the
average academic in the fields listed above.

This book is not a catalogue of cool facts about language, nor is it a report
on the exciting findings of modern linguistics over the past fifty years—there
are several excellent books on the market for those purposes. Instead, our
strategy is to get you to think about language the way linguists do. With
this in mind, we’ll jump right in with some data (not Turkish—we’ll come
back to that later), before we even explain the somewhat obscure title of the
book. We won’t even tell you what “I-language” means yet. By the end of
the chapter, we hope you will have an appreciation of the term that is much
deeper than you would have if we just handed you a definition.

Let’s begin with a simple example, the relationship between singular and
plural nouns in Warlpiri, an Australian Aboriginal language.

Warlpiri plurals
SINGULAR PLURAL

kurdu kurdukurdu child/children
kamina kaminakamina  girl/girls

In English, we form the plural of most nouns (but not all—look at children)
by adding a suffix to the singular, as in girl-s. As you can see, it looks
like the plural of a noun in Warlpiri is formed by repeating the singular.
This is a real plural—kurdukurdu does not just mean “two children,” it
means “children” and is used to denote two or a hundred children—any
number greater than one. You can probably guess the plural form of the
word mardukuja “woman”—it is mardukujamardukuja.

Processes of word formation that involve repeating material from a basic
form (all or just part of the basic form) to create a derived form are called
processes of reduplication. Reduplication processes are very common in the
languages of the world with a variety of meanings, but are not productive
in English.
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Even with this simple example, we can learn a lot about the nature of
language:

Some lessons about language based on Warlpiri plurals

a. Some aspects of language are simply memorized—it is necessary to
remember certain arbitrary links between sound and meaning, for exam-
ple, that kurdu means “child” in Warlpiri but child means “child” in
English.

b. Some aspects of language involve rules or patterns. Your ability to
correctly guess the Warlpiri form for “women” shows that the form can
be generated by a rule.

c. If there are rules, they have to apply to some kind of input and produce
some kind of output. The Warlpiri plural formation rule highlights an
important aspect concerning the nature of rules of language—the units
of language, the elements that rules affect, can be quite abstract. We
cannot give a definite answer to the question “What sound corresponds
to the plural in Warlpiri?” because the answer varies depending on
context. We will illustrate this point by discussing the rule in more detail
below.

d. The rules apply to elements that are only definable in linguistic terms—
for example, the Warlpiri plural rule applies to nouns, not verbs, and the
noun-verb distinction is a purely linguistic one.

The first item is fairly obvious, although the arbitrary nature of the sound-
meaning links of human language was only really fully appreciated about
one hundred years ago by the Swiss linguist Ferdinand de Saussure, the
inventor of structuralism. The point is just that one of the requirements for
language is memory. A system, device, organism without memory cannot
generate Warlpiri or English plural forms from singulars, since it has no
way to store the singulars.

The second item will be dealt with again and again in this book. A
Warlpiri speaker has to memorize that kurdu means “child”, but not how to
say “children,” since kurdukurdu is generated by a rule that repeats any noun
in the singular form to make a plural. Of course the rule or pattern itself
must be memorized, but this is an even more abstract kind of information
than that required for memorizing words.

This discussion of reduplication illustrates a property of language central
to our approach: languages are computational systems. This term scares
some people, but all we mean by it is that language can be analyzed in
terms of explicit rules that apply to symbols. Given an input symbol and
a rule that applies to that symbol, we can say what the output form will
be. The symbols and rules are different ones than those that are familiar in
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math, but the goal of a computational approach is to make them as explicit
as the formulas of math or the mathematical formulas used in sciences like
physics or chemistry.

To illustrate the third item, let’s compare Warlpiri to English, although we
will simplify greatly. In English, we can say that the rule for pluralization is
something like “If a noun is of the form x, then the plural of that noun is of
the form x-s” as in girl-s. In Warlpiri, the rule must be something like “If a
noun has the form x, then the plural of the noun is of the form xx.” Both the
English and the Warlpiri rules show that the rules of language must refer to
VARIABLES. A variable is a kind of symbolic placeholder that can change
in value each time a rule is applied. This is particularly clear for Warlpiri—
the plural marker is not a constant “piece” of sound, as it apparently is
in English regular forms, but rather a copy of the noun. Sometimes the
variable has the value kurdu, sometimes kamina, etc.

Variables in this sense are just like the variables of math—in a function
like y = 2x + 3, we can plug in different values for the variable x and derive
values for the dependent variable y. If x is set equal to 4 then y = 2 x 4 + 3,
which is 11; if the variable x is set equal to 5, then y =2 x 5+ 3, which is
13; and so on.

In contrast to the Warlpiri rule that tells us to repeat the singular in order
to generate the plural, the English rule for regular plurals takes the variable
corresponding to a noun and adds a constant -s ending.>

If we really want to make the parallel to math explicit, we can think of
pluralization as a function mapping members of the set of singulars (the
domain of the function) to a set of plurals (the range of the function). In
Warlpiri, the pluralization function is something like

f(x)=x"x

where the variable x is drawn from the set of singular nouns and the symbol
~ denotes CONCATENATION— a” b means “a followed by b.”

In English, the function would require a variable drawn from the set of
singulars and a constant corresponding to the suffix:

f(x)=x"s

2 As we said above, we are oversimplifying, but probably only those readers who have
taken a linguistics course know what details we are glossing over. If you do not, you are
better off, since you can concentrate on our point about variables and constants.



01-Isac-and-Reiss-c01 OUP201-Isac-and-Reiss  (Typeset by spi, Delhi) 8 of 19 January 15, 2008 20:26

8 WHAT IS I-LANGUAGE?

Concatenation is not the same as mathematical addition or multiplication,
but it may still be useful to draw a parallel in math. A function like
f(x) = x+ 3, where the output of the function, typically shown on the
y-axis of a graph, depends on the value assigned to the variable x added to a
constant, 3.

It is probably apparent that the notions of rules and variables are inti-
mately related. By virtue of the fact that they refer to variables, rules apply
to classes of entities. That is what makes the rules productive. The Warlpiri
rule that says “Repeat the singular x to make the plural xx” applies not just
to kurdu, but to kamina, mardukuja, and in fact to all nouns.

