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MULTIPLE INTELLIGENCES

The First Thirty Years

In the years since I published Frames of Mind, 1 have often been asked
how I first got the idea of—or for—the theory of multiple intelligences.
Probably the most truthful answer is “I don’t know.” However, such an
answer satisfies neither the questioner nor, to be frank, me. With the ben-
efit of hindsight, I would mention several factors, some remote, some di-
rectly feeding into my discoveries:

As a young person I was a serious pianist and enthusiastically involved
with other arts as well. When I began to study developmental and cogni-
tive psychology in the middle 1960s, I was struck by the virtual absence of
any mention of the arts in the key textbooks—in the face of numerous
discussions of scientific thinking. An early professional goal was to find a
place for the arts within academic psychology. I am still trying! In 1967 my
continuing interest in the arts prompted me to become a founding mem-
ber of Project Zero, a basic research group at the Harvard Graduate School
of Education begun by a noted philosopher of art, Nelson Goodman. For
twenty-eight years (1972-2000), I was the codirector of Project Zero, and
I am happy to say that the organization has continued to thrive under new
leadership.

As my doctoral studies were drawing to a close, I first encountered the
writings of Norman Geschwind,! a notable behavioral neurologist. I was
fascinated by Geschwind’s descriptions of what happens to once-normal
or -gifted individuals who have the misfortune of suffering from a stroke,

This introduction replaces a previous introduction that appeared in earlier editions of
this book.
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tumor, wound, or some other form of traumatic brain damage. Often the
symptoms run counter to intuition: for example, a patient who is alexic but
not agraphic loses the ability to read words but can still decipher numbers,
name objects, and write normally. Without having planned it that way, I
ended up working for twenty years on a neuropsychological unit, trying to
understand the organization of human abilities in the brain: how they de-
velop, how they (sometimes) work together, and how they break down
under pathological conditions.

I have always enjoyed writing, and by the time T began my postdoctoral
work with Geschwind and his colleagues in 1971, I had already completed
three books. My fourth book, The Shattered Mind, 2 published in 1975,
chronicled what happens to individuals who suffer from ditferent forms of
brain damage. I documented how different parts of the brain are domi-
nant for different cognitive functions. After I completed The Shattered
Mind, T thought that I might write a book that describes the psychology of
different human faculties—a modern (and hopefully more scientifically
grounded) reformulation of phrenology. In 1976 I actually wrote an outline
for a book with the tentative title Kinds of Minds. One could say that this
book was never written—and indeed I had totally forgotten about it for

many years. But one could also say that it eventually emerged silently from
the file cabinet and transmogrified into Frames of Mind.

So much for the more remote causes of the theory.

In 1979, a group of researchers affiliated with the Harvard Graduate
School of Education received a sizeable grant from a Dutch foundation,
the Bernard van Leer Foundation. This grant was designed for a grandiose
purpose, one proposed by the foundation. Members of the Project on
Human Potential (as it came to be called) were commissioned to carry out
scholarly work on the nature of human potential and how it could best be
realized. (Thinking of the United States, I've sometimes quipped that the
Project on Human Potential is more of a “West Coast” topic than an “East
Coast” topic.) When the project’s principal investigators carved out our
respective projects, I received an inviting assignment: to write a book
chronicling what had been established about human cognition through dis-
coveries in the biological and behavioral sciences. And so was born the re-
search program that ultimately led to the theory of multiple intelligences.

Support from the van Leer Foundation allowed me, with the aid of
many valued colleagues, to carry out an extensive research program. I saw
this grant as providing a once-in-a-lifetime gift: we had the opportunity to
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collate and synthesize what I and others had learned about the develop-
ment of cognitive capacities in normal and gifted children as well as the
breakdown of such capacities in individuals who suffered some form of
pathology. To put it in terms of my daily calendar, I was seeking to syn-
thesize what I had been learning in the mornings from my study of brain
damage with what I was learning in the afternoons from my study of cog-
nitive development. These latter studies actually investigated how young
children mastered symbol use in seven different areas ranging from singing
to drawing to story-telling.3 My colleagues and T also combed the litera-
ture from brain study, genetics, anthropology, psychology, and other rel-
evant fields in an effort to ascertain the optimal taxonomy of human
intellectual capacities.

I can identify a number of crucial turning points in this investigation. I
don’t remember when it happened but at a certain moment, I decided to
call these faculties “multiple intelligences” rather than “assorted abilities”
or “sundry gifts.” This seemingly minor lexical substitution proved very im-
portant; I am quite confident that if T had written a book called Seven Tal-
ents it would not have received the attention that Frames of Mind received.
As my colleague David Feldman has pointed out,* the selection of the
word intelligence propelled me into direct confrontation with the psycho-
logical establishment that has long cherished and continues to cherish 1Q
tests. However, I disagree with Feldman’s claim that T was motivated by a
desire to “slay IQ”; neither the documentary nor the mnemonic evidence
indicates that T had much interest in such a confrontation.

A second crucial point was the creation of a definition of an intelligence
and the identification of a set of criteria that define what is, and what is
not, an intelligence. I can’t pretend that the criteria were all established a
priori; rather, there was a constant fitting and refitting of what I was learn-
ing about human abilities with how best to delineate and then apply what
ultimately became eight discrete criteria. I feel that the definition and
the criteria—as laid out in the opening chapters of this book—are among
the most original parts of the work. Interestingly, neither has received
much discussion in the literature, on the part of supporters or critics.

When drafting Frames of Mind 1 was writing as a psychologist, and
to this day that remains my primary scholarly identification. Yet, given
the mission of the van Leer Foundation and my affiliation with the Har-
vard Graduate School of Education, it was clear to me that I needed to
say something about the educational implications of MI theory. And so, I
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conducted background research about schools and about education, more
broadly defined; in the concluding chapters I speculated about some ed-
ucational implications of the theory. This nod toward education turned out
to be another crucial point because it was educators, rather than psychol-
ogists, who found the theory of most interest.

By 1981 I had drafted the book that you are now reading (hence the
thirty years of the title); thereafter I revised. The main lines of the argu-
ment had become clear. I was claiming that all human beings possess not
just a single intelligence (often called by psychologists “g” for general in-
telligence). Rather, as a species, we human beings are better described as
having a set of relatively autonomous intelligences. Most lay and scholarly
writings about intelligence focus on a combination of linguistic and logical
intelligences—the particular intellectual strengths, T often maintain, of a
law professor, and the territory spanned by most intelligence tests. How-
ever, a fuller appreciation of human cognitive capacities emerges if we take
into account spatial, bodily-kinesthetic, musical, interpersonal, and intra-
personal intelligences (the list as of 1983). We all have these intelligences—
that’s what makes us human beings, cognitively speaking. Yet at any
particular moment, individuals differ for both genetic and experiential rea-
sons in their respective profiles of intellectual strengths and weaknesses.
And so, drawing on the analogy of our era, I contend that we have not one
general-purpose computer but rather a set of discrete computers—the
multiple intelligences—that operate somewhat independently of one an-
other. No intelligence is in and of itself artistic or nonartistic; rather, sev-
eral intelligences can be put to aesthetic ends, if individuals so desire. (I am
using my linguistic intelligence here, but scarcely in the manner of a nov-
elist or poet.) No educational implications follow directly from this psy-
chological theory. But if individuals differ in their intellectual profiles, it
makes sense to take this fact into account in devising an educational sys-
tem for individuals, groups, or even nations.

By the time that Frames of Mind appeared I had already published half
a dozen books. Each had had a modestly positive reception and a reason-
able sale. T did not expect anything different from Frames of Mind, a
lengthy and (for a trade audience) somewhat technical book, filled with
hundreds of references and devoid of illustrations. But within a few months
after its publication, I realized that this book was different. Not that the re-
views were that exuberant or the sales that monumental. Rather, there was
genuine “buzz” about the book. I was invited to give many talks, and when
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I showed up at a site, people had at least heard about the theory and were
eager to learn more about it. I even received invitations from abroad to
talk about the book. Echoing artist Andy Warhol, I sometimes quip that
MI theory gave me my fifteen minutes of fame. While I have done a num-
ber of things in my professional life and written about a broad range of
topics, I realize that I am likely always to be known as the “father of mul-
tiple intelligences” or, less palatably, as the “MI guru.”

For the first decade following the publication of Frames of Mind, 1 had
two primary connections to the theory. The first relation was that of a be-
mused observer. I was amazed at how many individuals claimed that they
wanted to revise their educational practices in the light of MI theory.
Within a year or so, I had already met with eight public school teachers
from Indianapolis who would shortly begin the Key School (now the Key
Learning Community), the first school in the world organized explicitly
around MI theory. I began to receive a steady stream of communications
asking or telling me how to use MI theory in various kinds of schools or for
various populations, from gifted young people to those with severe learn-
ing difficulties. While I tried to be responsive to these communications (a
somewhat more demanding exercise in the pre—e-mail era), I always main-
tained that I was a psychologist and not an educator. I did not presume to
know how best to teach a class of young persons or run an elementary or
secondary school or, for that matter, design a program in a children’s mu-
seum or a science museumn, let alone a method of selection or promotion
for a corporation.

My second relation was as a director of research projects that grew out
of MI theory. The most ambitious effort was Project Spectrum, a collabo-
ration with Jie-Qi Chen, David Feldman, Mara Krechevsky, Janet Stork,
Julie Viens, and others.” The goal of Project Spectrum was to create a set
of measures whereby one could ascertain the intellectual profile of young
children—preschoolers and those in the primary grades. We ended up de-
vising fifteen separate tasks that were designed to assess the several intel-
ligences in as natural a manner as possible. The team had a great deal of
fun devising the Spectrum battery and using it with different populations.
We also learned that creating assessments is a ditficult task and one that re-
quires an enormous investment of time, thought, and money. I decided,
without saying so in so many words, that I did not want myself to be in the
assessment business, though I was very pleased if others chose to create in-

struments in an effort to assess the various intellig_;ences.ﬁ
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In this context, I should add that instruments that purpose to assess in-
telligences need to focus on what subjects can actually accomplish, puta-
tively given a specific intelligence or intelligences. Many “MI tests” actually
assess preferences and are dependent on self-reports, neither of which is
necessarily a reliable index of the strength of the intelligence(s) in question.
But I don’t mean to dismiss such MI assessments: much can be learned
about how people conceive of themselves, and through comparisons of re-
sponse patterns found among and across different groups of subjects.”

Let me mention two other research projects that grew out of the first
wave of interest in MI theory. Working with Robert Sternberg, another
psychologist-critic of standard views of intelligence, my colleagues and I
created a middle school curriculum called Practical Intelligences for
School.® Working with colleagues from the Educational Testing Service, my
colleagues and I developed a set of curriculum-and-assessment instruments
designed to document learning in three art forms—graphic arts, music,
and literary expression.”

To my surprise and pleasure, interest in multiple intelligences survived
the transition to the 1990s. By that time I was prepared to undertake sev-
eral new activities, variously related to MI theory. The first was purely
scholarly. Building on the notion of different kinds of intelligences, I car-
ried out case studies of individuals who stood out, putatively, as remarkable
in terms of their particular profile of intelligences. This line of work led to
my books on creativity (Creating Minds),"" leadership (Leading Minds),"!
and extraordinary achievement, more broadly (Extraordinary Minds).12
You can see that I was getting a lot of mileage by injecting book titles with
the term mind!

The second was an extension of the theory. In 1994-1995 I took a
sabbatical and used part of that time to consider whether, as some had
proposed, there was convincing evidence for the existence of new intel-
ligences. I concluded that there was ample evidence for a naturalist in-
telligence (the ability to make consequential distinctions among organisms
and entities in the natural world); and suggestive evidence as well for a
possible existential intelligence (“the intelligence of big questions”).13 I
also explored the relation between intelligences—which I construe as
biopsychological potentials—and the various domains and disciplines that
exist in various cultures. While intelligences may possess the same names
as cultural activities, they are not the same thing: as one example, the per-
formance of music entails several intelligences (among them bodily and
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interpersonal); as another example, individuals strong in spatial intelli-
gences can pursue a range of careers and avocations (running the gamut
from sculpture to surgery). What we know and how we parse the world
may well reflect in part the intelligences with which our species has
been endowed.
I also proposed three distinct uses of the term intelligence'*:
* A property of all human beings (All of us possess these 8 or 9 intel-
ligences)
* A dimension on which human beings differ (No two people—mnot even
identical twins—possess exactly the same profile of intelligences)
¢ The way in which one carries out a task in virtue of one’s goals (“Joe
may have a lot of musical skill, but his interpretation of that Bach
partita reflects little intelligence”)

A third activity featured a more proactive relationship to the uses and
interpretations of my theory. For the first decade after publication, I had
been content simply to observe what others were doing and saying in the
name of MI theory. But by the middle 1990s, I had noticed a number of
misinterpretations of the theory. As one example, the concept of intelli-
gences was often conflated with that of learning styles; in fact, an intelligence
(the computing power of an individual’s musical or spatial or interpersonal
capacity) is not at all the same as a style (the way in which one allegedly ap-
proaches a range of tasks). As another example, T noted the frequent con-
founding of a human intelligence with a societal domain (e.g., musical
intelligence being misleadingly equated with mastery of a certain musi-
cal genre or role). I had also learned of practices that I found offensive—
for example, describing different racial or ethnic group in terms of their
characteristic intellectual strengths and deficiencies. And so, for the first time,
I began publicly to differentiate my “take” on MI from that of others who
had learned about and tried to make use of the theory.15 And T acquired
considerable concern about the responsibilities that attend to individuals
who put forth ideas that become well known. This heightened concern ul-
timately led me, and other colleagues, to an ambitious study of professional
responsibility, which came to be known as the GoodWork Project. '

A final feature of this second 1990s phase entailed a more active in-
volvement with educational reform. This involvement took both a practi-
cal and a scholarly form. On the practical level, my colleagues and I at
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Harvard Project Zero began working with schools as they attempted to im-
plement MI practices and other educational programs that we had devel-
oped, such as one focused on teaching for understanding and, more
recently, applications emerging from the GoodWork Project. In 1995 we
also launched a summer institute, which continues until today and attracts
practitioners and scholars from around the world.!”

On the scholarly side, I began to articulate my own educational phil-
osophy. In particular, I focused on the importance in the precollegiate
years of achieving understanding in the major disciplines—science, math-
ematics, history, and the arts. For a host of reasons, achieving such un-
derstanding proves quite challenging. Efforts to cover too much material
lead to superficial recall and doom the achievement of genuine under-
standing. As has been documented in countries with effective educational
systems, learners are more likely to achieve enhanced understanding if
they (or we) probe deeply into a relatively small number of topics. And
once the decision is made to “uncover” rather than “cover,” it is possible
to take advantage of our multiple intelligences. Put concretely, we can ap-
proach topics in a number of ways (often termed different “entry points”
to the same topic), we can make use of analogies and comparisons drawn
from a range of domains, and we can express the key notions or concepts
in a number of different symbolic forms.'®

In light of three decades of research and reflection, I can summarize
the educational implications of MI theory quite crisply—the so-called
elevator speech. An educator convinced of the relevance of MI theory
should individualize and pluralize. By individualizing, T mean that the ed-
ucator should know as much as possible about the intelligences profile of
each student for whom he has responsibility; and, to the extent possible,
the educator should teach and assess in ways that bring out that child’s ca-
pacities. By pluralizing, I mean that the educator should decide on which
topics, concepts, or ideas are of greatest importance, and should then pres-
ent them in a variety of ways. Pluralization achieves two important goals:
when a topic is taught in multiple ways, one reaches more students. Addi-
tionally, the multiple modes of delivery convey what it means to under-
stand something well. When one has a thorough understanding of a topic,
one can typically think of it in several ways, thereby making use of one’s
multiple intelligences. Conversely, if one is restricted to a single mode of
conceptualization and presentation, one’s own understanding (whether
teacher or student) is likely to be tenuous.
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This line of analysis has led to a perhaps surprising conclusion. Multi-
ple intelligences should not—in and of itself—be an educational goal. Ed-
ucational goals need to reflect one’s own (individual or societal) values, and
these values can never come simply or directly from a scientific theory.
Once one reflects on one’s educational values and states one’s educational
goals, however, the putative existence of our multiple intelligences can
prove very helpful. And, in particular, if one’s educational goals encompass
disciplinary understanding, then it is possible to mobilize our several in-
telligences to help achieve that lofty goal—for example, by employing mul-
tiple modes of presentation and diverse forms of assessment.

Since the turn of the millennium, my relationship to MI theory has
been less intimate. The infant and child that was MI theory is now a young
adult: as a parent and grandparent, I know that it is best for the theory to
make its own way, without excessive managing from its forbears. Nonethe-
less, I have continued to be involved in several ways.

First of all, when possible, I have continued to help out institutions that
want to apply the idea of multiple intelligences. (And when not able to do
so myself, I am fortunate enough to have a small cohort of MI colleagues
to whom I can turn.) In addition to the Key Learning Community, I've had
a long-standing relationship with the New City School in St. Louis, Mis-
souri, an impressive middle school that has pioneered many MI applica-
tions and also featured the first MI library. In 2005 T was excited to learn
of the Explorama at the Danfoss Universe Theme Park in southwestern
Denmark. This facility, consisting of dozens of games and exercises, repre-
sents an optimal instantiation of MI ideas. Each of the displays mobilizes a
distinct set of intelligences, and by predicting one’s own performance pro-
file, one can even assess one’s own intrapersonal intelligence. I've also lent
a hand, upon request, to any number of schools, libraries, museums, and
workplaces that seek to base practices on MI ideas or materials.!?

While MI interest first occurred in the United States, it soon spread to
the corners of the globe. The ideas have been particularly pursued in Latin
America, Scandinavia, Southern Europe, Australia, the Philippines, Korea,
and China. Interest in England, France, Germany, Russia, and Japan has
been less salient—though I have had a wonderful alliance for over a decade
with the dedicated band that constitutes the MI Society of Japan. Taking
note of these international trends, and energized by a symposium organ-
ized in 2006 by Branton Shearer, my colleagues Jie-Qi Chen, Mindy Korn-
haber, Seana Moran, and I decided to sponsor a conference and edit a book
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on the theme “Multiple Intelligences Around the World.” Published in
2009, the book features forty-two authors from fifteen countries, on five
continents, each detailing experiences with MI ideas and practices. Of
course, I take pride in the numerous ingenious ways in which these ideas
have been used and adapted. As an inveterate social scientist, I've also been
intrigued by the many (and not always consistent) ways in which the ideas
have been understood, and have sought, when possible, to relate these ap-
plications to conditions in the particular country or region of the world.

As just one example, let me mention the case of China. Though I had
visited China several times in the 1980s and even written a book about my
experiences there, T was unprepared for the overwhelming interest in MI
ideas in China. In 2004 a conference on MI featured 2,500 papers, and I
learned that there were at least a hundred books on multiple intelligences
in Chinese. Naturally, I was curious to understand the reasons. From a
journalist I met in Shanghai, I received a wonderful answer. She said to
me, “In America, when people hear about ML, they think of their child.
She may not be good in math, or in music, but she has wonderful inter-
personal intelligence, they declare. In China,” she went on, “these are sim-
ply eight areas in which we want all our children to excel.” When I
returned to China six years later, I learned that a great many schools, par-
ticularly for young children, claim to be based on MI ideas. Again, I
queried widely why this was the case. I received a surprising reply from
one informant, who said, “If we had a psychologist in China who was push-
ing for progressive ideas in education, we would not need to quote the
words or ideas of Howard Gardner. We don't. In the absence of such a per-
son, mentioning you and your ideas is a good way to open up our rather
rigid educational system.”

A third activity in which I've been involved entails efforts to answer the
most frequent critiques of MI theory. In 2006 anthologist Jeffrey Schaler
put together a book called Howard Gardner Under Fire*® and invited thir-
teen scholars to critique my work. By prior arrangement, only four of them
wrote directly about MI theory, but several others criticized it in passing.
In 2009, psychologist and assessment expert Branton Shearer published a
collection called MI at 25.2! Here a wide range of scholars—including lin-
guist Noam Chomsky, psychologists Mihaly Csikszentmihalyi and Michael
Posner, educators Deborah Meier and Linda Darling-Hammond, and po-
litical analyst Charles Murray—put forth their own assessments and criti-
cisms of the theory. With respect both to the Schaler and Shearer volumes,
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I composed detailed responses to each of the critics. While few scholars—
or, for that matter, nonscholars—cherish criticism, there is no doubt that I
learned a good deal from having to grapple with this wide range of discus-
sion. In recent years I have also authored and coauthored several direct re-
sponses to criticisms of the theory in psychological and educational journals.??

While it is not possible to detail these discussions—which encompass
hundreds of pages—it may be useful to mention the kinds of criticisms
that I take seriously, as opposed to those that are of little interest to me. I
am very interested in discussions of the particular criteria that I've put
forth, and the extent to which particular candidate intelligences do, or do
not, meet these criteria. Analysis of the possible cultural biases in the list
also interest me. Empirical evidence on the relationship, or lack of rela-
tionship, among different candidate intelligences is central to my concerns.
And of course, I'd like to know how constant or changing are an individ-
ual’s configuration of intelligences over the course of a lifetime.

However, I am not engaged by quarrels about the term intelligence, or
the way that I define it; by efforts to restrict intelligence only to academic
problem-solving skills; or by performances on instruments that do not sam-
ple intellectual abilities in an “intelligence-fair” way. Put concretely, I'm
much more interested in measures of interpersonal intelligence that ex-
amine directly how a person works with a group of peers than in paper-
and-pencil measures that involve selecting the correct answer out of a
multiple-choice array.

In speaking of measurement, I touch on the issue about which psy-
chologists interested in intelligence have spilled the most liquid or elec-
tronic ink. Having put forth the theory, they maintain, I should be required
to test it and, on the basis of the results of those tests, either revise or scut-
tle the theory. In their view the fact that I've elected not to become a psy-
chometrician is no defense! I can well understand their loyalty to their
instrumentation and to their way of thinking. Moreover, as a scholar, I do
monitor efforts by others to test the theory—taking particular pleasure, of
course, in those empirical studies that support the general enterprise. I
was also gratified that a team of researchers, led by Mindy Kornhaber, doc-
umented the positive experiences of forty-one American schools that were
inspired by MI ideas.23 At the same time, however, I must stress that I've
never felt that MI theory was one that could be subjected to an “up and
down” kind of test, or even series of tests. Rather, it is and has always been
fundamentally a work of synthesis; and its overall fate will be determined
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by the comprehensiveness of the synthesis, on the one hand, and its util-
ity to both scholars and practitioners, on the other.

The reader may have noted that I've not mentioned changes in the
theory itself, along the lines that occurred in the first ten or fifteen years
after the publication of Frames of Mind. In fact, the theory has remained
relatively constant in the past decade. I've considered the possibility of an
additional intelligence—pedagogical intelligence, or the ability to teach
others—but have not done the systematic study needed before its addi-
tion to The List. I've collaborated on various reviews and updates of the
theory, including a definitive up-to-date summary of the theory, with Katie
Davis, Scott Seider, and Joanna Christodoulou.2* But my own scholarly in-
terests have moved in new directions. It is probably the case that signifi-
cant revisions of the theory will need to be undertaken by persons other
than myself.

As already noted, my major scholarly work since the middle 1990s, the
GoodWork Project, has focused on how professionals act responsibly.
Though the work was stimulated in part by misapplications of MI theory,
it has had a relatively independent life. On a trip to Manila in 2005, T was
quite moved to learn that Mary Joy Abaquin, founder of an MI school, had
succeeded in wedding my two interests. Since that time, Mary Joy has pre-
sented awards each year to individuals who are outstanding in one or more
of the intelligences, while at the same time putting those intelligences to
use in the service of the wider community. Few things could make a
scholar more pleased than the discovery that someone has been able to
effect a powerful relationship—and for that matter, a practical one—
between two major lines of work, each of which he has pursued for decades.

This, then, is how the first decades of multiple intelligences look to me.
I am grateful to the many individuals who have taken an interest in the
theory—both within my research group and across the country and the
globe. T have tried to be responsive to their inquiries and to build on what
they have taught me. And I have come to realize that once one releases an
idea—a “meme”—into the world, one cannot completely control its be-

havior, anymore than one can control those products of our genes called
children. Put succinctly, MI has and will have a life of its own, over and
above what I might wish for it, my most widely known intellectual offspring.

I've already indicated that the future of MI theory lies primarily in the
minds—and the hands—of individuals other than myself. Still, it may be
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appropriate for me to step back, for a moment, and consider what lines of
work might be undertaken by interested parties.

To begin with, there will be efforts to propose new intelligences. In re-
cent years, in addition to the explosion of interest in emotional intelli-
gences, there have been serious efforts to describe a spiritual intelligence
and a sexual intelligence. My colleague Antonio Battro® has proposed
the existence of a digital intelligence and has indicated how it may fulfill
the criteria that I have set forth. The noted cognitive neuroscientist
Michael Posner has challenged me to consider “attention” as a kind of in-
telligence.?® I've also mentioned my own recent interest in the possibility
of a pedagogical intelligence.

I have always conceded that in the end, the decision about what counts
as an intelligence is a judgment call—not an unambiguous determination
following the rigorous application of an algorithm. So far, I am sticking to
my 8% intelligences, but I can readily foresee a time when the list could
grow, or when the boundaries among the intelligences might be reconfig-
ured. For example, to the extent that the so-called Mozart effect gains
credibility, one might want to rethink the relation between musical and spa-
tial intelligences. Other hot spots might include whether logical and math-
ematical intelligences should be split up into separate intelligences, or
whether other candidate intelligences—for example, dealing with healing
or with spiritual matters—might be proposed in cultural groups with which
I am not familiar.

Much work needs to be done on the question of how the intelligences
can best be mobilized to achieve specific pedagogical goals. I do not be-
lieve that educational programs created under the aegis of MI theory lend
themselves to the kinds of randomized control studies that the U.S. gov-
ernment is now calling for in education. But I do believe that well chor-
eographed “design experiments” can reveal the kinds of educational
endeavors where an MI perspective is appropriate and where it is not. To
state just one example, T think that MI approaches are particularly useful
when a student is trying to master a challenging new concept

say, grav-
ity in physics, or the Zeitgeist in history. For a long time T was skeptical
that MI ideas can be useful in mastering a foreign language—but I've
been impressed by the numerous teachers of foreign languages who claim
success using MI approaches for both motivational and conceptual pur-
poses. Also, I think that the potential of MI ways of thinking for dealing
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with various kinds of learning problems has hardly been scratched. I am
enormously enthusiastic about the efforts of David Rose, my valued col-
league, and others at his organization cast.org, to create curricula that can
address the full range of learners. As Rose puts it, we should not think of
students as disabled; we should instead consider whether our curricula may
be disabled.

Were I personally granted more time and energy to explore the rami-
fications of MI theory, I would devote those precious gifts to two endeav-
ors. First of all, as indicated above, T have become increasingly fascinated
by the ways in which societal activities and domains of knowledge emerge
and become periodically reconfigured. Any complex society has 100-200
distinct occupations at the least; and any university of size offers at least
fifty different areas of study. Surely these domains and disciplines are not
accidents, nor are the ways that they evolve and combine simply random
events. The culturally constructed spheres of knowledge must bear some
kind of relation to the kinds of brains and minds that human beings have,
and the ways that those brains and minds grow and develop in different
cultural settings. Put concretely, how does human logical-mathematical in-
telligence relate to the various sciences, mathematics, and computing soft-
ware and hardware that have emerged in the past few thousand years, and
those that may emerge one year or a hundred years from now? Which
makes which, or, more probably, how does each shape the other? Will
computers augment or even substitute for particular intelligences or com-
binations of intelligences? How does the human mind deal with interdis-

ciplinary studies—are they natural or unnatural cognitive activities? Or to
be a bit wild, what would MI perspectives reveal about dogs or birds or
other primates? Or, for that matter, robots or smart machines? I would
love to be able to think about these issues in a systematic way.

Second, from the start, one of the appealing aspects of MI theory was
its reliance on biological evidence. In the early 1980s there was little rele-
vant evidence from genetics or evolutionary psychology; such speculations
were mere handwaving. There was, however, powerful evidence from the
study of neuropsychology for the existence of different mental faculties;
and—whatever new details may emerge—that evidence constituted the
strongest leg on which to justify M1 theory.

Of course, knowledge has accumulated at a phenomenal rate in both
brain science and genetics. At the risk of seeming hyperbolic, I am pre-
pared to defend the proposition that we have learned as much from 1981
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to 2011 as we did in the previous 500 years. As an amateur geneticist and
neuroscientist, I have tried as best I can to keep up with the cascade of
new findings from these areas. I can say with some confidence that no find-
ings have radically called into question the major lines of MI theory. But I
can say with equal confidence that, in light of the findings of the past three
decades, the biological basis of MI theory needs urgently to be brought up
to date.

At the time that MI theory was introduced, it was very important to
make the case that human brains and human minds are highly differenti-
ated entities. It is fundamentally misleading to think about a single mind,
a single intelligence, a single problem-solving capacity. As an acquaintance
recently remarked, exposure to the idea of multiple intelligences made
her see in Technicolor what had previously appeared to be only in black
and white! And so, along with many others, I tried to make the argument
that the mind/brain consists of many modules/organs/intelligences, each
of which operates according to its own rules in relative autonomy from
the others.

Happily, nowadays the argument for modularity is largely established.
Even those who believe strongly in general intelligence and across-the-board
skills feel the need to defend their position, in a way that was unnecessary
in decades past. But it is time to revisit the issue of the relationship be-
tween general and particular intelligences. This revisiting can and is being
done in various intriguing ways. Psychologist Robbie Case proposed the
notion of central conceptual structures—broader than specific intelligences
but not as all-encompassing as Piagetian general intelligence.?” Philoso-
pher Jerry Fodor contrasts impenetrable dedicated modules with a per-
meable central system.28 The team of Marc Hauser, Noam Chomsky, and
Tecumseh Fitch suggests that the unique quality of human cognition is its
capacity for recursive thinking; perhaps it is recursion that characterizes
advanced thinking in language, number, music, social relations, and other
realms.2? Electrophysiological and radiological studies indicate that various
brain modules may already be activated in newborns. Neural imaging stud-
ies of individuals solving IQ-style problems suggest that certain areas of
the brain are most likely to be drawn on for these kinds of problems; and
there may be evidence for genes that contribute to unusually high 1Q), as
there clearly are genes that cause retardation. Indeed, our own case stud-
ies of unusually high performances suggests a distinction between those
who (like musicians or mathematicians) are outstanding in one area, as op-
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posed to those generalists (politicians or business leaders) who display a
relatively flat profile of cognitive strengths. I think it would be worthwhile
to study in detail the differences between those who deploy a focused laser
intelligence and those who display an ever-vigilant and shifting searchlight
intelligence.

Were I granted another lifetime or two, I would like to rethink the na-
ture of intelligence with respect to our new biological knowledge, on the
one hand, and our most sophisticated understanding of the terrain of
knowledge and societal practice, on the other—another Project on Human
Potential, perhaps! I don't expect this wish to be granted. But I am glad
to have had the chance to make an opening move some thirty years ago, to
have been able to revisit the gameboard periodically, to get to know and
to work with wonderful colleagues in many corners of the globe, and to lay
out this problematic so that other interested players can have their chance
to engage.

Note: For their useful comments on earlier drafts of this introduction,
I thank Jie-Qi Chen, Katie Davis, Mindy Kornhaber, Scott Seider, and
Ellen Winner.

Howard Gardner
November 2010
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INTRODUCTION TO THE
TENTH-ANNIVERSARY EDITION, 1993

In his dreams, every author envisions a wonderful career for the book on
which he is working. Still, while writing Frames of Mind, 1 did not antici-
pate that the book would find a receptive audience in so many circles
across so many lands. And I certainly did not expect to have the privilege
of introducing a tenth-anniversary edition of the book.