With respect to item (1.3d.), note that nouns are just one of the cate-
gories that linguistic rules operate on, but all linguistic categories are just
that—Ilinguistic. They cannot be reduced to categories of physics, biology,
psychology, or any other domain. The category noun cannot be defined as
“a person, place, or thing”, despite what your English teacher told you.
We’ll come back to this later.

1.2 Equivalence classes

Let’s elaborate on the notion of “variable” used above. The various nouns
of Warlpiri have different pronunciations, and yet we are able to treat them
all as members of a set or class of elements that are all subject to the same
rule. In other words, any noun can stand in for the variable x in the Warlpiri
rule to give the output x~x. One way of understanding this is that the rule
ignores the differences among various nouns and treats them all as members
of the abstract category or class “noun.”

However, there is another kind of abstraction that is necessary before
we even can refer to the nouns in this class. If five Warlpiri speakers utter
kurdu, the actual sound will be different coming from each speaker—there
are differences in the shapes and masses of their vocal apparatus, so that
an old man and a young child will produce tokens of kurdu with very
different physical characteristics. And yet someone hearing all five speakers
can perceive kurdu in each case.

Even more fundamentally, each pronunciation of kurdu by even a single
speaker will be physically distinct with respect to the sound wave that
reaches a listener, due to differences in ambient noise, the moisture in the
speaker’s vocal tract, variability in muscle control of the speech organs, etc.



01-Isac-and-Reiss-c01 OUP201-Isac-and-Reiss  (Typeset by spi, Delhi) 9 of 19 January 15, 2008 20:26

PARTIAL REDUPLICATION IN SAMOAN 9

We will come back to these issues in several subsequent chapters, but what
they illustrate is a point made about eighty years ago by the great linguist
and anthropologist Edward Sapir: “No entity in human experience can be
adequately defined as the mechanical sum or product of its physical proper-
ties.” In modern parlance, human perception and cognition depends upon
equivalence classes—symbolic representations that may be derived from
experience (tokens of a word heard) or somehow manifested in behavior
(tokens of words uttered), but whose relationship with actual experience is
quite complex. As Sapir noted “it is notorious how many of these physical
properties are, or may be, overlooked as irrelevant” in a particular instance.
In Chapter 2, we will illustrate these ideas with both linguistic examples and
examples from other cognitive domains.

Scientists, when they conduct experiments and build theories, also make
idealizations and consciously exclude certain observations from considera-
tion. In describing equivalence classes, however, we are saying something
different. We are claiming that the human mind and cognitive systems
act as a filter on experience—they are built to collapse certain detectable
differences when categorizing input.

Returning to Warlpiri, then, we see that we need to recognize that words,
themselves, are just equivalence classes. The word kurdu is one such class,
as is the word kamina. But then the category noun is also an equiva-
lence class, an abstraction over the set of abstractions that correspond to
words.

In Fig. 1.1 we see that individual nouns represent an abstraction from
various tokens of words that are spoken and perceived. The category noun
is itself an abstraction over the set of individual nouns. The use of symbols
that represent equivalence classes is one of the most important notions for
understanding language.

There is much more philosophizing to be drawn out of the Warlpiri
example, but just for fun we will broaden our empirical base with another
example of reduplication before returning to big picture issues.

1.3 Partial reduplication in Samoan
In the case of Warlpiri, the input symbol corresponded to the singular form

of a noun, call it x, and the output form could be denoted x"x. This pattern
is called “total reduplication” because the whole base form is repeated. In
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EQUIVALENCE CLASS ‘

EQUIVALENCE etc.
CLASSES

ANVA

kurdu, kamina; mardukuja,
TOKENS OF BEHAVIOR, . .
OKENS 0 ! kurdu, kamina, mardukuja,
PERCEPTION
etc. etc. etc.

Fig 1.1 The equivalence class of nouns is itself an abstraction from equivalence
classes abstracted from sets of tokens of individual nouns.

the following discussion of Samoan, we will discover a pattern of partial
reduplication, where only part of the base is repeated.

In Samoan, the singular of the verb “sit” is nofo “she sits” and the plural
is nonofo “they sit” as shown in (1.6).

Samoan verbs: sg-pl

nofo  nonofo  “sit”
moe  momoe “‘sleep”
alofa alolofa “love”
savali savavali “walk”

maliu  maliliu  “die”

If you compare the singular with the plural, are you tempted to posit a
rule that adds a prefix no- to the singular to get the plural? We can reject
this by considering some more data: the singular and plural for the verb
“sleep” is moe/momoe—clearly there is no prefix no- here. So, maybe the
rule in Samoan involves reduplication, just as in Warlpiri, but in this case
reduplication just repeats part of the base word, say the first syllable.?
Well, this idea fails when we get to another pair, the forms for the verb
meaning “love”: alofa/alolofa—the first syllable of the singular alofa is a-,
and this is not repeated in the plural. Instead, the syllable /o is repeated in

3 We will assume that you have an intuitive notion of what a syllable is—it is a
technical term in linguistics.

20:26
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alolofa. Perhaps these forms show us that the correct rule involves starting
at the beginning of the word, looking for the first consonant and the vowel
following that consonant, and then repeating the two of them. This would
work for the three verbs considered so far, but there is more data to consider:
the last two verbs in example (1.6) show the forms savavali and maliliu,
which shows that the correct rule involves copying the second to last syllable
of the singular to make the plural.

We thus see that the Samoan rule requires a variable that constitutes a
part of a root word. We won’t worry too much about how to represent
this—it is an advanced topic, beyond the scope of this book, but here is one
approach: suppose that we represent each verb as a sequence of numbered
syllables starting from the end of the word. So a two-syllable verb would
correspond to (1.7a.) and a three-syllable word to (1.7b.), where the symbol
o stands for a syllable.

Representing syllable sequences

a. 02-01
b. 03-02-0]
C. Op=...=-02-0]

The representation in (1.7c.) corresponds to a word with an arbitrary num-
ber of syllables, n. The rules for plural formation can now be stated by
referring to the variable o;:

If 6,-...-03-01 is a singular verb, then the plural is g,-. . .-02-02-0]

We will revise our view of Samoan later, but for now we have an idea of
what is needed. The Samoan and Warlpiri both are instances of the same
process of reduplication. What differs is the nature of the variable that gets
repeated in each case: a full word in Warlpiri, a syllable in Samoan. It is
exactly because we are able to abstract away from the different nature of the
two variables that we can see that the two languages are in fact using the
same computational process, reduplication.