While working on Frames of Mind, 1 viewed it principally as a contri-
bution to my own discipline of developmental psychology and, more
broadly, to the behavioral and cognitive sciences. I wanted to broaden con-
ceptions of intelligence to include not only the results of paper-and-pencil
tests but also knowledge of the human brain and sensitivity to the diver-
sity of human cultures. Although I discussed the educational implications
of the theory in the closing chapters, my eyes were not beamed toward
the classroom. In fact, however, the book has exerted considerable influ-
ence in educational quarters: my colleagues and I at Harvard Project Zero
have undertaken several educational experiments inspired by “MI theory,”
and there have been numerous other attempts to apply the theory to par-
ticular educational environments. In the companion volume to this book—
Multiple Intelligences: The Theory in Practice (Gardner 1993)—I review
the principal ways in which the theory has entered into contemporary ed-
ucational discourse.

Here, in this new introduction to Frames of Mind (which incorporates
portions of the introduction to its first paperback edition in 1985), T have five
aims: to summarize the principal themes of Frames of Mind; to situate MI
theory within the history of studies of intelligence; to relate Frames of Mind

Xxvil



xxviil Introduction to the Tenth-Anniversary Edition

to my more recent work; to respond to some of the principal criticisms lev-
eled at MI theory; and to forecast possible future work. At the end of this
introduction are bibliographical references for materials that are not
treated further in the book itself.

The Principal Themes of Frames of Mind

At the time I wrote Frames of Mind, I had not fully anticipated the extent
to which most people continued to adhere to two assumptions about in-
telligence: first, that it is a single, general capacity that every human being
possesses to a greater or lesser extent; and that, however defined, it can be
measured by standardized verbal instruments, such as short-answer, paper-
and-pencil tests. In an effort to help new readers to enter the work, and to
forestall these widely held but ultimately untenable conceptions, I ask you
to perform two thought experiments.

First of all, try to forget that you have ever heard of the concept of in-
telligence as a single property of the human mind, or of that instrument
called the intelligence test, which purports to measure intelligence once
and for all. Second of all, cast your mind widely about the world and think

of all the roles or “end states”™—vocational and avocational—that have been

prized by cultures during various eras. Consider, for example, hunters, fish-
ermen, farmers, shamans, religious leaders, psychiatrists, military leaders,
civil leaders, athletes, artists, musicians, poets, parents, and scientists. Hon-
ing in closer, then, consider the three end states with which I begin Frames
of Mind: the Puluwat sailor, the Koranic student, and the Parisian com-
poser at her microcomputer.

In my view, if we are to encompass adequately the realm of human cog-
nition, it is necessary to include a far wider and more universal set of com-
petences than we have ordinarily considered. And it is necessary to remain
open to the possibility that many—if not most—of these competences do
not lend themselves to measurement by standard verbal methods, which
rely heavily on a blend of logical and linguistic abilities.

With such considerations in mind, I have formulated a definition of
what I call an “intelligence.” An intelligence is the ability to solve prob-
lems, or to create products, that are valued within one or more cultural
settings—a definition that says nothing about either the sources of these
abilities or the proper means of “testing” them.
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Building upon this definition, and drawing especially on biological and
anthropological evidence, I then introduce eight distinct criteria for an in-
telligence. As set forth in Chapter 4, these criteria range from the isola-
tion of a capacity as a result of brain damage to the susceptibility of a
capacity to encoding in a symbolic system. Then, in Part IT of the book, I
describe in detail each of the seven candidate intelligences: the linguistic
and logical-mathematical intelligences that are at such a premium in
schools today; musical intelligence; spatial intelligence; bodily-kinesthetic
intelligence; and two forms of personal intelligence, one directed toward
other persons, one directed toward oneself.

Following the introduction of the intelligences and a description of
their respective modes of operations, I present a critique of the theory in
terms of those deficiencies most evident to me at the time of writing, 1
conclude with some considerations of how intelligences do—and can—
develop within a culture, and of how they can be mobilized in various ed-
ucational settings.

When one puts forth a new theory, it is sometimes helpful to indicate
the perspectives to which it is most radically opposed. This tack seems es-
pecially important in light of the critics who have been unable—or
unwilling—to abandon these traditional perspectives. I introduce two ex-
hibits in this regard. First, an advertisement for an intelligence test begins:

Need an individual test which quickly provides a stable and reliable es-
timate of intelligence in 4 or 5 minutes per form? Has three forms? Does
not depend on verbal production or subjective scoring? Can be used with
the severely physically handicapped (even paralyzed) if they can signal
yes—no? Handles two-year-olds and superior adults within the same short

series of times and the same format?

and continues in this vein. Whatever might be the value of this test, I can
state unequivocally that the description of it implies an illusory wonder-
land of testing. Furthermore, I am equally suspicious of claims to test in-
telligence (whatever it might be) by means of reaction-time measures or
brain waves. That these measures may well correlate with 1Qs is, from my
perspective, all the more reason for calling 1Qs into question.

My second exhibit comes from a more venerable source—a well-known
quotation from Samuel Johnson. The redoubtable doctor once defined
“true genius” as “a mind of large general powers, accidentally determined
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to some particular direction.” While I do not question that some people
may have the potential to excel in more than one sphere, I strongly chal-
lenge the notion of large general powers. To my way of thinking, the mind
has the potential to deal with several different kinds of content, but a per-
son’s facility with one content has little predictive power over his or her fa-
cility with other kinds. In other words, genius (and, a fortiori, ordinary
performance) is likely to be specific to particular contents: human beings
have evolved to exhibit several intelligences and not to draw variously on
one flexible intelligence.

Studies of Intelligence

As I attempt to situate my own work within the broader history of efforts
to conceptualize intelligence, I find it useful to divide the historical con-
tinuum into loosely sequential phases: lay theories, the standard psycho-

metric approach, and pluralization and hierarchization.

Lay Theories. For most of human history, there was no scientific defini-
tion of intelligence. No doubt people spoke often enough about the con-
cept of intelligence and labeled others as more or less “bright,” “dull,”
“clever,” or “intelligent.” Outstanding figures as diverse as Thomas Jeffer-
son, Jane Austen, Frederick Douglass, and Mahatma Gandhi could all be
called “smart.” Such informal discussion sufficed in ordinary parlance, but
chiefly because people rarely challenged one another on just what was
meant by intelligent.

The Standard Psychometric Approach. Just about a century ago, psychol-
ogists made the first efforts to define intelligence technically and to devise
tests that would measure it (see the opening pages of Chapter 2). In many
ways, these efforts represented an advance and a singular success for sci-
entific psychology. Nonetheless, in light of factors for which the pioneers
cannot be blamed, there has been considerable abuse of “IQ testing” on
the streets and surprisingly little theoretical advance within the psycho-
metric community proper (Gould 1981).

Pluralization and Hierarchization. The first generation of psychologists of
intelligence, such as Charles Spearman (1927) and Lewis Terman (1975),
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tended to believe that intelligence was best conceptualized as a single gen-
eral capacity for conceptualization and problem solving. They sought to
demonstrate that a group of scores on tests reflected a single underlying
factor of “general intelligence.” It was probably inevitable that this con-
tention would be challenged; and, over the years, such psychologists as
L. L. Thurstone (1960) and J. P. Guilford (1967) argued for the existence
of a number of factors, or components, of intelligence. In the broadest
sense, Frames of Mind is a contribution to this tradition, although it differs
principally in the sources of evidence on which it relies. Whereas most plu-
ralists defend their position by stressing the low correlations among groups
of tests, I have based MI theory on neurological, evolutionary, and cross-
cultural evidence.

Having posited several components of intelligence, one must then
question how and whether they relate to one another. Some scholars, such
as Raymond Cattell (1971) and Philip Vernon (1971), argue for a hierar-
chical relationship among factors, seeing general, verbal, or numerical in-
telligence as presiding over more specific components. Other scholars,
such as Thurstone, however, resist the urge to create a hierarchy of fac-
tors, and claim that each should be considered as an equivalent member
of a heterarchical structure. These three phases take us up to the publica-
tion of Frames of Mind in 1983. In the subsequent decade, I discern at
least two new trends: contextualization and distribution.

Contextualization. Reflecting a general trend within the behavioral sci-
ences, researchers have become increasingly critical of psychological
theories that ignore crucial differences among the contexts within which
human beings live and develop. Being a human being in a contemporary
postindustrial society is an entirely different matter from being a human
being during the Neolithic or the Homeric eras, or, for that matter, from
being one who lives in a preliterate or a Third World setting today. Rather
than assuming that one would possess a certain “intelligence” independent
of the culture in which one happens to live, many scientists now see intel-
ligence as an interaction between, on the one hand, certain proclivities and
potentials and, on the other, the opportunities and constraints that char-
acterize a particular cultural setting. According to the influential theory of
Robert Sternberg (1985), part of intelligence is one’s sensitivity to the vary-
ing contents around one. In more radical formulations inspired by the work
of the Soviet psychologist Lev Vygotsky (1978), some researchers investigate
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differences among cultures and their practices, rather than differences
among individuals (Lave 1988).

Distribution. Although the idea of distribution echoes that of contextual-
ization, a “distributed view” focuses on the relation of the person to the
things/objects in the immediate environment, rather than on the strictures
and values of the larger culture or context. On the traditional “individual-
centered” view adhered to in the first three phases of intelligence theory,
one’s intelligence is carried within one’s head; in principle, that intelligence
could be measured in isolation. According to the distributed view, however,
one’s intelligence inheres as much in the artifacts and individuals that sur-
round one as in one’s own skull. My intelligence does not stop at my skin;
rather, it encompasses my tools (paper, pencil, computer), my notational
memory (contained in files, notebooks, journals), and my network of asso-
ciates (office mates, professional colleagues, others whom I can phone or to
whom I can dispatch electronic messages). A forthcoming book, entitled
Distributed Cognition, sets forth the principal principles of a distributed
view (Salomon, in press); see also the useful book Perspectives on Socially
Shared Cognition, authored by Lauren Resnick and her colleagues (1991).

With the benefit of hindsight, I can point to hints of contextualization
and distribution in the first edition of Frames of Mind. In presenting spa-
tial intelligence, for example, I emphasized the extent to which the ex-
pression of that intelligence is determined by the opportunities afforded in
various cultures (ranging from sailing to architecture to geometry to chess),
and also the value of various tools and notations in enhancing the intelli-
gences of the growing child. Yet, I think it fair to say that in 1983 I centered
the multiple intelligences far more within the skull of the single individual
in 1983 than I would one decade later.

Will intelligence continue to move beyond the brain of the individual
into the realm of the artifacts and contexts of the wider culture? A large
part of the research community, and particularly that influenced by trends
on the European continent or in Asia, would respond “yes.” From that per-
spective, the exclusive focus of intelligence on the skills and flexibility of
the single individual reflects a peculiarly Anglo-American bias. But those
who favor the standard psychometric approach to cognition or intelligence
have by no means laid down their disputational weapons.

Indeed, in the past decade, there have been renewed efforts to sup-
port the traditional views of intelligence and its operation in intelligence
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tests. Scholars such as Arthur Jensen (1980) and Hans Eysenck (1981) have
not only maintained their belief in the singularity of intelligence but also
have supplemented their long-term loyalty to psychometric instruments
with fresh enthusiasm about the brain-basis of intelligence. They now con-
tend that intelligence reflects a basic property of the nervous system and
can be assessed electrophysiologically, without recourse to paper-and-
pencil instruments. A younger colleague, Michael Anderson (1988), has
amassed evidence to suggest that such indices of intelligence can be as-
certained even among infants. And perhaps most dramatically, Thomas
Bouchard and his colleagues (1990) at the University of Minnesota have
demonstrated a surprisingly high heritability of psychometric intelligence
among a population uniquely situated to provide evidence on this topic:
identical twins reared apart. To the extent that the Bouchard-Jensen-
Eysenck position is correct, there is really no need to pay attention to cul-
tures, contexts, or distributions of intelligence.

What is one to make of this situation, where one part of the “intelli-
gence community” is moving further and further toward social and cul-
tural accounts of intelligence while another part is amassing evidence of
the neurological and genetic basis of intelligence? Can they both be right?
I do not see these two research traditions as necessarily on a collision
course. It could well be that a certain property of the nervous system—
say, speed and flexibility of nerve conduction—is largely inborn and ac-
counts in significant measure for eventual success on certain kinds of
paper-and-pencil measures. So far as this is so, the “tough-minded” wing
of intelligence studies will continue to be tenable. At the same time, it could
well be that the forms in which intelligence is expressed outside a test sit-
uation, and that the ways in which human beings carry out roles in their
culture, remain indefinitely and illuminatingly varied: here the “tender-
minded” approach to intelligence studies will remain an important en-
deavor. A division of explanatory labor is also conceivable: in a recently
published volume, Anderson (1992) stresses the power of the traditional
view for illuminating infant cognition while invoking a multiple intelli-
gences perspective for later development.

I anticipate, however, that the “tough™ and the “tender” will continue
to fight it out rather than merely agree to divide the intelligence terrain.
For example, meeting psychometricians on their own ground, Stephen Ceci
(1990) has shown the many ways in which even performance on the sim-
plest kinds of reaction-time measures are subject to training and cultural
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effects. And, under the label of the “new environmentalism,” my colleague
Robert LeVine (1991) has challenged the inferences drawn from studies of
twins reared apart but within the same American ambience. In his view,
human environments can differ in a multitude of ways, leading to differ-
ences in performance far greater than those observed in twins raised in
what are basically variations of a modern Western middle-class environment.

Frames of Mind and My Recent Work

As T have indicated, much of the work my colleagues and T have under-
taken in the past decade has examined educational implications of MI the-
ory (see Gardner 1993). In particular, we have sought to take into account
the various differences in individual profiles of intelligences within an ed-
ucational setting. Describing an “individual-centered school,” we have ad-
dressed the ways in which each child’s profile of intelligences can be
assessed; the ways in which each child can be aligned with curriculum, par-
ticularly with reference to the way in which that curriculum is presented
to the child; and the ways in which youngsters with particular profiles of
intelligence can be matched up appropriately with educational opportuni-
ties outside the confines of school.

A great deal of our recent effort has been expended on the develop-
ment of means of assessment that are “intelligence-fair™: that allow a meas-
urement of intellectual strengths without going through the “lenses” of
language and logic, as is required in standard paper-and-pencil measures.
At first, we thought it would be possible and desirable to try to measure an
individual’s intelligence in “pure form,” yielding something akin to a seven-
pronged intelligence profile. Increasingly, however, as we came to accept
the contextualization and distribution perspectives, it seemed ill advised,
and perhaps impossible, to attempt to measure “raw” intelligence.

As we now see it, intelligences are always expressed in the context of
specific tasks, domains, and disciplines. There is no “pure” spatial intelli-
gence: instead, there is spatial intelligence as expressed in a child’s puzzle
solutions, route finding, block building, or basketball passing. By the same
token, adults do not exhibit their spatial intelligence directly but are more or
less proficient chess players or artists or geometricians. Thus, we are well
advised to assess intelligences by watching people who already are famil-
iar with and have some skills in these pursuits, or by introducing individ-



Introduction to the Tenth-Anniversary Edition XXXV

uals to such domains and observing how well one can move beyond the
novice stage, with or without specific supports or scaffolding.

This shift in philosophy of assessment reflects what is probably the most
important conceptual advance in MI theory: the distinction among intel-
ligences, domains, and fields. In the original formulation, these distinctions
were not properly drawn, leading to confusion among readers and, not in-
frequently, within my own thinking. But collaborative work with David
Feldman (1980, 1986) and Mihaly Csikszentmihalyi (1988) has provided
me with a well-founded taxonomy.