Our discussion of Samoan has also illustrated a crucial aspect of lin-
guistic analysis—we examined pieces of data and made hypotheses that we
have then tested against more data, revising the hypotheses as necessary to
match the full data set. This is a good example of how language data can
be subjected to the scientific method. The same methodology is used in all
sciences. However, as we will discuss later, there is a deeper level of analysis
than just coming up with a rule that is consistent with the data.
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1.4 Mentalism

We have posited some rules to account for patterns of nouns in Warlpiri
and verbs in Samoan. Let’s now ask what those rules are. Well, in some
sense, they are our creation, hypotheses we made to account for data sets
on the page. However, unless we have some kind of mystical view of our
own creative powers, and assuming the data on the page is somehow related
to what Warlpiri speakers and Samoans say, it seems reasonable to think
that these rules reflect something that existed prior to our analysis—in other
words, we have discovered them, not invented them.

Even if the data we analyzed had never been written down, it seems that
the rules describe a property of Warlpiri and Samoan speakers. In fact, the
memorized singular forms needed to generate the plurals also describe a
property of the speakers. Actually spoken words have a sound associated
with them, but the rules and the variables they refer to do not—and, as
we have seen, even the constant parts do not, since each token is different
physically. The rules, the variables, and also the memorized forms of the
singulars constitute properties of Warlpiri and Samoan speakers. Similarly,
the information that cat is pronounced as it is, that it is subject to the regular
plural formation rule, and that this rule adds -s to the end of the singular
is a property of you. We will assume that these properties are a kind of
information somehow encoded in the brains of the speakers, and we will
refer to that kind of information as a kind of knowledge in the mind of
the speakers. Linguistic analysis aims to discover what speakers know—we
have discovered, for example, that Samoan speakers know (that is, have as
one of their properties) a rule that generates plural verbs by reduplicating
the second to last syllable of the singular.

The preceding discussion falls under the mentalist approach to linguistics.
It considers the information and rules and patterns that can be used to ana-
lyze linguistic behavior to reflect mental properties, properties of the minds
of individuals—the mind consists of information and rules and patterns,
some of which constitute knowledge of language. We will later argue that
what is mental is part of the biological world, and thus our approach is also
known as biolinguistics.

Neuroscientists who are trying to understand how cognition arises from
the physical matter of the brain need linguists to tell them what kinds of
powers inhere in the brains they are studying. If they cannot come up with
a model of the brain that accounts for the ability to memorize words (like



01-Isac-and-Reiss-c01 OUP201-Isac-and-Reiss  (Typeset by spi, Delhi) 13 of 19 January 15, 2008 20:26

I-LANGUAGE 13

Warlpiri singulars) and also store and apply rules that contain variables (the
pluralization via reduplication rule of Warlpiri and Samoan, for instance)
then their work is not done.

1.5 I-language

You now have all the pieces that are necessary to understand what I-
language is. An I-language is a computational system that is encoded in,
or a property of, an individual brain. It is a system of rules (a grammar)
that computes over symbols that correspond to equivalence classes derived
either from experience or other symbols. The mind contains (or perhaps
is composed of) many such systems, for vision, language, etc., and an I-
language is the name given to that one of these systems that generates the
structures associated with speaking and understanding speech.

The I-language approach to linguistics thus studies individual mental
grammars, entities that are internal to each person. In addition to these
two words beginning with the letter /, there is a third relevant term implicit
in the notion of a grammar as a system of rules or patterns. In mathematics
a set can be defined extensionally, by listing its members, or intensionally,
by providing a formula or description that characterizes all and only the
members of the set. For example, {2, 4, 6, 8} extensionally defines the same
set as the intensional description “even numbers less than 10.” Notice that
an intensional definition is more practical for large sets, and required for
infinitely large ones like the set of a// even numbers. A Warlpiri speaker
need not store the set of plurals as an extensionally defined list, since the
reduplication rule defines this set intensionally as a function from the set of
singulars.

m Two characterizations of the set of Warlpiri plurals
Extensional: {kurdukurdu, kaminakamina, mardukujamar-
dukuja, ...}

Intensional: {x"x such that x is a singular noun}

The intensional characterization reflects the rule-governed nature of the
relationship between singulars and plurals. I-language is meant to suggest
all three of these notions—internal, individual, and intensional.

The study of the shared properties of all I-languages is thus the study
of what is sometimes called the human language faculty. This study is
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sometimes called Universal Grammar, the goal of which is to discover the
core of properties common to all I-languages.* We will address implications
of the I-language approach and also contrast it with other approaches
throughout the book.

1.6 Some implications of mentalism

This mentalistic, I-language approach to language has several implications.
First of all, we need to recognize the difference between our conscious
knowledge of Warlpiri and Samoan reduplication that we developed as a
scientific analysis, and the unconscious knowledge that the speakers have.
Samoans, for example, may have no idea what a syllable is, and thus could
not tell us how the singular and plural verb forms they produce are related.
They acquired these rules as pre-literate children without any direct instruc-
tion from their parents—they were not given organized data sets as you
were.

Furthermore, if all speakers of Warlpiri were to die tomorrow, then
nobody in the world would have the kind of knowledge that they have,
and the language would cease to exist. We might have some writings that
describe our analysis of aspects of their language, but that is all. A language,
for linguists, is a system of representations and rules in the mind of a person.
If the person ceases to exist, that particular person’s language ceases to exist.
In other words, we have been talking about the Samoan language and the
Warlpiri language, but we have been doing so informally. From a linguistic
perspective, each Warlpiri speaker and each Samoan speaker has his or her
own set of symbols and rules, what we call his or her own mental grammar,
his or her own I-language.

If this is so, that each Warlpiri speaker actually has his or her own
individual mental grammar, then how can Warlpiri speakers communicate
with each other? Why do they seem to have the same grammar? The answer
is simple—they have mental grammars that are quite similar because they
are all humans and they were exposed to similar linguistic experiences when
they were acquiring their language as children.