At the level of the individual, it is proper to speak about one or more
human intelligences, or human intellectual proclivities, that are part of
our birthright. These intelligences may be thought of in neurobiological
terms. Human beings are born into cultures that house a large number of
domains—disciplines, crafts, and other pursuits in which one can become
enculturated and then be assessed in terms of the level of competence one
has attained. While domains, of course, involve human beings, they can
be thought of in an impersonal way—because the expertise in a domain
can in principle be captured in a book, a computer program, or some other
kind of artifact.

There is a relation between intelligences and domains, but it is cru-
cial not to confound these two realms. A person with musical intelligence
is likely to be attracted to, and to be successful in, the domain of music.
But the domain of musical performance requires intelligences beyond the
musical (for example, bodily-kinesthetic intelligence and the personal
intelligences), just as musical intelligence can be mobilized for domains
beyond music in the strict sense (as in dance or in advertising). More gen-
erally, nearly all domains require proficiency in a set of intelligences; and
any intelligence can be mobilized for use in a wide array of culturally avail-
able domains.

During socialization, intercourse occurs principally between the indi-
vidual and the domains of the culture. But once one achieves a certain
competence, the field becomes very important. The field—a sociological
construct—includes the people, institutions, award mechanisms, and so
forth that render judgments about the qualities of individual performances.
To the extent that one is judged competent by the field, one is likely to be-
come a successtul practitioner; on the other hand, should the field prove
incapable of judging work, or should it judge the work as being deficient,
then one’s opportunity for achievement will be radically curtailed.
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The trio of intelligence, domain, and field has proved not only useful
for unraveling a host of issues raised by MI theory but also particularly
fruitful for studies of creativity. As formulated originally by Csikszentmi-
halyi (1988), the felicitous question is: Where is creativity? The answer is
that creativity should not be thought of as inhering principally in the brain,
the mind, or the personality of a single individual. Rather, creativity should
be thought of as emerging from the interactions of three nodes: the indi-
vidual with his or her own profile of competences and values; the domains
available for study and mastery within a culture; and the judgments ren-
dered by the field that is deemed competent within a culture. To the ex-
tent that the field accepts innovation, one (or one’s work) can be seen as
creative; but to the extent that an innovation is rejected, or not understood,
or considered not innovative, it is simply invalid to continue to maintain
that a product is creative. Of course, in the future, the field may choose to
alter its early judgments.

Each of the scholars who has worked on this formulation has put it to
work distinctively. In my own case, I have defined the creative individual
in ways paralleling my definition of intelligence. Specifically, the creative
individual is one who regularly solves problems or fashions products in a
domain, and whose work is considered both novel and acceptable by
knowledgeable members of a field. On the basis of this definition, I have
studied six men and one woman who early in this century were instru-
mental in formulating modern consciousness in the West. Each—Sigmund
Freud, Albert Einstein, Igor Stravinsky, Pablo Picasso, T. S. Eliot, Martha
Graham, and Mahatma Gandhi—exemplifies one of the seven intelligences
(Gardner, in press).

Those interested in the evolution of the theory of multiple intelligences
since 1983 often ask whether additional intelligences have been added—
or original candidates deleted. The answer is that I have elected not to
tamper for now with the original list, though I continue to think that some
form of “spiritual intelligence™ may well exist. It is pertinent to point out
that my notions of “intrapersonal intelligence™ have shifted somewhat in
the past decade. In Frames of Mind, 1 stressed the extent to which intra-
personal intelligence grew out of, and was organized around, the “feeling
life” of the individual. If I were to rework the relevant parts of Chapter 10
today, I would stress instead the importance of having a viable model of
oneself and of being able to draw effectively upon that model in making
decisions about one’ life.
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In addition to work on the educational implications of MI theory, and
the extension of that work to the realm of creativity, I have been involved
in one other line of study that grows out of MI theory. The positing of dif-
ferent intelligences implies two further considerations: Why do human be-
ings possess particular intelligences, and what are the factors that lead
intelligences to develop as they do?

Both of these issues lie near the heart of developmental psychology,
the discipline in which I was trained. And, as it happens, my own work on
intelligence can be seen as part of a general trend in that discipline to con-
sider the different domains or “modules of the mind” (Carey and Gelman
1991; Fodor 1983; Keil 1989). One result of this ongoing research has been
the effort to delineate the different constraints at work in the realms of
the mind: for example, to indicate the kinds of assumption infants make
about the realm of number or causality, the strategies toddlers naturally
invoke in learning natural language, the sorts of concepts children easily
form as opposed to those that are almost impossible to form.

“Constraints” research has revealed that by the end of early childhood,
youngsters have developed powerful and already entrenched theories
about their immediate worlds: the world of physical objects and forces; the
world of living entities; the world of human beings, including their minds.
Surprisingly, and in contradiction to the claims of the great developmen-
talist Jean Piaget (Mussen and Kessen 1983), these naive “conceptions”
and “theories” prove difficult to alter, despite years of schooling. And so it
often happens that the “mind of the five-year-old” ends up unaffected by
the experiences of school. In The Unschooled Mind (1991), I illustrate the
power of these constraints by showing that in every area of the curricu-
lum, the mind of the five-year-old continues to hold sway.

Taken together, the work on multiple intelligences and the work on the
constraints of the mind yield a view of the human being significantly dif-
ferent from the one generally subscribed to a generation ago. In the hey-
day of the psychometric and behaviorist eras, it was generally believed that
intelligence was a single entity that was inherited, and that human beings—
initially a blank slate—could be trained to learn anything, provided that it
was presented in an appropriate way. Nowadays an increasing number of
researchers believe precisely the opposite: that there exists a multitude
of intelligences, quite independent of each other; that each intelligence
has its own strengths and constraints; that the mind is far from unencum-
bered at birth; and that it is unexpectedly difficult to teach things that go
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against early “naive” theories or that challenge the natural lines of force
within an intelligence and its matching domains.

At first blush, this diagnosis would appear to sound a death knell for
formal education. It is hard enough to teach to one intelligence; what about
seven? It is hard enough to teach even when anything can be taught; what
to do if there are distinct limits and strong constraints on human cognition
and learning?

In truth, however, psychology does not directly dictate education
(Egan 1983); it merely helps one to understand the conditions within
which education takes place. One person’s limitation can be another per-
son’s opportunity. Seven kinds of intelligence would allow seven ways to
teach, rather than one. And any powerful constraints that exist in the
mind can be mobilized to introduce a particular concept (or a whole sys-
tem of thinking) in a way that children are most likely to learn it and least
likely to distort it. Paradoxically, constraints can be suggestive and ulti-
mately freeing.

Criticisms of MI Theory

In the course of a decade of discussion, there have been numerous criti-
cisms of MI theory and numerous opportunities for me to attempt to re-
spond to them. Because some of these criticisms and responses are
anticipated in Chapter 11 and discussed in Multiple Intelligences: The The-
ory in Practice, 1 shall here focus on what I believe to be the most impor-
tant issues: terminology, correlation among intelligences, intelligences and
styles, the processes of intelligences, and the risks of repeating the sins of
intelligence testing.

Terminology. Many individuals, though happy to recognize the existence of
different abilities and faculties, balk at the use of the word intelligence.
“Talents are fine,” they say, “but intelligence should be reserved for more
general kinds of capacities.” One can, of course, define words in any way
one likes. In delineating a narrow definition of intelligence, however, one
usually devalues those capacities that are not within that definition’s
purview: thus, dancers or chess players may be talented but they are not
smart. In my view, it is fine to call music or spatial ability a talent, so long
as one calls language or logic a talent as well. But I balk at the unwarranted
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assumption that certain human abilities can be arbitrarily singled out as
qualifying as intelligence while others cannot.

Correlation Among Intelligences. Several critics have reminded me that
there are generally positive correlations (the so-called positive manifold)
among tests for different faculties (for example, space and language). More
generally, within psychology, almost every test of abilities correlates at least
a little bit with other tests of ability. This state of affairs gives comfort to
those who would posit the existence of “general intelligence.”

I cannot accept these correlations at face value. Nearly all current tests
are so devised as to call principally on linguistic and logical faculties. Often
the very wording of the question can tip off the test takers. Accordingly, a
person with the skills important for success on such instruments is likely
to do relatively well even in tests of musical or spatial abilities, while one
who is not especially facile linguistically or logically is likely to be impaired
on such standard tests, even if one has skills in the areas that are allegedly
being tested.

The truth is that we do not yet know how far various intelligences (or,
as I would now say, instantiations of various intelligences) actually corre-
late. We do not know whether someone who has the intelligences to be a
good chess player or architect also has the intelligences to succeed in music
or mathematics or rhetoric. And we will not know until we have devised
means of assessment that are intelligence-fair. At such a time, we may well
find certain correlations among intelligences, and such findings would nat-
urally result in a redrawing of the map of human cognition. I would be very
surprised, however, if most of the intelligences I have defined in this book
were to disappear in the new cartography—but far less so at the emer-
gence of new intelligences or sub-intelligences.

Intelligences and Styles. Many individuals have pointed out that my list of
intelligences resembles lists put out by researchers interested in learning
styles, working styles, personality styles, human archetypes, and the like;
and asked what is new in my formulation. Without question, there will be
overlap between these lists, and I may well be trying to get at some of the
same dimensions as those in the “styles” world. Still, three aspects of my
theory are indeed distinctive.

First of all, I arrived at the seven intelligences by a method I believe to
be unique: the synthesis of significant bodies of scientific evidence about
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development, breakdown, brain organization, evolution, and other kindred
concepts (see Chapter 4). Most other lists are a consequence either of the
correlations among test scores or of empirical observations—for example,
of students in school.

Second, my intelligences are specifically linked to content. I claim that
human beings have particular intelligences because of informational con-
tents that exist in the world—numerical information, spatial information,
information about other people. Most stylistic accounts are assumed to cut
across content: thus, one is said to be impulsive or analytic or emotive
“across the board.”

Third, rather than being analogous to (or even redundant with) styles,
intelligences may well need to cross-cut other kinds of analytic categories.
Perhaps styles are intelligence-specific, or intelligences are style-specific.
There is, in fact, empirical evidence on this issue. In our educational effort
with young children called Project Spectrum (Gardner and Viens 1990),
we have found that certain “working styles” prove to be quite content-
specific. The same child who is reflective or engaged with one content can
turn out to be impulsive or inattentive with another content. Just why this
occurs we do not know; but it cautions against an easy assumption that
styles are independent of content, or that intelligences can be collapsed
with styles.

The Processes of Intelligences. Several sympathetic critics did not question
the existence of several intelligences but criticized me for being purely de-
scriptive. From their vantage point, it is the job of the psychologist to lay
out the processes whereby mental activity is carried out.

I concede that the work in Frames of Mind is largely descriptive. I be-
lieve that such description is an appropriate place to begin—to make the
case for a plurality of intelligences. Certainly nothing in the work in any
way blocks the path toward an exploration of the processes whereby the
intelligences operate; and indeed, at various points in this volume, I offer
suggestions about what processes and operations might be entailed in spa-
tial, musical, and other intelligences.

It is perhaps worth mentioning that, at the time Frames was published,
most psychologists believed that human information processing was best
explained by the serial von Neumann computer. Within a few years, that
allegiance had completely changed, and the so-called parallel-distributed
processing approach was thought to be a superior way of explicating human
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(and artificial) cognition (see Gardner 1987). Perhaps it was just as well
that, in 1983, T inadvertently refrained from offering a detailed processing
characterization of each intelligence since, by 1990, such an account would
have been considered deeply flawed. Still, because advances in science can
come about only through the positing of detailed models that can be
tested, refined, and refuted, I welcome efforts to “model” the different in-
telligences and to figure out how they work together.

Repeating the Sins of Intelligence Testing. Many critics of intelligence and
intelligence testing believe that far from slaying the dragon, I have equipped
it with additional horns or sharpened teeth. In their pessimistic view, seven
intelligences are even worse than one: people can now feel inadequate
across a whole ensemble of realms; and this taxonomy can be used further
to stigmatize individuals and groups (“Johnny is bodily-kinesthetic”; “Sally
is only linguistic”; “All girls are better in X than in Y”; “This ethnic group
excels in M intelligence, while this racial group is better in N intelligence”).

To these critics, let me say at once that MI theory was devised as a sci-
entific theory and not as an instrument of social policy. Like any other the-
ory, it can be put to different uses by different people; it is not possible, and
may not be appropriate, for the originator of a theory to attempt to control
the ways in which it is used. Nonetheless, I am personally opposed to the
misuses implied in these criticisms. I do not think that the abuses of in-
telligence testing ought in any sense to be imported to multiple intelligences
theory. Indeed, I do not believe that it is possible to assess intelligences in
pure form, and the kinds of assessment I favor are entirely different from
those associated with 1Q testing. I discourage efforts to characterize indi-
viduals or groups as exhibiting one or another profile of intelligences.
While at any moment a person or a group might exhibit certain intelli-
gences, this picture is fluid and changing.

Indeed, the very lack of a developed intelligence of one sort can serve
as a motivation for the development of that intelligence. In focusing in
Chapter 14 on the Suzuki method of musical education, I wanted to
demonstrate that a society’s decision to invest significant resources into the
development of a particular intelligence can make the entire society quite
intelligent in that respect. Far from believing that intelligences are set in
stone, I believe that they are subject to being considerably modified by
changes in available resources and, for that matter, in one’s perceptions of
one’s own abilities and potentials (Dweck and Licht 1980). The more one
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believes in the contextual and distributed views of intelligence, the less
sense it makes to posit inherent limits on intellectual achievement.

I am sometimes asked whether I feel upset or betrayed by people who
put my theory or concepts to uses I do not personally favor. Of course, such
practices make me uneasy—but I cannot take responsibility for the uses or
misuses to which my ideas are put by anyone who encounters them in
the marketplace. Still, if someone who has worked with me were to apply
the ideas in a way I could not endorse, I would ask him or her to develop
a separate terminology and to desist from relating the work to my own.

TFuture Work

I assume that there will be continued give-and-take on the controversial
aspects of MI theory; I hope for continued theoretical progress as well.
For that progress I look chiefly to my students, who have already carried
the work forward in ways that I admire (for example, Granott and Gard-
ner, in press; Hatch and Gardner, in press; Kornhaber, Krechevsky, and
Gardner 1990).

There is little question that educational work will continue to be carried
out in the tradition of MI theory. Indeed, that work appears to be ex-
panding with every month. I can no longer keep track of what is being
done, let alone evaluate its quality. In Multiple Intelligences: The Theory
in Practice, I have attempted to assess the state of the art at the present
time. I expect to add to the set of educationally oriented writings assem-
bled there; and I will also continue to serve as a clearinghouse for infor-
mation about experiments and projects being carried out in an MI vein.

Any future work that I may do, building on the work described here, is
likely to take on four forms:

L. Studies of the diverse contexts in which intelligences develop and of
the ways in which they develop in those contexts. I have already
carried out a detailed case study of intellectual options in another
culture, the People’s Republic of China (Gardner 1989); and, with
several other colleagues, I am carrying out research on intelligence
in the particular context of school (Gardner et al., in press).

2. Studies of the phenomena of human creativity and how best to en-
hance it. In my current project on creators of the modern era, I am
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developing a method whereby it should be possible to study the na-
ture of creative work across domains. In so doing, I am investigating
the role played by different intelligences, and by different combina-
tions of intelligences, in human creative achievement of the highest
order. While building on MI theory, this focus on creativity expands
the theory in several respects. Creativity depends upon more than
intelligence: it involves personality factors in respect to the individ-
ual and domain and field factors at work in the larger society.

3. An examination of the ethical dimensions of human intelligences. In-
telligences by themselves are neither prosocial nor antisocial. Goethe
used his linguistic intelligence for positive ends, Goebbels, his for
destructive ones; Stalin and Gandhi both understood other individ-
uals but put their interpersonal intelligences to diverse uses. I am
interested in two ethical dimensions of human intelligence. First,
how can we ensure that every human being develops to the fullest
his or her intellectual potentials? Second, how can we help to en-
sure the use of those intelligences for positive ends rather than for
destructive ones? Both of these issues involve questions of policy
and of “social engineering”—domains as new to me as they are
treacherous. Yet, well into middle age, I feel a responsibility at least
to consider these issues.

4. A consideration of leadership for our times. It has become a truism
that ours is an era devoid of heroes and bereft of leadership. My own
view is that we have a plentiful supply of leaders within domains:
men and women who can, by dint of their achievements, supply
leadership for scholarly disciplines, for the arts, for business, or for
other technical areas. But we desperately lack leadership for the
wider society: people who are able to speak (and to be heard) across
interest groups and distinct areas of technical expertise and to ad-
dress the broad concerns of society, and even of humanity as a whole.

I may have identified one reason for this apparent asynchrony. To pro-
vide leadership in a domain that highlights a certain intelligence, the prin-
cipal requirement is that one excel in that intelligence: other people in that
domain will come readily to follow this leader’s example and to listen to
what he or she has to say (or to watch what he or she does). We might say
workers within a domain already share a common discourse. In the wider
society, however, that person has no automatic, built-in way of attracting
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followers. Rather, a would-be leader must be able to create a story about
that society—a persuasive narrative that accounts for his or her place
within it and one that can link individuals of different intelligences, do-
mains, and allegiances in a more incorporative enterprise.

Just where successful leadership lies is a subject for another day—
though one, I hope, not too far in the future. It is clear to me that the issue
of leadership will—indeed, must—go beyond multiple intelligences. It will
involve capacities not dealt with in the present book—capacities that cut
across intelligences and affect other people in ways that may be as emo-
tional and social as they are cognitive. While from my present vantage
point the best way to start to understand the human mind is to examine
its ditferent frames, its separate intelligences, in the end we must also learn
how to yoke those intelligences together and mobilize them for construc-
tive ends.

Cambridge, Massachusetts
November 1992
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PREFACE, 1983

As indicated in the following note about the Project on Human Potential,
this book had an unusual genesis. It came to be written because of the
foresight and generosity of a foundation that sought clarification of a con-
cept in its charter—"human potential.” The executive director of the foun-
dation, Willem Welling, and the chairman of the board of directors, Oscar
van Leer, conceived of a project to investigate human potential and asked
several of us at the Graduate School of Education at Harvard to respond
to their daunting challenge. The project drew together a group of col-
leagues from diverse backgrounds who have had the chance to collaborate
over the past four years. The story of that collaboration will be related else-
where, but it is germane to record that it has enabled me to range more
broadly and to reflect more probingly about a gamut of issues than T could
have done without the flexible support of the van Leer Foundation. My
first and greatest debt is to Willem Welling, Oscar van Leer, and their as-
sociates at the Bernard van Leer Foundation.

I wish to thank my senior colleagues on the Project on Human
Potential—Gerald Lesser, Robert LeVine, Israel Scheffler, and Merry
White—for their continuous and continuing stimulation, constructive criti-
cism, and support. Our interactions have genuinely changed the way in
which I think about many issues and have helped materially with the writ-
ing and rewriting of this book. From the first, I have been blessed with in-
credibly talented, insighttul, and hard-working research assistants, and I want
to thank them individually and mention their area of contribution to this
study: Lisa Brooks (genetics), Linda Levine (psychology), Susan McConnell
(neurobiology), Susan Pollak (history and philosophy), William Skryzniarz
(international development), and Claudia Strauss (anthropology). In a day
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when scholarship is little esteemed among talented young persons, they have
shown exemplary independence and dedication: T am pleased that they are
all pursuing careers in the world of scholarship. Other members of the proj-
ect to whom I am indebted in various ways include Leonie Gordon, Margaret
Herzig, Francis Keppel, Harry Lasker, and Lois Taniuchi. For their gener-
ous administrative support, I wish to thank deans Paul Ylvisaker and Blenda
Wilson and, more recently, deans Patricia Graham and Jerome Murphy.

While, in the first instance, this book is a report on human potentials
as viewed from a psychological perspective, it also represents an effort to
pull together findings from two lines of research that I have been pursu-
ing over the past dozen years. One line is the development, in normal and
gifted children, of symbol-using capacities, particularly in the arts—a line
I have been carrying out at Harvard Project Zero. The other has been the
breakdown of cognitive capacities in individuals suffering from brain dam-
age, which I have been pursuing at the Boston Veterans Administration
Medical Center and the Boston University School of Medicine. A con-
ception of different intelligences—the “frames of mind” of my title—has
emerged as the most appropriate and comprehensive way of conceptual-
izing the human cognitive capacities whose development and breakdown
I have been studying. 1 am gratetul to have the opportunity to present in
this volume the theoretical framework that has emerged from these efforts
at synthesis, and to offer some tentative suggestions about the educational
implications of the framework. And I want to take this opportunity to thank
the various agencies that have generously supported my research over ten
vears: the Veterans Administration, which granted me a sabbatical so that
I could concentrate on this synthesis; the Department of Neurology of
Boston University School of Medicine; the Medical Research Division
of the Veterans Administration; and the National Institute of Neurological
Diseases, Communication Disorders, and Stroke, all of which have sup-
ported my work in neuropsychology; and, for their support of the work
of my colleagues and me at Harvard Project Zero on normal and gifted
children, the Spencer Foundation, the Carnegie Corporation, the Markle
Foundation, the National Science Foundation, and the National Insti-
tute of Education. A large debt is owed to that innovative institution the
MacArthur Foundation, which furnished me much-needed security dur-
ing a perilous period for researchers in the social sciences.

I want finally to express my appreciation to those individuals who have
made particular contributions to this book. A number of my colleagues
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read the entire manuscript, or large sections of it, and offered extremely
helpful comments. T wish to record my appreciation to Tom Carothers,
Michael Cole, Yadin Dudai, David Feldman, Norman Geschwind, Linda
Levine, David Olson, Susan McConnell, Sidney Strauss, William Wall, and
Ellen Winner. Dolly Appel served as principal word processor and super-
visor of the preparation of the physical manuscript and did so in a skillful,
helpful, and cheerful manner that I greatly admired. Jasmine Hall gener-
ously offered to prepare the index. Linda Levine aided me with numerous
aspects of the physical and conceptual manuscript and undertook with
great ingenuity and energy the preparation of the extensive reference
notes. I don’t know what I would have done without her intelligences! And
as with my two most recent books, my colleagues at Basic Books were an
unfailing source of support: I especially thank my editor, Jane Isay, and her
assistant, Mary Kennedy, as well as Judith Griessman, Janet Halverson,
Phoebe Hoss, Lois Shapiro, and Vincent Torre—and the proofreader,
Pamela Dailey.

I wish to thank the following individuals and publishers for permitting me
to reproduce copyrighted materials:

To Dr. Roger N. Shepard for permission to reproduce the spatial ro-
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NOTE ON THE PROJECT
ON HUMAN POTENTIAL, 1983

The Bernard van Leer Foundation of The Hague, Netherlands, is an in-
ternational nonprofit institution dedicated to the cause of disadvantaged
children and youth. It supports innovative projects that develop commu-
nity approaches to early childhood education and child care, in order to
help disadvantaged children to realize their potential.

In 1979, the foundation asked the Harvard Graduate School of Edu-
cation to assess the state of scientific knowledge concerning human po-
tential and its realization. Proceeding from this general directive, a group
of scholars at Harvard has over the past several years been engaged in re-
search exploring the nature and realization of human potential. Activities
sponsored by the Project on Human Potential have included reviews of
relevant literature in history, philosophy, and the natural and social sci-
ences, a series of international workshops on conceptions of human de-
velopment in diverse cultural traditions, and the commissioning of papers
and books.

The principal investigators of the project represent a variety of fields
and interests. Gerald S. Lesser, who chaired the project’s steering commit-
tee, is an educator and developmental psychologist, a principal architect in
the creation of educational television programs for children. Howard Gard-
ner is a psychologist who has studied the development of symbolic skills
in normal and gifted children, and the impairment of such skills in brain-
damaged adults. Israel Scheffler is a philosopher who has worked in the
areas of philosophy of education, philosophy of science, and philosophy of
language. Robert LeVine, a social anthropologist, has worked in sub-
Saharan Africa and Mexico, studying family life, child care, and psychological

li



lii Note on the Project on Human Potential

development. Merry White is a sociologist and Japan specialist who has
studied education, formal organizations, and the roles of women in the
Third World and Japan. This wide range of interests and disciplines enabled
the project to take a multifaceted approach to issues of human potential.

The first volume published under the aegis of the Project on Human
Potential is Howard Gardner’s Frames of Mind, a study of human intel-
lectual potentials that draws not only on psychological research but also
on the biological sciences and on findings about the development and use
of knowledge in different cultures.

The second book of the project to appear is Israel Schetfler's Of Human
Potential, which treats philosophical aspects of the concept of potential.
Sketching the background of the concept and placing it in the context of
a general theory of human nature, this treatment then proposes three an-
alytical reconstructions of the concept and offers systematic reflections on
policy and the education of policy makers.

The third volume is Human Conditions: The Cultural Basis of Educa-
tional Development, by Robert A. LeVine and Merry I. White. Emphasiz-
ing the crucial role of cultural factors in the progress of human development,
the book offers new models for development based on the social anthro-
pology of the lifespan and the social history of family and school.

To provide background for the study of diversity in development, the
project established teams of consultants in Egypt, India, Japan, Mexico,
the People’s Republic of China, and West Africa. Selected papers presented
by these consultants in project workshops appear in The Cultural Transi-
tion: Human Experience and Social Transformations in the Third World
and Japan, edited by Merry I. White and Susan Pollak. Representatives of
international development agencies were also engaged as consultants and
correspondents over the five-year period of the project. Through such in-
ternational dialogue and research, the project has sought to create a new
multidisciplinary environment for understanding human potential.
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The Idea of
Multiple Intelligences

young girl spends an hour with an examiner. She is asked a number of

questions that probe her store of information (Who discovered Amer-
ica? What does the stomach do?), her vocabulary (What does nonsense
mean? What does belfry mean?), her arithmetic skills (At eight cents each,
how much will three candy bars cost?), her ability to remember a series of
numbers (5, 1, 7, 4, 2, 3, 8), her capacity to grasp the similarity between
two elements (elbow and knee, mountain and lake). She may also be asked
to carry out certain other tasks—for example, solving a maze or arranging
a group of pictures in such a way that they relate a complete story. Some
time afterward, the examiner scores the responses and comes up with a
single number—the girl’s intelligence quotient, or 1Q. This number (which
the little girl may actually be told) is likely to exert appreciable effect upon
her future, influencing the way in which her teachers think of her and de-
termining her eligibility for certain privileges. The importance attached to
the number is not entirely inappropriate: after all, the score on an intelli-
gence test does predict one’s ability to handle school subjects, though it
foretells little of success in later life.

The preceding scenario is repeated thousands of times every day, all
over the world; and, typically, a good deal of significance is attached to the
single score. Of course, different versions of the test are used for various
ages and in diverse cultural settings. At times, the test is administered with
paper and pencil rather than as an interchange with an examiner. But the
broad outlines—an hour’s worth of questions yielding one round number—
are pretty much the way of intelligence testing the world around.
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Many observers are not happy with this state of affairs. There must be
more to intelligence than short answers to short questions—answers that
predict academic success; and yet, in the absence of a better way of think-
ing about intelligence, and of better ways to assess an individual’s capa-
bilities, this scenario is destined to be repeated universally for the
foreseeable future.

But what if one were to let one’s imagination wander freely, to con-
sider the wider range of performances that are in fact valued throughout
the world? Consider, for example, the twelve-year-old male Puluwat in the
Caroline Islands, who has been selected by his elders to learn how to be-
come a master sailor. Under the tutelage of master navigators, he will learn
to combine knowledge of sailing, stars, and geography so as to find his way
around hundreds of islands. Consider the fifteen-year-old Iranian youth
who has committed to heart the entire Koran and mastered the Arabic lan-
guage. Now he is being sent to a holy city, to work closely for the next sev-
eral years with an ayatollah, who will prepare him to be a teacher and
religious leader. Or, consider the fourteen-year-old adolescent in Paris who
has learned how to program a computer and is beginning to compose
works of music with the aid of a synthesizer.

A moment’s reflection reveals that each of these individuals is attain-
ing a high level of competence in a challenging field and should, by any
reasonable definition of the term, be viewed as exhibiting intelligent be-
havior. Yet it should be equally clear that current methods of assessing the
intellect are not sufficiently well honed to allow assessment of an individ-
ual’s potentials or achievements in navigating by the stars, mastering a for-
eign tongue, or composing with a computer. The problem lies less in the
technology of testing than in the ways in which we customarily think about
the intellect and in our ingrained views of intelligence. Only if we expand
and reformulate our view of what counts as human intellect will we be able
to devise more appropriate ways of assessing it and more effective ways of
educating it.

Around the world many individuals involved in education are reaching
similar conclusions. There is interest in new programs (some of them
grandiose) that seek to develop human intelligence for a whole culture, to
train individuals in such general skills as “anticipatory learning,” to help
individuals to realize their human potential. Intriguing experiments, rang-
ing from the Suzuki method of training violin to the LOGO method of in-
troducing the fundamentals of computer programming, seek to elicit
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accomplished performances from young children.” Some of these experi-
ments have had demonstrated success while others are still in the pilot
phase. Yet it is probably just to say that the successes as well as the failures
have occurred in the absence of an adequate framework for thinking about
intelligences. Certainly in no case does there exist a view of intelligence
that incorporates the range of abilities I have just surveyed. To arrive at
such a formulation is the purpose of the present book.

In the chapters that follow, I outline a new theory of human intellec-
tual competences. This theory challenges the classical view of intelligence
that most of us have absorbed explicitly (from psychology or education texts)
or implicitly (by living in a culture with a strong but possibly circumscribed
view of intelligence). So that the new features of this theory can be more
readily identified, I will in these introductory pages consider some facts of
the traditional view: where it came from, why it has become entrenched,
what are some of the outstanding issues that remain to be resolved. Only
then will I turn to the characteristics of the revisionist theory that I am
propounding here.

For well over two thousand vears, at least since the rise of the Greek
city-state, a certain set of ideas has dominated discussions of the human
condition in our civilization. This collection of ideas stresses the existence

and the importance of mental powers—capacities that have been variously
termed rationality, intelligence, or the deployment of mind. The unending
search for an essence of humanity has led, with seeming ineluctability, to
a focus on our species’ quest for knowledge; and those capacities that figure
in knowing have been especially valued. Whether it be Plato’s philosopher-
king, the Hebrew prophet, the literate scribe in a medieval monastery, or
the scientist in a laboratory, the individual capable of using his™ mental
powers has been singled out. Socrates’s “Know thyself,” Aristotle’s “All men
by Nature desire to know,” and Descartes’s “I think: therefore I am” pro-
vide epigraphs that frame an entire civilization.

Even in that dark millennium that intervened between Classical
times and the Renaissance, the ascendancy of intellectual factors was

* The sources for all quotations, research findings, and allied factual information
will be found in the notes beginning on page 413.
" For ease of exposition the pronoun “he” will be used in its generic sense throughout
this book.
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rarely challenged. Early in the medieval period, St. Augustine, the very fa-
ther of faith, declared:

The prime author and mover of the universe is intelligence. Therefore,
the final cause of the universe must be the good of the intelligence and
that is truth. . . . Of all human pursuits, the pursuit of wisdom is the
most perfect, the most sublime, the most useful, and the most agree-
able. The most perfect, because in so far as a man gives himself up to
the pursuit of wisdom, to that extent he enjoys already some portion of
true happiness.

At the height of the Middle Ages, Dante put forth his view that “the proper
function of the human race, taken in the aggregate, is to actualize contin-
ually the entire capacity possible to the intellect, primarily in speculation,
then through its extension and for its sake, secondarily in action.” And then,
at the dawn of the Renaissance, a century before Descartes’s time, Francis
Bacon described the English ship in New Atlantis that comes upon a
Utopian island whose chief institution is a great establishment devoted to
scientific research. The ruler of this realm declares to visiting travelers:

I will give the greatest jewel I have. For I will impart unto thee, for the
love of God and men, a relation of the true state of Solomon’s house. . . .
The end of our foundation is the knowledge of causes, and secret mo-
tions of things; and the enlarging of the bounds of human empire, to the

effecting of all things possible.