4 Just as the terms physics and history refer both to objects of study (the physical
world or the events of history) and the study itself (as in “He failed physics”), the term
Universal Grammar is also used sometimes to refer to the common core of the human
language faculty.
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Everything we have just said about Warlpiri and Samoan holds as well for
English. If we take the mentalistic approach seriously, then we have to admit
that there is no entity in the world that we can characterize as “English.”
There is just a (large) bunch of people with fairly similar mental grammars
that they can use to communicate in a way that is typically more efficient
than between what we call Japanese and English speakers, because the so-
called English mental grammars are more similar to each other. We will
continue to use terms like “the English language,” “Warlpiri plurals,” and
“Samoan verbs,” but bear in mind that each name is a just practical label
for a set of individual mental grammars that are identical with respect to a
given phenomenon under analysis.

1.7 Summing up

So, at this point, we hope you have an idea of the I-language approach. The
ultimate goal is an understanding of the human language faculty, which
is instantiated in individual minds/brains, in the same way that we talk of
a human visual faculty. Each individual person, based on their particular
experience of language acquisition, ends up with a language faculty that is
in a particular state.

We told you earlier that we would not review the major findings of
modern linguistics, but we have changed our mind—here they are:

The fruits of linguistic research

* Every language is different AND
* Every language is the same.

Believe it or not, both of these claims have elicited virulent criticism. Obvi-
ously, we have stated the claims like this for rhetorical effect, but we have
suggested that they can both, in fact, be true in some non-trivial way. The
two claims are complementary rather than contradictory.

We have illustrated the sense in which linguists say that each language
is different: each language corresponds to information in a particular
mind. Since each person has at least slightly different experiences of lan-
guage acquisition, it is not surprising that each ends up with different
grammars, different bodies of information. When we say that two people
speak the same language, it is rather like saying that they are “near” each
other. This is a useful expression whose definition depends on numerous
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factors—Montreal is near Kingston, only three hours away; we work near
Mary, only three blocks away; we are sitting near Mary, only three feet
away; Paul’s liver is near where his gall bladder used to be, only three
inches away (N.B. We know nothing about anatomy). What does near mean?
There is no formal definition of the everyday word near, and there is no
formal definition for the everyday term “English.” Linguistically, there are
no dependable criteria for defining a speaker of English—some dialects
share properties with Hungarian that others dialects do not share, for
example.

The situation becomes even clearer if we look at other languages (using
the term in the everyday sense). Spanish and Italian are called different
languages, but speakers of the standards feel like they can communicate
with each other quite well. On the other hand, the various Italian dialects
are often mutually incomprehensible—they are called dialects of the same
language because they are spoken within the political boundaries of Italy,
not for any linguistic reasons.

The second claim is just the hypothesis of Universal Grammar, an idea
we have already hinted at. We will try to show in later chapters that Uni-
versal Grammar is more of a logical necessity than a hypothesis. However,
in order to understand the claims, and to decide whether to accept or
reject them, we propose to continue developing an understanding of what
language is.

As promised, we have already argued for one apparently ridiculous
notion, the non-existence of English! As with any scientific endeavor, it is to
be expected that our results will surprise us from time to time, and that they
will be at odds with our everyday intuitions and common sense. In the same
way that modern science departs from our common sense, which tells us
that light should behave as either a particle or a wave, not both, or that our
bodies and our cars must be made of fundamentally different substances,
we expect the scientific study of language to overturn some of our most
dearly held intuitions. This commitment to science and its ability to surprise
us is expressed well in the following quotation from Zenon Pylyshyn, a
psychologist and computer scientist whose work inspired much of what you
will find in the following pages:

[T)f you believe P, and you believe that P entails Q, then even if Q seems more than a
little odd, you have some intellectual obligation to take seriously the possibility that O
may be true, nonetheless. [Zenon Pylyshyn (1984), Computation and Cognition: xxii]
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Throughout the book, we intend to mind our Ps and Qs in accordance with
Pylyshyn’s dictum.

1.8 Exercises

Exercise 1.8.1. Ethnologue: Throughout the book we refer to languages
in the everyday sense of English, Warpiri; Spanish, and so on. Find
information about where languages are spoken, how many speakers they
have and what family they belong to by consulting the Ethnologue at
http://www.ethnologue.com. Go to the website and write up a descrip-
tion of the language that immediately follows your family name alpha-
betically and the language that immediately follows your given name.
(If your name is James Jameson, or something else that gives the
same language twice, use the language that precedes your family name
alphabetically.)

Exercise 1.8.2. How do you express the meaning very in Pocomchi? Fill

in the blanks.
adjective very + adjective
saq  white sagsaq very white o
rgsy,  green radrds)  very green S all three times
q’eq black q’eqq’eq very black
q’an ripe very ripe, rotten
nim  big very big
kaq red very red

Exercise 1.8.3. Can you see how to generate the set of definite nouns
(like the bird) from the set of bare nouns (like bird) in Lyele? Note that
vowels in Lyele can bear one of three tones: a = mid tone; & = high tone;
a = low tone. These tonal differences are distinctive—they can differentiate
meaning.

kami  bird kumii  the bird

yala  millet | yalaa  the millet

kuli  dog the dog
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Things may be a bit more complex than you thought:

na  foot naa  the foot
yiji ~ church | yijii  the church
ya market | yad  the market
celé parrot | céléé the parrot

To make the definite form (the + N) repeat but always use

a tone.
What equivalence classes are relevant to a discussion of these Lyele noun
forms?

Exercise 1.8.4. Is it English? Here are some sentences rendered in Stan-
dard orthography that we have heard spoken in various places that are
referred to as English-speaking places. Identify differences from your own
variety of English, if you can figure out the intended translation into your
own dialect. Are these sentences all English? How does the I-language
approach bear on the issue?

We are allowed running here. (Montreal)

We are allowed to run here. (Brooklyn)

1 did nothing today. (Brooklyn)

1 didn’t do nothing today. (Brooklyn)

The government has decided to raise taxes. (Montreal)

The government have decided to raise taxes. (London)

I'm going to the dep to get some cigarettes and beer. (Montreal)
That’s all the faster I can run. (Michigan)

That’s as fast as I can run. (Brooklyn)

A SR AN o

_.
e

I might could go. (Alabama)

[
—_—

. I might be able to go. (Brooklyn)

—
[\

. He been try make me mad. (Cajun English, Louisiana)

—_
[98)

. T ate a egg. (Ypsilanti)

—_
N

. T ate an egg. (Brooklyn)

Further Readings

e Chapters 1 and 2 of Patterns in the Mind by Ray Jackendoff (1994).
This is an excellent book that inspired much of this book—we actually
recommend reading it all.
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e Recapturing the Mohawk Language by Marianne Mithun and Wallace
Chafe, in Timothy Shopen (1979) (ed.) Languages and their Status, (3—
33). We have our students read this partly because Mohawk is spoken
in the vicinity of Montreal where we teach, and partly because it gives
interesting illustrations of productive grammar in a language that is
very different from English. There are aspects of the article we disagree
with, but this can lead to useful discussion.
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In the last chapter we introduced two important notions related to
I-language: computation and equivalence classes. As we suggested, these
ideas have quite broad relevance for an understanding of the human mind,
and in this chapter we will provide demonstrations from various domains
in addition to linguistic ones. Abstracting away from physical properties
and providing analyses in terms of equivalence classes is something that all
scientists do, including linguists and other cognitive scientists. In the case
of cognitive science, this process of forming equivalence classes actually
constitutes the object of study. The human mind/brain automatically filters
incoming stimuli in such a way as to collapse even grossly distinct signals
and treat them identically. This kind of information processing is what
cognitive science studies.

2.1 A triangle built by the mind

Look at Fig. 2.1. If you are a normal human being you will see a white
triangle with its vertices at the center of the three Pac-Man figures. You
can see the edges of the triangle and trace them with your finger, but if you
cover up the Pac-Men the edges seem to disappear. The area of the triangle
is exactly the same shade of white as the background of the page, so it is not
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Fig 2.1 Triangle constructed by visual system.

surprising that no edges remain visible. But why do you see a triangle in the
first place—are you hallucinating? If so, why does every other human who
looks at such a page also see the triangle?

From the point of view of physics, which can measure things like the
light reflecting off the page, there is no distinction between the area inside
the triangle, its edges and the background. So is the triangle not real? We
could decide to say that the triangle is not part of the real world and thus
adopt a pure physicalist definition that accepts as real only that which can
be defined using the categories of physics, like mass, wavelength, velocity,
etc. But that is not very satisfying—it leaves us with a big mystery: Why
does everyone who looks at the page see the triangle? Isn’t that a real fact
about real humans?

So, is there really a triangle on the page? The solution offered by cognitive
science to the triangle mystery is this. The human visual system interprets
certain stimuli in such a way as to construct a representation of a triangle.
In other words, the triangle is not a physical property of the page but
a result of how you process physical stimuli like this page under certain
circumstances—for example, when your head is oriented correctly, your eyes
are open, and it is not pitch dark in the room. In other words, your mind
imposes the triangle interpretation on the page. Now, one could just declare
that there is no triangle since its edges cannot be physically detected. One
could decide that the only things that are real are those that can be described
in physical terms, and the edge of the triangle has no mass, or charge, or
luminance, and so it is not a physical entity and thus not real. If the edges
aren’t real, the triangle itself cannot be real.

As we said, one can arbitrarily decide to use the term real in this way,
but this puts us in an uncomfortable situation. On the one hand, we have to
accept that every single person who looks at the triangle figure sees the same
thing, a triangle, and so do certain animals, as can be shown by experiment,
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despite the fact that the thing they see is not real. Are we all deluded? How
come we are all deluded in exactly the same way, then? On the other hand,
if we want to study the human visual system scientifically, we have to accept
the idea that science can study what is not real. Rather than arbitrarily
defining the real to include only that which has mass, charge, luminance,
location, and so on, we can recognize that physics contains certain cate-
gories and vision science others, but it is not the case that the categories of
one are necessarily more real than those of the other. In fact, the categories
of modern physics are so remote from our everyday experience of what we
call the physical world, that they too must be considered abstractions. We’ll
elaborate on this later on.

People sometimes think that the fact that we see a triangle on the page
has to do with the fact that we have the word triangle that we can apply to
certain experiences. There are at least two problems with this view. The first
problem is that if we couldn’t recognize triangles in the first place, we would
not know what to apply the word to—it just doesn’t make sense to say that
the word allows us to perceive the object.

The second problem is that our visual system constructs percepts of
edges and corners that compose objects even when we have no name for
them. Fig. 2.2 contains an illusory regular polygon with thirteen sides. You
experience the illusion even if you do not know that such a figure is called a
triskaidecagon by mathematicians.

We even see illusory shapes that nobody has a name for, as in the blob of
Fig. 2.3.

We see the contours of a blob because of the way our visual system
processes the information received by our eyes. The triangle or blob we
perceive is not part of the physical input to our eyes but is rather an
information structure, or representation, constructed by the visual system
based on the input it receives and its own rules.

Note that we make no effort to see the triangle or the blob, and in fact we
can’t help but see the edges of these figures, even when it is pointed out that
there is no difference in luminance between the figure and the background.
Our visual system works the way it does despite contradictory conscious
knowledge.

We mentioned that certain animals will also see shapes when presented
with a display with illusory contours like Fig. 2.1. Nieder (2002) reviews
the evidence for animal perception of such shapes: for example, bees have
been trained in a Y-shaped tunnel to choose the correct branch to a sugar
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Fig 2.2 An illusory triskaidecagon.

solution when that route is marked with stripes oriented in a particular
direction, say rising towards the right. The bees are then tested with the
rightward rising pattern replaced by various displays. If the display contains
a solid rectangle or one with illusory edges as in Fig. 2.4, the bees treat it
like stripes with the same orientation.

However, if the display contains a solid triangle with the wrong ori-
entation, or crucially with the Pac-Men oriented in a way that does not
produce illusory contours (even for us humans), the bees treat the display
as different from the rightward rising stripes. The two sides of Fig. 2.4 are

,Q
®.J

Fig 2.3 Unnamed form constructed by visual system.
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Fig 2.4 Rectangles constructed by visual system—of humans and bees,

who can be trained to treat the two figures as members of an equivalence
class in terms of orientation.

processed as members of an equivalence class that excludes the two sides of
Fig. 2.5. Clearly, from a purely physical perspective, one could argue that
each side of Fig. 2.4 is more like one of the members of Fig. 2.5 than like
the other member of Fig. 2.4. However, the well-defined contours of the
solid rectangle and the illusory contours of the other figure can be treated
as equivalent by a bee (and a human).