Of course, esteem for knowledge—and for those who appear to pos-
sess it—is not the only theme that haunts what we have come to term
(somewhat inexactly) the Western world. The virtues of feeling, faith, and
courage have also been leitmotifs over the centuries and, in fact, have
sometimes (if not always justifiably) been contrasted with the quest for
knowledge. What is instructive is that even when faith or love is extolled
above all else, each is typically opposed to the powers of reason. In a par-
allel vein, when leaders of a totalitarian bent have sought to remake their
societies in the light of a new vision, they have typically “put away” those
rationalists or intellectuals whom they could not co-opt—once again pay-
ing a kind of perverse compliment to the powers of reason.
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Reason, intelligence, logic, knowledge are not synonymous; and much
of this book constitutes an effort to tease out the various skills and capac-
ities that have too easily been combined under the rubric of “the mental.”
But, first, I must introduce a different kind of distinction—a contrast be-
tween two attitudes toward mind that have competed and alternated across
the centuries. Adopting the appealing distinction of the Greek poet
Archilochus, one can contrast those who view all intellect as a piece (let us
dub them the “hedgehogs™) with those who favor its fragmentation into
several components (the “foxes™). The hedgehogs not only believe in a sin-
gular, inviolable capacity that is the special property of human beings:
often, as a corollary, they impose the conditions that each individual is
born with a certain amount of intelligence, and that we individuals can in
fact be rank-ordered in terms of our God-given intellect or 1Q. So en-
trenched is this way of thinking—and talking—that most of us lapse read-
ily into rankings of individuals as more or less “smart,” “bright,” “clever,”
or “intelligent.”

An equally venerable tradition of the West glorifies the numerous dis-
tinct functions or parts of the mind. In Classical times, it was common to
differentiate between reason, will, and feeling. Medieval thinkers had their
triviim of grammar, logic, and rhetoric, and their quadrivium of mathe-
matics, geometry, astronomy, and music. As the science of psychology
was launched, an even larger array of human mental abilities or faculties
was posited. (Franz Joseph Gall, whom I shall formally introduce later,
nominated 37 human faculties or powers of the mind; J. P. Guilford, a con-
temporary figure, favors 120 vectors of mind.) Some of the foxes also tend
to the innate and rank-ordering cast of thought, but one can find many
among them who believe in the altering (and ameliorating) effects of en-
vironment and training.

Dating back many centuries, debate between the hedgehogs and the
foxes continues into our own time. In the area of brain study, there have
been the localizers, who believe that different portions of the nervous sys-
tem mediate diverse intellectual capacities; and these localizers have been
arrayed against the holists, who deem major intellectual functions to be
the property of the brain as a whole. In the area of intelligence testing, an
interminable debate has raged between those (following Charles Spear-
man) who believe in a general factor of intellect and those (following
L. L. Thurstone) who posit a family of primary mental abilities, with none
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preeminent among them. In the area of child development, there has been
vigorous debate between those who postulate general structures of the
mind (like Jean Piaget) and those who believe in a large and relatively un-
connected set of mental skills (the environmental-learning school). Echoes
in other disciplines are quite audible.

Thus, against a shared belief, over the centuries, in the primacy of in-
tellectual powers, there is continuing debate about the propriety of parcel-
ing intellect into parts. As it happens, some long-standing issues in our
cultural tradition show no signs of resolution. I doubt that topics like free
will or the conflict between faith and reason will ever be resolved to every-
one’s satisfaction. But, in other cases, there may be hope for progress.
Sometimes progress occurs as a consequence of logical clarification, as, for
instance, when a fallacy is exposed. (No one continues in the mistaken be-
lief that the distorted faces in El Greco’s portraits were due to an astig-
matic condition, once it has been explained that astigmatism would not
lead to the painting of elongated faces. An astigmatic painter would per-
ceive the faces on his canvas—and in the everyday world—to be elongated;
but, in fact, these faces would appear completely normal to nonastigmatic
eyes.) Sometimes progress results from dramatic scientific findings (the
discoveries of Copernicus and Kepler radically changed our view about
the architecture of the universe). And sometimes progress comes about when
a large body of information is woven together in a convincing tapestry
of argument (as happened when, in the course of introducing his theory of
evolution, Charles Darwin reviewed masses of evidence about the devel-
opment and differentiation of species).

The time may be at hand for some clarification about the structure of
human intellectual competence. In the present case, there is neither a sin-
gle scientific breakthrough nor the discovery of an egregious logical blun-
der, but rather the confluence of a large body of evidence from a variety
of sources. Such a confluence, which has been gathering with even greater
force over the past few decades, seems to be recognized (at least in peri-
pheral vision) by those concerned with human cognition. But the lines of
convergence have rarely, it ever, been focused on directly and systemati-
cally examined in one place; and they certainly have not been shared with
the wider public. Such confrontation and collation are the twin purposes
of this book.

In what follows, I argue that there is persuasive evidence for the exis-
tence of several relatively autonomous human intellectual competences,
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abbreviated hereafter as “human intelligences.” These are the “frames of
mind” of my title. The exact nature and breadth of each intellectual
“frame” has not so far been satisfactorily established, nor has the precise
number of intelligences been fixed. But the conviction that there exist at
least some intelligences, that these are relatively independent of one an-
other, and that they can be fashioned and combined in a multiplicity of
adaptive ways by individuals and cultures, seems to me to be increasingly
difficult to deny.

Previous efforts (and there have been many) to establish independent
intelligences have been unconvincing, chiefly because they rely on only
one or, at the most, two lines of evidence. Separate “minds™ or “faculties”
have been posited solely on the basis of logical analysis, solely on the his-
tory of educational disciplines, solely on the results of intelligence testing,
or solely on the insights obtained from brain study. These solitary efforts
have rarely yielded the same list of competences and have thereby made
a claim for multiple intelligences seem that much less tenable.

My procedure is quite different. In formulating my brief on behalf of
multiple intelligences, I have reviewed evidence from a large and hitherto
unrelated group of sources: studies of prodigies, gifted individuals, brain-
damaged patients, idiots savants, normal children, normal adults, experts
in different lines of work, and individuals from diverse cultures. A prelim-
inary list of candidate intelligences has been bolstered (and, to my mind,
partially validated) by converging evidence from these diverse sources. I
have become convinced of the existence of an intelligence to the extent
that it can be found in relative isolation in special populations (or absent
in isolation in otherwise normal populations); to the extent that it may be-
come highly developed in specific individuals or in specific cultures; and to
the extent that psychometricians, experimental researchers, and/or experts
in particular disciplines can posit core abilities that, in effect, define the
intelligence. Absence of some or all of these indices of course eliminates
a candidate intelligence. In ordinary life, as I will show, these intelligences
typically work in harmony, and so their autonomy may be invisible. But
when the appropriate observational lenses are donned, the peculiar nature
of each intelligence emerges with sufficient (and often surprising) clarity.

The major assignment in this book, then, is to make the case for the
existence of multiple intelligences (later abbreviated as MI). Whether or not
the case for specific intelligences proves persuasive, I shall at least have gath-
ered between two covers several bodies of knowledge that have hitherto



10 Background

lived in relative segregation. In addition, however, this volume has a num-
ber of other, and not wholly subsidiary, purposes—some primarily scien-
tific, others distinctly practical.

First of all, I seek to expand the purviews of cognitive and develop-
mental psychology (the two areas to which, as a researcher, I feel the
closest). The expansion that I favor looks, in one direction, toward the bi-
ological and evolutionary roots of cognition and, in the other direction,
toward cultural variations in cognitive competence. To my mind, visits
to the “lab” of the brain scientist and to the “field” of an exotic culture
should become part of the training of individuals interested in cognition
and development.

Second, I wish to examine the educational implications of a theory of
multiple intelligences. In my view, it should be possible to identify an in-
dividual’s intellectual profile (or proclivities) at an early age and then draw
upon this knowledge to enhance that person’s educational opportunities
and options. One could channel individuals with unusual talents into spe-
cial programs, even as one could devise prosthetics and special enrichment
programs for individuals presenting an atypical or a dysfunctional profile
of intellectual competences.

Third, T hope that this inquiry will inspire educationally oriented an-
thropologists to develop a model of how intellectual competences may be
fostered in various cultural settings. Only through such efforts will it be pos-
sible to determine whether theories of learning and teaching travel read-
ily across national boundaries or must be continually refashioned in light
of the particularities of each culture.

Finally—this is the most important, but also the most difficult,
challenge—1I hope that the point of view that I articulate here may prove
of genuine utility to those policy makers and practitioners charged with
“the development of other individuals.” Training and heightening of intel-
lect is certainly “in the international air™: the World Bank’s report on
Human Development, the Club of Rome’s essay on anticipatory learning,
and the Venezuelan Project on Human Intelligence are but three recent
visible examples. Too often, practitioners involved in efforts of this sort
have embraced flawed theories of intelligence or cognition and have, in
the process, supported programs that have accomplished little or even
proved counterproductive. To aid such individuals, I have developed a
framework that, building on the theory of multiple intelligences, can be
applied to any educational situation. If the framework put forth here is
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adopted, it may at least discourage those interventions that seem doomed
to failure and encourage those that have a chance for success.

I regard the present effort as a contribution to the emerging science of
cognition. To a considerable extent, I am summarizing the work of other
scholars; but, to a certain extent (and I intend to make clear where), I am
proposing a new orientation. Some of the claims are controversial, and I ex-
pect that experts versed in cognitive science will eventually have their say
as well. Part 11, the “heart” of the book, consists of a description of several
intellectual competences of whose existence I feel reasonably certain. But,
as befits a potential contribution to science, I shall first (in Chapter 2) re-
view other efforts to characterize intellectual profiles and then, after put-
ting forth the evidence in support of my theory, will (in Chapter 11) subject
that point of view to lines of criticism. As part of my mission to broaden the
study of cognition, I adopt a biological and cross-cultural perspective
throughout Part 1T and also devote a separate chapter each to the biolog-
ical bases of cognition (Chapter 3) and to cultural variations in education
(Chapter 13). Finally, given the “applied” agenda I have just sketched, I
shall in the concluding chapters of the book address more directly ques-
tions of education and policy.

A word, finally, about the title of this chapter. As I have indicated, the
idea of multiple intelligences is an old one, and I can scarcely claim any
great originality for attempting to revive it once more. Even so, by featur-
ing the word idea I want to underscore that the notion of multiple intelli-
gences is hardly a proven scientific fact: it is, at most, an idea that has
recently regained the right to be discussed seriously. Given the ambition
and scope of this book, it is inevitable that this idea will harbor many short-
comings. What I hope to establish is that “multiple intelligences” is an idea
whose time has come,
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Intelligence

Earlier Views

As a schoolboy growing up in the latter part of the eighteenth century,
Franz Joseph Gall observed a relationship between certain mental
characteristics of his schoolmates and the shapes of their heads. For in-
stance, he noted that those boys with prominent eyes tended to have good
memories. He clung to this idea as he became a physician and scientist
and, some years later, placed it at the center of a discipline called “phrenol-
ogy” that aspired to be a science.

The key idea of phrenology is simple. Human skulls differ from one
another, and their variations reflect differences in the size and the shape of
the brain. Different areas of the brain, in turn, subserve discrete functions;
and so, by carefully examining the skull configurations of an individual, an
expert should be able to determine the strengths, the weaknesses, and the
idiosyncrasies of his or her mental profile.

Gall’s list of powers and “organs” of the mind, as modified by his
colleague, Joseph Spurzheim, was a mixed bag. Featured were some thirty-
seven different powers that included affective faculties, such as ama-
tiveness, philoprogenitiveness, and secretiveness; sentiments like hope,
reverence, and self-esteem; reflective powers and perceptual capacities,
including language, tune (for music), as well as sensitivity to such visual
properties as shape and color.

It should come as no surprise (at least to observers of best-sellers over
the years) that the phrenology of Gall and Spurzheim achieved enormous
popularity in Europe and the United States during the early part of the
nineteenth century. The simple doctrine had intrinsic appeal, and every
individual could “play the game.” The popularity of the aspiring science
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was strengthened by the fact that it was endorsed by many scientists of
the day.

Of course, armed with hindsight, one can readily spot the flaws in
the phrenological doctrine. We know, for example, that the sheer size of
the brain has no clear-cut correlation with an individual’s intellect; in fact,
individuals with very small brains, such as Walt Whitman and Anatole
France, have achieved great success, even as individuals with massive
brains are sometimes idiots and all too often decidedly unremarkable.
Moreover, the size and configuration of the skull itself proves an inexact
measure of the important configurations of the human cortex.

Nonetheless, even as it would be unpardonable to overlook the flaws in
Gall’s claims, it would be equally fallacious to dismiss them entirely. Gall,
after all, was among the first modern scientists to stress that different parts
of the brain mediate different functions; the fact that we are not yet able
to pinpoint specifically the relationship between size, shape, and function
should by no means be taken as proof that we will never be able to do so.
Moreover, Gall proposed other pregnant ideas, among them this fascinat-
ing claim: there do not exist general mental powers, such as perception,
memory, and attention; but, rather, there exist different forms of percep-
tion, memory, and the like for each of the several intellectual faculties, such
as language, music, or vision. Though seldom taken seriously throughout
most of the history of psychology, this idea proves to be highly suggestive
and may well be correct.

The century following Gall’s original claims has seen repeated oscilla-
tions between a belief in localization of function and a skepticism about
this entire line of brain-behavior correlations: in fact, this oscillation contin-
ues to plague us today. The first dubious voices were raised in the decades
following Gall’s original publications in the early 1800s: scholars like Pierre
Flourens showed, by extirpating different parts of the brain of an animal
and then observing its new behavior, that some of Gall’s claims could not
be supported. But then a strong chorus of support came in the 1860s, when
the French surgeon and anthropologist Pierre-Paul Broca demonstrated,
for the first time, an indisputable relationship between a specific brain le-
sion and a particular cognitive impairment. In particular, Broca amassed
evidence that a lesion in a certain area of the left anterior portion of the
human cortex caused aphasia, the breakdown of linguistic capacities. This
dramatic demonstration was followed in succeeding years by ample docu-
mentation that various lesions in the left hemisphere could impair partic-
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ular linguistic functions along specifiable lines. One lesion would reliably
impair reading, while another would compromise naming or repetition.
Localization of function, if not phrenology, once more carried the day.

Attempts to relate the brain to mental function or, for that matter, to
uncover the physical roots of mental functions antedated the nineteenth
century. The Egyptians had located thought in the heart, and judgment in
the head or kidneys. Pythagoras and Plato had held the mind to be in the
brain. Analogously, Aristotle thought that the seat of life is in the heart,
while Descartes placed the soul in the pineal gland. Scientists of the nine-
teenth century were not the first to try to break down the range of human
intellectual abilities (though a list of thirty-seven was on the longish side).
Plato and Aristotle had certainly been interested in varieties of rational
thought and forms of knowledge. During the Middle Ages, scholars dwelled
upon the trivium and the quadrivium, those realms of knowledge that
every educated person mastered. The Hindu Upanishads actually de-
scribe seven kinds of knowledge. What the nineteenth century ushered
in were highly specific claims about the profile of human mental capaci-
ties and, eventually, empirically based efforts in the clinic and the exper-
imental laboratory to relate specific areas of the brain to particular
cognitive functions.