However, we can’t just say that the rectangle or triangle is “out in the
world.” If they were out in the world, then a computer vision system with
a robotic eye that is way more sensitive than a human eye should be able
to detect these shapes at least as easily as a person can. However, it is, in
fact, very difficult to get an artificial system to recognize these displays as
a rectangle or triangle. It is only a rectangle or triangle to a system that
processes information about incoming patterns of light in such a way as
to construct the representation of such shapes. Nature has given us such a
system, but we haven’t yet figured out how to endow computers with such a
system. The rectangle or triangle is a symbolic representation, a member
of an equivalence class, that is internal to the entity (bee, cat, human,

Yo

Fig 2.5 The bees do not treat the illusory rectangle above as the same
as either of these two figures.
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Fig 2.6 How many objects on the left? How many on the right?

whatever) that is constructing it. Since we assume that bees do not have
words for various shapes, we now have a third argument against relating
our perception of the triangle to our linguistic experience.

We now have a nice parallel to the discussion of the non-existence of
languages from the previous chapter. There is no such thing as Warlpiri
or the Warlpiri word for “child” or the Warlpiri reduplication rule; there
are just a bunch of humans whose minds contain similar kinds of rules and
symbols that we informally group together as Warlpiri. Similarly, there is
no triangle or rectangle on these pages, but humans (as well as members
of some other species), who all share the same kind of visual system, all
construct the same percept upon exposure to this page. Our nervous systems
just process information in this way. (As an aside, note that there are, in
fact, no triangles in the physical world—triangles are geometric figures with
sides consisting of perfectly straight line segments meeting at vertices whose
angles add up to exactly 180°. Perfectly straight line segments, for example,
do not exist in the physical world.)

2.2 More visual construction

Our discussion of vision has already led us to some surprises, and further
consideration will, as you suspect, only show us greater complexity. Let’s
assume a computational approach to vision that parallels in many ways
the approach we introduced for language in Chapter 1. On the topic of
representation in perception Bregman (1990:3) makes the following point:

In using the word ‘representations’, we are implying the existence of a two-part
system: one part forms the representations and another uses them to do such things
as calculate . ..

Let’s now apply Bregman'’s observation to Fig. 2.6.
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On the one hand, our visual system must clearly detect and represent
shading, textures, and edges. On the other hand, it must perform the cal-
culations or inferences that lead us to see the left side of the figure as
representing an ellipse partly occluded by a rectangle, to group the two
gray regions together. Note that our visual inference system cannot help
but see things this way, and it does not matter that there is no right way
to experience the image—it may be a picture of a rectangle occluding an
ellipse, or it may be a picture of three distinct objects, as suggested by the
right-hand side of the figure. In fact, it is just a pattern of ink on the page:
we can specify its physical properties; and we can tell you what numbers we
entered in the graphics program that we used to design it. But none of this
matters—we, as humans, cannot help but perform the computations that
lead to the perception of one object occluding another on the left-hand side.
Note that the only difference between the two sides is the black perimeter
of the rectangle on the left. The fill of the rectangle and the empty space
perceived on the right-hand side are both just regions of the page without
any ink.

The output of the visual system, representation of objects with colors,
textures, shapes, and sizes feeds into other systems that also appear to
involve computations and constructions.

Consider Figure 2.7. On the one hand, we see a nose, a snout, some ears,
eyes, and lips, but, on the other hand, we see a picture of Oonagh and
Baby Z. Is there any reason to even make such a part/whole distinction,
or are we just being pedantic? Well, consider the following description of
the condition prosopagnosia from the Preface of Hoffman’s (1998) Visual
Intelligence:

After his stroke, Mr. P still had outstanding memory and intelligence. He could read
and talk, and mixed well with the other patients on his ward. His vision was in most
respects normal—with one notable exception: he couldn’t recognize the faces of people
or animals. As he put it himself, “I can see the eyes, nose and mouth quite clearly,
but they just don’t add up. They all seem chalked in, like on a blackboard...I have
to tell by the clothes or by the voice whether it is a man or a woman...The hair

may help a lot, or if there is a moustache...” Even his own face, seen in a mirror,
looked to him strange and unfamiliar. Mr. P had lost a critical aspect of his visual
intelligence.

So, Mr. P appears to see normally in the sense of seeing objects like ears
and noses and lips, but further computation by the face recognition sys-
tem, involving the output of the visual system, is somehow impaired. We
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Fig 2.7 Mouths, snouts, lips, eyes, and ears or Oonagh and Baby Z?

typically think of faces as objects in the world, but this case suggests that
face perception requires construction of a complex symbolic representation
from the objects that themselves are constructed by the visual system. These
processes of construction occur inside individual minds/brains according to
rules and principles (we might say grammars) of vision and face recognition.

2.3 Auditory scene analysis

Just as our mind actively constructs the objects of visual perception and
face recognition, it also constructs the objects of auditory perception, what
we hear. Imagine you are listening to the hum of an air conditioner and
then hear the footsteps of someone walking down the hall to your office.
The hum is continuous, but the footsteps are a sequence of short sounds.
From a physical point of view, each step is a separate event, yet you
perceive the sound of footsteps as a single auditory “object.” Your mind
integrates the sequence of steps into what is called a single auditory stream.
Notice that the continuous hum of the air conditioner constitutes another
stream. Although this may seem obvious, in fact there is a tremendously
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Fig 2.8 Spectrogram of a complex wave consisting of music and speech.

complicated issue to explain. Every time a footstep occurs, the sound
originating from the step combines with the sound of the hum, and the
vibrations that reach your ears are a composite of these two sources and
any others that may be present, such as a person talking on the phone at
the next desk. Yet your mind is somehow able to segregate the complex
sound wave into two or more separate streams.