Psychology Proper

Efforts to set up psychology as a science began in earnest in the latter half
of the nineteenth century, with scholars like Wilhelm Wundt in Germany
and William James in America providing a rationale and leading the way.
Because the history of prescientific psychology was entangled with philos-
ophy rather than with medicine, and because the first psychologists them-
selves were eager to define their discipline as separate from physiology and
neurology, there was relatively little contact between the new breed of psy-
chologists and the individuals who were conducting experiments with the
human brain. Perhaps as a result, the categories of mentation that inter-
ested psychologists proved to be remote from those that had engaged stu-
dents of the brain. Rather than thinking (like Gall) in terms of particular
mental contents (like language, music, or various forms of visual percep-
tion), psychologists searched (and have continued to search) for the laws
of broad, “horizontal” mental faculties—abilities like memory, perception,



16 Background

attention, association, and learning; these faculties were thought to oper-
ate equivalently—in fact, blindly—across diverse contents, independent
of the particular sensory modality or the type of ideational content involved
in the domain. In fact, such work continues to this day and makes re-
markably little contact with findings emanating from the brain sciences.

Thus, one strand of scientific psychology has searched for the most
general laws of human knowing—what might today be called the princi-
ples of human information processing. An equally energetic area of study
has searched for individual differences—the distinctive profiles of abili-
ties (and disabilities) in individuals. The British polymath Sir Francis Gal-
ton was instrumental in launching this field of inquiry a century ago.
Given his particular interest in genius, eminence, and other notable
forms of accomplishment, Galton developed statistical methods that
made it possible to rank human beings in terms of their physical and in-
tellectual powers and to correlate such measures with one another. These
tools enabled him to verify a suspected link between genealogical line-
age and professional accomplishment.

In fact, if one were going to measure individuals, one needed numer-
ous dimensions and tasks on which to measure and compare. It was only
a matter of time before psychologists devised various tests and began to
rank human beings by comparing performances on these measures. At
first, the prevailing wisdom held that powers of intellect could be estimated
adequately by various tasks of sensory discrimination—for example, the
ability to distinguish among lights, among weights, or among tones. Galton,
in fact, believed that more refined and learned individuals would be char-
acterized by especially keen sensory capacities. But gradually (for a variety
of reasons) the scientific community concluded that one would have to
look principally at more complex or “molar” capacities, such as those in-
volving language and abstraction, if one wished to gain a more accurate as-
sessment of human intellectual powers. The chief worker in this area was
the Frenchman Alfred Binet. At the beginning of the twentieth century,
with his colleague Theodore Simon, Binet devised the first tests of intelli-
gence in order to sift out retarded children and to place other children at
their appropriate grade level.

Within the scientific community and the larger society, excitement over
intelligence testing was at least as pronounced and was much more pro-
longed than had been the enthusiasm about phrenology almost a century
earlier. The tasks and tests were soon available for widespread use: the
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mania for evaluating people for specific purposes—be it school, the mili-
tary, placement in industrial organizations, or even social companionship—
fueled the excitement over intelligence testing. At least until recent years,
most psychologists would agree with the assessment that intelligence test-
ing was psychology’s greatest achievement, its chief claim to social utility,
and an important scientific discovery in its own right. They might even ap-
plaud the British psychologist H. J. Eysenck’s conclusion that the concept
of intelligence “constitutes a true scientific paradigm in the Kuhnian® sense.”

The tale describing the rise of the 1Q test, and the various debates that
have raged about it, has been retold so many times that I am relieved of
the necessity to relate the sound and fury once again. Most scholars within
psychology, and nearly all scholars outside the field, are now convinced
that enthusiasm over intelligence tests has been excessive, and that there
are numerous limitations in the instruments themselves and in the uses to
which they can (and should) be put. Among other considerations, the tasks
are definitely skewed in favor of individuals in societies with schooling and
particularly in favor of individuals who are accustomed to taking paper-
and-pencil tests, featuring clearly delineated answers. As T have noted, the
tests have predictive power for success in schooling but relatively little pre-
dictive power outside the school context, especially when more potent fac-
tors like social and economic background have been taken into account.
Too much of a hullabaloo over the possible heritability of IQ has been sus-
tained over the past few decades; and while few authorities would go so
far as to claim that the 1Q is in no degree inherited, extreme claims on her-
itability within and across races have been discredited.

Still, one long-standing debate within the area of intelligence testing
must be briefly rehearsed here. On one side are arrayed those individuals
influenced by the British educational psychologist Charles Spearman—in
my terms, a “hedgehog”™—who believe in the existence of “g"—a general
overriding factor of intelligence that is measured by every task in an intel-
ligence test. On the other side are supporters of the American psychome-
trician and “fox” L. L. Thurstone, who believe in the existence of a small
set of primary mental faculties that are relatively independent of one an-
other and are measured by different tasks. Thurstone, in fact, nominated

* Eysenck refers here to Thomas Kuhn, a contemporary philosopher who defines sci-
ences in terms of their central assumptions and procedures, or “paradigms.”
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seven such factors—verbal comprehension, word fluency, numerical flu-
ency, spatial visualization, associative memory, perceptual speed, and rea-
soning. (Other less widely quoted scholars posit a far higher number of
independent factors.)

Most important to stress is that neither side has been able to gain an
upper hand. That is because the issues surrounding the interpretation of
intelligence scores turn out to be mathematical in nature and not suscep-
tible to empirical resolution. Thus, given the same set of data, it is possi-
ble, using one set of factor-analytic procedures, to come up with a picture
that supports the idea of a “g” factor; using another equally valid method
of statistical analysis, it is possible to support the notion of a family of rel-
atively discrete mental abilities. As Stephen Jay Gould has shown in his re-
cent book, The Mismeasure of Man, there is nothing intrinsically superior
about either of these mathematical measures. When it comes to the inter-
pretation of intelligence testing, we are faced with an issue of taste or pref-
erence rather than one on which scientific closure is likely to be reached.

Piaget

It is from an individual originally trained in the IQ tradition that we have
obtained a view of intellect that has, in many quarters, replaced the vogue
of intelligence testing. The Swiss psychologist Jean Piaget began his career
around 1920 as a researcher working in Simon’s laboratory and soon be-
came particularly interested in the errors children make when tackling
items on an intelligence test. Piaget came to believe that it is not the ac-
curacy of the child’s response that is important but rather the lines of rea-
soning the child invokes: these can be most clearly seen by focusing on the
assumptions and the chains of reasoning that spawn erroneous conclusions.
So, for example, it was not revealing in itself to discover that most four-
year-olds think that a hammer is more like a nail than like a screwdriver;
what was important is that children reach this conclusion because their
view of similarity reflects physical co-occurrence (hammers are found in
the vicinity of nails) rather than membership in the same hierarchical cat-
egory (tools).

Piaget himself never undertook a critique of the intelligence-testing
movement; but in looking at the scientific moves he made, one can gain a
feeling for some of the inadequacies of the Binet-Simon program. First of
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all, the IQ movement is blindly empirical. It is based simply on tests with
some predictive power about success in school and, only marginally, on a
theory of how the mind works. There is no view of process, of how one
goes about solving a problem: there is simply the issue of whether one ar-
rives at a correct answer. For another thing, the tasks featured in the 1Q
test are decidedly microscopic, are often unrelated to one another, and
seemingly represent a “shotgun” approach to the assessment of human in-
tellect. The tasks are remote, in many cases, from everyday life. They rely
heavily upon language and upon a person’s skill in defining words, in know-
ing facts about the world, and in finding connections (and differences)
among verbal concepts.

Much of the information probed for in intelligence tests reflects knowl-
edge gained from living in a specific social and educational milieu. For in-
stance, the ability to define fort or to identify the author of the Iliad is
highly reflective of the kind of school one attends or the tastes of one’s fam-
ily. In contrast, intelligence tests rarely assess skill in assimilating new in-
formation or in solving new problems. This bias toward “crystallized” rather
than “fluid” knowledge can have astounding consequences. An individual
can lose his entire frontal lobes, in the process becoming a radically dif-
ferent person, unable to display any initiative or to solve new problems—
and yet may continue to exhibit an IQ close to genius level. Moreover, the
intelligence test reveals little about an individual’s potential for further
growth. Two individuals can receive the same IQ score, yet one may turn
out to be capable of a tremendous spurt in intellectual attainment while an-
other may be displaying the very height of his intellectual powers. To put
it in the terms of the Soviet psychologist Lev Vygotsky, intelligence tests fail
to yield any indication of an individual’s “zone of potential [or “proximal”]
development.”

With such critical considerations at least implicitly in mind, Piaget de-
veloped over several decades a radically different and extremely powerful
view of human cognition. In his view, all study of human thought must
begin by positing an individual who is attempting to make sense of the
world. The individual is continually constructing hypotheses and thereby
attempting to generate knowledge: he is trying to figure out the nature of
material objects in the world, how they interact with one another, as well
as the nature of persons in the world, their motivations, and their behav-
ior. Ultimately he must piece them all together into a sensible story, a co-
herent account of the nature of the physical and the social worlds.
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Initially, the baby makes sense of the world, primarily through his re-
flexes, his sensory perceptions, and his physical actions upon the world.
After a year or two, he arrives at a “practical” or “sensori-motor” knowl-
edge of the world of objects, as they exist in time and space. Equipped
with this knowledge, he can make his way satisfactorily in his environment
and can appreciate that an object continues to exist in space and time even
when it is out of view. Next the toddler goes on to develop interiorized ac-
tions or mental operations. These are actions that can potentially be per-
formed upon the world of objects; but, owing to a newly emerging capacity,
these actions need only be performed cerebrally, within the head, perhaps
through imagery. So, for example, to proceed from his destination to a fa-
miliar starting point, the child does not have to try out various routes: he
can simply calculate that by reversing his steps, he will return to his origin.
At the same time, the child also becomes capable of symbol use: now he
can use various images or elements—such as words, gestures, or pictures—
to stand for real life objects in the world, and can become skilled in de-
ploving various symbol systems, like language or drawing,

These evolving capacities of interiorization and symbolization reach a
high point around the age of seven or eight, when the child becomes ca-
pable of concrete operations. Armed with this new set of capacities, the
child is now able to reason systematically about the world of objects, num-
ber, time, space, causality, and the like. No longer confined simply to act-
ing in a physically appropriate manner with objects, the child can now
appreciate the relations that obtain among a series of actions upon objects.
So he understands that objects can be rearranged and still remain the same
quantity; that a material can be changed in shape without the mass being
thereby affected; that a scene can be viewed from a different perspective
and still contain the same elements.

According to Piaget, a final stage of development comes into being dur-
ing early adolescence. Now capable of formal operations, the youth is able
to reason about the world not only through actions or single symbols but
rather by figuring out the implications that obtain among a set of related
propositions. The adolescent becomes able to think in a completely logical
fashion: now resembling a working scientist, he can express hypotheses in
propositions, test them, and revise the propositions in light of the results
of such experimentation. These abilities in hand (or in head), the youth
has achieved the end-state of adult human cognition. He is now capable of
that form of logical-rational thought that is prized in the West and epito-
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mized by mathematicians and scientists. Of course, the individual can go
on to make further discoveries, but he will no longer undergo any further
qualitative changes in his thinking.

This sprint through Piaget’s principal precepts highlights some of the
strengths and the weaknesses of his formulation. On the positive side, Pi-
aget has taken children seriously; he has posed to them problems of im-
portance (particularly ones drawn from the scientific realm) and has
adduced evidence that, at each stage, the same underlying organized struc-
ture can be discerned across a wide range of mental operations. For in-
stance, in Piaget’s view, the “concrete-operational” child is capable of
handling a gamut of tasks having to do with conservation of number,
causality, quantity, volume, and the like, because they all draw upon the
same core mental structures. Similarly, equipped with formal operations,
the adolescent displays a structured whole of operations so that he can now
reason logically about any set of propositions posed to him. Unlike the ar-
chitects of intelligence testing, Piaget has also taken seriously the list of is-
sues that philosophers, and most especially Immanuel Kant, deemed
central to human intellect, including the basic categories of time, space,
number, and causality. At the same time, Piaget has avoided forms of
knowledge that are simply memorized (like word definitions) or restricted
to certain cultural groups (such as those that favor “high” art). Wittingly or
not, Piaget has limned a brilliant portrait of that form of human intellec-
tual growth that is valued most highly by the Western scientific and philo-
sophical traditions.

But these undeniable strengths, which have made Piaget the theorist of
cognitive development, cohabit with certain weaknesses that have become
increasingly clear over the past two decades. First of all, while Piaget has
painted a redoubtable picture of development, it is still only one sort of
development. Centered on the intellectual agenda addressed by the young
scientist, Piaget's model of development assumes relatively less importance
in non-Western and preliterate contexts and may, in fact, be applicable
only to a minority of individuals, even in the West. The steps entailed in
achieving other forms of competence—those of an artist, a lawyer, an ath-

lete, or a political leader—are ignored in Piaget’s monolithic emphasis
upon a certain form of thinking.

Of course, Piaget’s perspective might be limited, vet totally accurate
within its own restricted domain. Alas, a generation of empirical re-
searchers who have looked closely at Piaget’s claims have found otherwise.
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While the broad outlines of development as sketched by Piaget remain of
interest, many of the specific details are simply not correct. Individual
stages are achieved in a far more continuous and gradual fashion than Pi-
aget indicated; in fact, one finds little of the discontinuity that he claimed
(and that made his theoretical claims particularly riveting). Thus, most
tasks claimed to entail concrete operations can be solved by children in
the pre-operational years, once various adjustments have been introduced
into the experimental paradigm. For example, there is now evidence that
children can conserve number, classify consistently, and abandon egocen-
trism as early as the age of three—findings in no way predicted (or even
allowed) by Piaget’s theory.

Another claim central to Piaget’s theory has also fallen on hard times.
He contended that the various operations that he had uncovered could be
applied to any manner of content. (In this, he resembled the proponents
of “horizontal faculties” who believe in all-encompassing processes like
perception or memory.) In reality, however, Piaget’s operations emerge in
a much more piecemeal fashion, proving effective with certain materials or
contents while failing to be invoked (or being invoked improperly) with
other materials. Thus, for example, a child who exhibits the operation of
conservation with some materials will fail to conserve with other materials.
Piaget was aware that operations would not crystallize instantaneously: he
even invented a “fudge factor”—called décalage—which allowed the same
underlying operation to emerge at somewhat different times with differ-
ent materials. But what has happened is that décalage has, in fact, become
the rule in studies of cognitive development. Rather than a whole series of
abilities coalescing at about the same time (as Piaget would have it), the-
oretically related abilities turn out to emerge at disparate points in time.

One confronts other limitations as well. Despite his skepticism about
IQ items couched in language, Piaget’s tasks themselves are usually con-
veyed verbally. And when they have been posed nonlinguistically, the re-
sults are often different from those obtained in Genevan laboratories.
While Piaget’s tasks are more molar and complex than those favored in in-
telligence tests, many still end up fairly remote from the kind of thinking
in which most individuals engage during their normal daily lives. Piaget’s
tasks continue to be drawn from the benches and blackboards of a labora-
tory scientist. Finally, somewhat surprisingly, although his picture of the
active, exploring child strikes a responsive chord, Piaget tells us little about
creativity at the forefront of the sciences, let alone about the originality
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that is most prized in the arts or other realms of human creativity. Over
and above its failure to convey the universal pattern of cognitive growth
that all normal children are alleged to traverse, Piaget’s scheme—restricted
at its mature end to the classroom exercises of a high-school science class—
emerges as even less relevant to that discovery of new phenomena or that
positing of new problems that many consider central in the life of the mind.
Piaget’s scheme may well be the best that we have, but its deficiencies are
becoming all too evident.

The Information-Processing Approach

If intelligence testing was the vogue forty years ago, and Piagetian theory
the rage twenty years ago, a new form of study, often called “information-
processing psychology” or “cognitive science,” is currently enjoying hege-
mony among students of the mind. The information-processing psychologist
uses the methods devised by experimental psychologists over the past cen-
tury in order to investigate tasks of the sort that Piaget and other more
molar cognitive theorists have been employing. As an example, a researcher
working in the information-processing paradigm seeks to provide a second-
by-second (or even a millisecond by millisecond) “microgenetic” picture
of the mental steps involved as a child solves (or fails to solve) a conserva-
tion problem. The process begins with information delivered to eye or ear
and only concludes when an answer has been issued by mouth or hand.
Rather than simply describing two or three basic stages found at differ-
ent ages, and the strategies favored at each point, as Piaget would do, the
information-processing psychologist attempts to describe in the finest de-
tail all steps used by a given child. In fact, an ultimate goal of information-
processing psychology is to describe the steps so exhaustively and
scrupulously that an individual's performance can be simulated on a com-
puter. Such a descriptive tour de force involves detailed analysis of the task
itself, as well as painstaking analysis of the subjects thoughts and behavior.