Auditory scene analysis is a framework for studying auditory perception
developed by Albert Bregman and his collaborators. Auditory scene analy-
sis can be broken down into two main components. One problem, given
the fact that sound waves from various sources are combined into a single
wave that reaches the eardrum, is that of simultaneous spectral integration
and segregation. The auditory system integrates into a single representation
parts of the sound spectrum reaching the ear within a temporal window that
“go together.” Of course, the decision that spectral regions “go together”
is determined by properties of the auditory system, and in the case of
an illusion, the decision may lead to a non-veridical percept. An example
of spectral integration is the perception of a played musical note and the
overtones that give the instrument its unique timbre as emanating from the
same source. The process of assigning parts of the spectrum to different
perceptual sources is called spectral segregation: attending to speech while
a fan provides a high-frequency hum in the background requires spectral
segregation.

The other main component of auditory scene analysis is sequential
integration—acoustic events occurring separated in time may be integrated
into a single auditory stream. Examples of streams include a sequence of
footsteps or the continuous sound of falling rain. Individual sounds of a
foot striking the ground are separated by silence or other sounds, yet the
steps are integrated into a single perceptual object, a stream.

The complexity of the task of auditory scene analysis can be appreciated
by considering the spectrogram in Fig. 2.8. This is the spectrogram of a
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Fig 2.9 The music (left) and the speech (right).

wave created by mixing a sample of recorded speech and some music. The
spectrograms of the music and speech separately are shown in Fig. 2.9.
In this example, we were able to display the music and speech separately
because we had the separate recordings. The mind has to extract such
information from a complex stimulus, like the mixed signal, to construct
distinct streams from a single physical signal.

The following quotation expresses the extent to which we construct our
auditory experience—just as the edges of the triangle above are constructed
by our minds, so are the edges of auditory events:

The perceptual world is one of events with defined beginnings and endings...An
event becomes defined by its temporal boundary. But this impression is not due to
the structure of the acoustic wave; the beginning and ending often are not physically
marked by actual silent intervals. [Handel 1989]

This quotation suggests that our minds impose the structure of our audi-
tory perception, just as with our visual perception, and it is pretty easy to
find parallels between the two domains. Suppose we remove the border of
the rectangle on the left side of Fig. 2.6, giving the right side. It is less likely
that you perceive the two curved regions as belonging to a single elliptical
object, since they appear separated by “empty space.” The presence of the
border on the white region on the left lets us perceive it as belonging to a
white object which can mask the non-visible part of a (continuous) ellipse.
An exact parallel can be designed for audition.

If we take a tone and replace a portion of it with silence, we’ll hear
the resulting sound as having a gap in the tone. However, if we replace
the silence with broad-frequency white noise of a loudness that would be
sufficient to mask the tone, then we actually perceive the tone as continuing
behind the noise. Interestingly, we will be able to fill in a gap in a sound
behind a mask even if the surrounding portions are not constant. For
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Fig 2.10 Waveform of a sentence.

example, a gap in a tone that rises in frequency can be restored by our
perceptual system if it is masked by noise.’

In vision and in audition the mind plays an active role in constructing
our experience. In the next section we will discover that the perception
of boundaries applies even to sound corresponding to speech—even word

boundaries are constructed by our minds.

2.4 Words are built by the mind

So, what is this discussion of vision and audition doing in a book on
linguistics? The point is that just as our visual and auditory percepts are
due to active mental processes, our linguistic cognition is also a function of
processing by our mental grammar. This is most easily demonstrated by our
perception of speech sounds and their organization into words.

Before we proceed, note that speech perception depends upon prior gen-
eral auditory processing, since the words we hear are sounds. This relation-
ship between audition and speech perception is somewhat like that between
object perception and face recognition discussed above: the output of one
system is fed into another.

The display in Fig. 2.10 shows a waveform of a recorded utterance, The
spotted cat skidded by. The horizontal axis shows time and the vertical axis
is basically a record of the loudness of the signal at each point. When the
display reaches up and down from the horizontal axis, the speaker’s voice
was most loud, and where the waveform is basically just a horizontal line,
the speaker was silent. (Because of background noise there is never perfect

5 A demonstration and further discussion of this phenomenon can be found
http://ego.psych.mcgill.ca/labs/auditory/Demo29.html, which is accessible from the web-
page of Al Bregman whose work inspired much of this discussion.
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Fig 2.11 Waveform of The spotted cat skidded by.

silence indicated.) Based on this information, try to figure out where each
word of this sentence begins and ends.

You were probably tempted to place your word boundaries wherever
the display indicates a silence. However, you will be surprised to see the
transcription we have provided of some of the sounds and the word bound-
aries in Fig. 2.11. There are two particular aspects of the display to note.
First, approximate word boundaries are indicated by the symbol #, but
note that there is not necessarily silence between words. Second, note that
there is sometimes silence (apart from the slight noise in the signal) inside
of words—this is normal when the utterance contains sounds like those
corresponding to the letters p, ¢, k. In the words spotted and skidded there
is an s before a consonant in the same word, yet the waveform shows that
there is silence between the two sounds.®

On the other hand, there is no silence between the words the and spotted.
This situation is typical, and if we presented you with recorded speech from
an unfamiliar language, you would not be able to find the word boundaries
by either looking at the waveform or listening to the recordings. You need a
mental grammar of the language to impose word boundaries on the signal.

We learn from this example that, like the triangle we saw, the words we
perceive in speech are the result of information processing. The sound wave
that reaches our ears does not inherently contain words. Our minds impose
words on signals we hear; the words are not part of the signal.

In the case of the perceived triangle, it turns out that any normal human
(or bee) who can see will see the triangle, because we all have a visual system
that processes information in the same way. In the case of language, there

6 This silence is there because of the way these consonants are articulated—a detail
you would learn more about in a phonetics course.
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is some learning involved—we perceive word boundaries in speech in ways
that depend on the languages we have learned. So linguistic information
processing appears to be more plastic, more influenced by experience, than
visual information processing.

We will not go into further detail analyzing waveforms here, but we
will just mention that our perception of speech as consisting of discrete
segments is also due to processing by our speech perception cognition—
the actual signal does not consist of a well-defined sequence of segments,
as you can perhaps tell by examining the waveform above. The portions of
the waveform corresponding to each speech sound blend together, showing
us that, like words, our perception of segments is due to the constructive
information processing carried out by our minds.

The point we have just made about triangles, auditory streams, faces, and
words turns out to be true of all categories of human experience—they are
not definable by their actual physical properties. For example, to again cite
Edward Sapir, there is no way to define in physical terms, the difference
between a club and a pole. An object is called a club if we use it as a club or
believe that it was intended to be used as a club by the person who fashioned
it—there are no necessary and sufficient physical criteria to make something
a club as opposed to a pole.

Similarly, there are no necessary and sufficient physical criteria to deter-
mine where word boundaries fall in a waveform. The perception of word
boundaries depends on which mental grammar is being used to process
the signal. The signal itself has no information about word boundaries,
since words are not physically definable entities. We could even imagine a
situation in which a given signal would be parsed into different words by
speakers of different languages.

Even closer to home, we have all had the experience of misparsing, of
assigning word boundaries in a fashion not intended by the speaker. Mis-
assignment of word boundaries is one of the sources of “mishearing” that
leads to mondegreens’ like hearing Jimi Hendrix say "Scuse me while I kiss
this guy instead of the intended "Scuse me while I kiss the sky. The [s] of sky
is misparsed as belonging to the previous word. As we will see in Exercise
2.6.2, [k] after [s], is usually indistinguishable from [g].

7 According to the Wikipedia, the term was coined by Sylvia Wright in Harper’s
Magazine, November 1954, in a discussion of her understanding as a child of the poetic
phrase And laid him on the green as And Lady Mondegreen.
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2.5 Summing up

So, to reiterate, the triangles and the words we perceive are related in a very
complex and indirect fashion to the physical stimuli we receive. The fact
that we can imagine words and triangles in our mind’s ear and eye, without
any outside stimulus at all, further demonstrates that perception of these
entities is due to construction by the mind.

So why is this chapter called “I-Everything”? The “I” of I-language is
chosen to suggest individual, internal, and intensional. It should be obvious
that the triangle you see, the auditory streams you hear, and the words
you identify in an utterance are all the output of “I”-systems. For exam-
ple, each of us has our own individual visual system, and this system is
clearly internal to us, part of our make-up as organisms. Moreover, it is
not the case that we can only perceive a limited number of objects whose
images are stored in some kind of mental list. Like the productivity of our
linguistic grammars, our visual computational systems are productive. They
construct edges given an infinite range of stimuli. You do not see a triangle
only when looking at Fig. 2.1 from a single angle under one set of lighting
conditions from a particular distance—try moving the page around or visit
http://www.cut-the-knot.org/Curriculum/Geometry/Edgelllusion.shtml to
explore the visual grammar that lets you construct the edges of a
triangle.

2.6 Exercises

Exercise 2.6.1. Word boundaries: The purpose of this exercise is to give
you firsthand experience with the abstractness of linguistic representation.
You will see that the word and segment boundaries we perceive are typically
not present in the acoustic signal, but instead are imposed by our minds.
This is a linguistic example of the construction of experience that we have
discussed in relation to vision and hearing.

You will work with a recorded sentence and try to find word boundaries.
Using a sound editing program such as Praat (www.praat.org) examine the
waveform of the sound file ilang.wav available from the companion website.
If you have trouble saving the file from your browser, then download the .zip
file containing all the materials you need and unzip it. You’ll end up with a
folder containing the sound file.
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There is also an image of the waveform on the website, but you need
a sound editing program to zoom in and play selections. You may find it
useful to print this waveform, or one from within Praat, to mark your word
boundaries on. In order to complete the exercise you need to be able to see
the waveform (a graph of intensity vs. time) and select and play portions
of the sound file. You also need to be able to find points in time in the
waveform window. This is pretty easy in Praat and most other phonetics
programs.

You can also get a manual from the Praat homepage or get a manual
written by our former student Tom Erik Stower from the companion page.
(This manual contains more detail than you will need.) Write your answers
down on scrap paper as you proceed, so that you do not lose your work if
the computer crashes or if your session is interrupted.

a. Provide an orthographic transcription of the sentence—that is, just
write it in normal English writing.

b. For each word of the ten or so words in the sentence, write the ending
time of the word in milliseconds. (Count contractions like can’t as two
words, if there are any.) For example:

End word 1 “the”: 136 msec
End word 2 “cat”: 202 msec
and so on.

c. Are there any cases of silence within a word? Give at least one
example and say where the silence occurs—between which sounds?
Example: The word “Casper” has silence between the s and the p.
This can be heard and also seen because the waveform has almost no
amplitude between those two sounds.

d. Isthere generally silence or a pause between words? Give an example
of two adjacent words where you had difficulty deciding on where to
place the boundary. Example: It was hard to decide on the boundary
between “the” and “apple.”

e. Comment on any difficulties or interesting issues you encountered in
any part of this exercise. (Say something coherent and relevant—if
you found nothing interesting, fake it.)

Exercise 2.6.2. Take either a pre-recorded sentence or record your own
and mark the segment boundaries on the waveform. In other words, find
the division between adjacent sounds, like the s and the k£ of a word like
sky. Comment on any problems you run into. See how your results compare
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to those of your classmates. Tom Erik’s manual will tell you how to mark
the boundaries on a waveform in Praat and print out the results.

Exercise 2.6.3. More construction: Visit a website with optical illusions
and find examples of illusions that demonstrate your mind’s role in the
construction of color, motion, and shape. Here is one excellent site:
http://www.michaelbach.de/ot/index.html

Further Readings

These readings are all fantastic, and we have borrowed freely from them in
this book. Visual Intelligence is the most accessible.

e Chapters 1, 2, 7 of Visual Intelligence by Donald Hoffman (1998).

e Chapter 1 of Auditory Scene Analysis by Albert Bregman (1990).

e “The problem of reality” by Ray Jackendoff. Noiis, Vol. 25, No. 4.
Special Issue on Cognitive Science and Artificial Intelligence (Sep.,
1991), pp. 411-33. Reprinted in Jackendoff’s Languages of the Mind:
Essays on Mental Representation (1992).

e “Seeing more than meets the eye: Processing of illusory contours in
animals” by A. Nieder (2002). Journal of Comparative Physiology 188:
249-60.