In its focus on the details of processing, and in its illumination of the
microstructure of a task, information-processing intelligence theory is an
advance over earlier lines of study. We now have available a much more dy-
namic view of what happens in the course of problem solving: included is
a picture of the informational “intake” or access mechanisms; the forms of
immediate and short-term retention that hold onto information until it can
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be encoded in memory; various recoding and transforming operations that
can be imposed upon the newly acquired information. Moreover, there is
the suggestive notion of executive functions, “meta-components” or other
higher-order control mechanisms, whose mission it is to determine which
problems ought to be tackled, which goals sought, which operations ap-
plied, and in which order. Throughout, one encounters the healthy, if
somewhat unexamined, American emphasis on mechanics: on what is
done, in what order, and by what mechanism, in order to yield a particu-
lar effect or result.

Information-processing psychology, then, represents progress along
certain—but not, in my view, all—lines. In opposition to the Piagetian par-
adigm, for example, information-processing psychology lacks an articulated
theory within which different forms of cognition can be convincingly re-
lated to (or distinguished from) one another. Oftentimes, a survey of the
literature suggests the existence of a thousand expert information proces-
sors carrying out one or another operation without any particular connec-
tion to the others. But, like Piaget, information-processing psychologies
sometimes commit the opposite sin as well: one encounters the blithe no-
tion that a single highly general problem-solving mechanism can be
brought to bear willy-nilly on the full range of human problems. While in
theory the idea of a single “horizontal” problem-solving apparatus is attrac-
tive, in fact the carefully selected problems to which it is said to apply turn
out to be disturbingly similar to one another. Thus, the claim that we use
the same problem-solving apparatus across the board becomes vacuous.
In fact, in common with Piagetian psychology, nearly all the problems ex-
amined by information-processing psychologists prove to be of the logical-
mathematical sort. The prototypical problems—solving logical theorems,
carrying out geometric proofs, playing a game of chess—might well have
been borrowed directly from Piaget’s archive of pivotal intellectual tasks.

As information-processing psychology is still in its infancy, it is perhaps
unfair to criticize it for not having solved major outstanding issues in the
area of intelligence. Moreover, recent flirtation with the “intelligence-testing”
industry has infused with new life this somewhat discredited branch, as re-
searchers like Robert Sternberg have attempted to identify the operations
involved in the solution of standard intelligence test items. Yet, to my mind,
the excessively mechanistic computer-driven model for thinking and the
penchant for scientifically oriented test problems foreshadow certain long-
term problems with this approach. For one thing, like most previous ap-
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proaches to intelligence, the information-processing tack is studiously non-
(if not anti-) biological, making little contact with what is known about the
operation of the nervous system. For another, there is as yet relatively little
interest in the open-ended creativity that is crucial at the highest levels of
human intellectual achievement. The problems posed characteristically
feature a single solution or small set of solutions, and there is scant atten-
tion to problems with an indefinite range of solutions, let alone the gen-
eration of new problems.

Finally, a more serious objection. At present, there seems to be no pro-
cedure by which to adjudicate among the principal debates within the area
of information-processing psychology. Is there a central executive or not?
Are there general problem-solving skills or just skills specific to particular
domains? What elements change with development—the number and size
of storage areas, the kinds of strategy available, or the efficiency with which
operations are carried out? The information-processing psychologists could
retort, “This criticism is true at present but will become less true as we ac-
crue more data. When we succeed in producing a sufficiently rich set of
computer simulations, we will determine which simulation most closely
mimics the thoughts and behavior of human beings.”

But as I see it, it is far too easy to spin out simulations that can support
rival lines of argument, or to counter an apparent refutation of a model
simply by effecting minor adjustments in a task. Should one psychologist
claim that short-term memory may contain more than the reported “magic
number” of seven chunks, a defender of the classic position can simply
count the chunks differently or claim that what had been four chunks have
been “re-chunked” into two. More generally, unless one can envision a de-
cisive test between one information-processing approach and another, one
is faced with the likelihood that there will be as many convincing infor-
mation-flow box diagrams as there are ingenious researchers.

The “Symbol Systems” Approach

Investigations that accentuate one view of human intellect naturally breed
a counter movement. As we have seen, the 1Q, the Piagetian, and the
information-processing approaches all focus on a certain kind of logical or
linguistic problem solving; all ignore biology; all fail to come to grips with
the higher levels of creativity; and all are insensitive to the range of roles
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highlighted in human society. Consequently, these facts have engendered
an alternative point of view that focuses precisely on these neglected areas.

I cannot write about this fledgling movement in a disinterested way be-
cause it is closest to my own work and my own beliefs. It is perhaps best
to regard this final section as an introduction to the argument being de-
veloped throughout the remainder of the book, rather than as a mere con-
clusion to the survey undertaken in this chapter. As a symbol of this move,
I shall adopt the collaborative “we” in describing the principal features of
this approach.

For much of the twentieth century, philosophers have displayed a par-
ticular interest in human symbolic capacities. According to such influential
thinkers as Ernst Cassirer, Susanne Langer, and Alfred North Whitehead,
the ability of human beings to use various symbolic vehicles in expressing
and communicating meanings distinguishes human beings sharply from
other organisms. Symbol use has been key in the evolution of human na-
ture, giving rise to myth, language, art, and science; it has also been cen-
tral in the highest creative achievements of human beings, all of which
exploit the human symbolic faculty.

We may speak of two “paradigm” shifts in philosophy. Initially, the
philosophical interest of Classical times in objects of the physical world
was replaced by that preoccupation with the mind and its objects that
we associate with Hume, Kant, and other Enlightenment thinkers. In the
twentieth century, however, the focus shifted once again, this time to the ac-
tual symbolic vehicles of thought. Thus, much of contemporary work in
philosophy is directed toward an understanding of language, mathemat-
ics, visual arts, gestures, and other human symbols.

We can observe the same trends at work in psychology. There, too, we
discern a shift from external behavior to the activities and products of
human minds and, specifically, to the various symbolic vehicles in which
human individuals traffic. Rather than considering symbolic vehicles (or
the media by which they are transmitted) as transparent means by which
the same contents are presented, a number of researchers—including
David Feldman, David Olson, Gavriel Salomon, and myselt—have elected
to take human symbol systems as a primary focus of attention. In our view,
much of what is distinctive about human cognition and information pro-
cessing involves the deployment of these various symbol systems. It is at
least an open question, an empirical issue, whether operation of one sym-
bol system such as language involves the same abilities and processes as
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such cognate systems as music, gesture, mathematics, or pictures. It is
equally open whether information encountered in one medium (say, film)
is the “same” information when transmitted by another medium (say, books).

In adopting this symbolic perspective, my colleagues and I do not pro-
pose to throw away the Piagetian baby with the bath water. Rather, we seek
to use the methods and the overall schemes fashioned by Piaget and to
focus them not merely on the linguistic, logical, and numerical symbols of
classic Piagetian theory but rather upon a full range of symbol systems en-
compassing musical, bodily, spatial, and even personal symbol systems. The
challenge, as we see it, is to compose a developmental portrait of each of
these forms of symbolic competence and to determine empirically which
connections or distinctions might obtain across them.

The problem of reconciling a pluralistic approach to cognition with Pi-
aget’s unilineal developmental scheme has been well addressed by David
Feldman. According to this educationally oriented developmental psy-
chologist, cognitive accomplishments may occur in a range of domains.
Certain domains, such as the logical-mathematical one studied by Piaget,
are universal. They must be (and are) confronted and mastered by indi-
viduals all over the world, simply by virtue of their membership in the same
species and the resultant need to cope with that species” physical and so-
cial environment. Other domains are restricted to certain cultures. For ex-
ample, the capacity to read is important in many cultures but unknown (or
minimally valued) in others. Unless one lives in a culture where this do-
main is featured, one will make little or no progress in it. Still other domains
are restricted to pockets within a culture. For example, map making is im-
portant in some literate subcultures but not in others. One also encounters
domains that are highly idiosyncratic. Chess playing, the mastery of the
Japanese game of go, and expertise in crossword puzzles are not essential
in any division of society, and yet some individuals realize tremendous
achievements in those domains, within a particular culture.

Finally, arrayed at the opposite extreme from universal domains are
unique domains, areas of skill in which initially only one or a tiny handful
of individuals make progress. One might think of the innovative scientist
or artist as working in a unique domain, a domain of which he is currently
the only denizen. What is particularly fascinating is that, eventually, unique
domains may become so well explored and articulated by an individual or
a small group that they become accessible to other individuals. Many sci-
entific or artistic breakthroughs, such as calculus or the theory of evolution,
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initially began as unique domains but now can be mastered by large seg-
ments of a culture. And perhaps the same thing occurred in the remote
past in such cultural domains as map making or reading,

A focus on the mastery of domains entails certain assumptions. One
belief is that within each domain there exists a series of steps or stages,
ranging from the level of rank novice, through apprentice or journeyman’s
status, to the status of expert or master. Irrespective of domains, there
should (in proper Piagetian fashion) be a stagelike sequence through which
any individual must pass. However, individuals differ greatly from one an-
other in the speed with which they pass through these domains; and, contra
Piaget, success at negotiating one domain entails no necessary correlation
with speed or success in negotiating other domains. Domains may be cor-
doned off from one another in this sense. Moreover, progress in a domain
does not depend entirely on the solitary individual’s actions within his
world. Rather, much of the information about the domain is better thought
of as contained within the culture itself, for it is the culture that defines
the stages and fixes the limits of individual achievement. One must con-
ceive of the individual and his culture as embodying a certain stage se-
quence, with much of the information essential for development inhering
in the culture itself rather than simply inside the individual’s skull.

This focus on an individual’s progress through a domain has stimulated
Feldman to confront the phenomenon of the child prodigy. The prodigy
may be thought of as an individual who passes through one or more do-
mains with tremendous rapidity, exhibiting a speed that seems to render
him qualitatively different from other individuals. In Feldman’s view, the
mere existence of a prodigy represents a remarkable “co-incidence” of a
number of factors—among them an initial, possibly inborn proclivity, con-
siderable pressure from parents and family, excellent teachers, high moti-
vation, and, perhaps most important, a culture in which that proclivity will
have a chance to flower. In monitoring the prodigy as he advances, one
glimpses a “fast-forward™ picture of what is involved in all educational
processes. Unlike the Piagetian individual advancing chiefly by himself
along a path available to humans the world over, the prodigy is a fascinat-
ing amalgam of the highest amounts of natural proclivity with the greatest
amounts of stimulation and structure as provided by his own society.

A concern with prodigies well illustrates certain central features of this
new approach to intellectual development. First of all, the very existence
of prodigies poses a problem that cannot be handled by Piagetian theory:
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how an individual can be precocious in just one area of development. (I
might note parenthetically that none of the other approaches reviewed
here can deal adequately with prodigious behavior either.) Second, a sur-
vey of prodigies provides support for the notion of particular symbolic do-
mains, since prodigious behavior is characteristically found in certain
domains (mathematics, chess playing) while rarely if ever in other ones (lit-
erary skill). Study of prodigious achievement also provides support for the
Piagetian belief in specific stage sequences, since the progress of prodi-
gies can be well described in terms of negotiation of a set of steps or stages.
And, because prodigious accomplishment is not possible without extensive
environmental support, focus on the prodigy also highlights the contribu-
tions of the society. Finally, through attention to unusual populations like
prodigies, investigators of various forms of intelligence have the opportu-
nity to probe the nature and the operation of certain intellectual compe-
tences in pristine form.

Not surprisingly, each of the aforementioned researchers working in
the symbol systems tradition exhibits a somewhat different focus. For in-
stance, Gavriel Salomon, an educational psychologist working in Israel, has
focused particularly on the media of transmission: he studies the modus
operandi of television, books, and film and the ways in which the various
symbol systems of the cultures are picked up and transmitted by these
media. Moreover, he has tackled the question of which “prostheses™ might
enable individuals to acquire information more readily from the various
media. David Olson, a cognitive developmental psychologist at the Ontario
Institute for Studies on Education, pioneered in this area by showing that
even in a task as simple as constructing a diagonal, the medium of pres-
entation exerts a profound influence on a childs performance. Recently,
Olson has focused more on the role of the symbol systems of literacy. He
has accrued evidence that individuals reared in a society where literacy is
highlighted learn (and reason) differently from those who employ other
kinds of symbol systems in nonschooled settings.

In work at Harvard Project Zero, my colleagues and I have sought to
uncover the fine structure of development within each particular symbol
system. We have sought to ascertain whether certain common processes
may cut across diverse symbol systems, or whether, alternatively, each sym-
bol system is better described as having its own developmental course.
Then, in complementary research at the Boston Veterans Administration
Medical Center, my colleagues and I posed the opposite question. In which
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ways do the various human symbolic capacities break down under spe-
cific conditions of brain damage? Drawing on information from the de-
velopmental and the neuropsychological perspectives, we have striven to
arrive at a more satisfactory notion of the structure and organization of
human symbolic functioning. Our goal has been to arrive at the “natural
kinds” of symbol systems: the families of symbol systems that hang to-
gether (or fall apart), and the ways they might be represented in the
human nervous system.

To my mind (and here I do not presume to speak for others in the sym-
bol systems movement), a pivotal issue concerns the definition and delin-
eation of particular symbolic domains. Proceeding in terms of logical
considerations, one can effect discriminations among specific symbol sys-
tems. This is what Nelson Goodman and other philosophers have elected
to do. One can also adopt a historical or a cultural view, simply taking as
given the list of particular symbol systems or domains that a culture has
chosen to exploit for educational or communicational purposes. Following
this line of argument, one refers to map making or chess playing, history
or geography, as domains, just because they have been so designated by
the culture as a whole. One can also adopt the empirically ordered ap-
proach of intelligence testers: here one simply ascertains which symbolic
tasks correlate statistically, and assumes that these reflect the same un-
derlying competence. In following this path, one is restricted by the na-
ture of the tasks used. Hence, one may well come up with a misleading
correlation, particularly if one happens to have used an idiosyncratic col-
lection of tasks.

Finally, one can assume the approach of the neuropsychologist, who
looks at which symbolic capacities break down together under conditions
of brain damage, and hypothesizes that these reflect the same natural kind.
Even this approach (to which I am personally wedded) has its pitfalls, how-
ever. For one thing, physical proximity in the nervous system may not re-
Hect similar neural mechanisms. Highly different functions might be
carried out in neighboring regions of the cortex. For another, the way in
which cultures “mold” or “exploit” raw computational capacities may in-
fluence the organization of capacities; and it may be the case that across
different cultures, one encounters different patterns of breakdown—as
happens, for example, when cultures have evolved radically different forms
of reading, one involving pictographs, another based upon character-sound
correspondence. The lesion that causes reading disturbance in one culture
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(say, Italy) produces no disturbance in a culture where reading proceeds
by a different mechanism (say, Japan).

There are other difficulties with a neuropsychological approach. Even
though breakdowns provide valuable insight into organization of intact
capacities, one cannot blithely assume that breakdown directly unmasks
organization. The ways a radio breaks down (for example, through de-
struction of a plug) do not necessarily tell you how best to describe the or-
dinary operation of the radio. After all, while you can stop the radio by
pulling out the plug, this information is irrelevant for understanding the
actual mechanical and electrical workings of the apparatus.

In view of these and other limitations in each “window” upon symbolic
functioning, I have taken a determinedly catholic approach in what follows.
I have surveyed information from a wide range of sources—including de-
velopmental data, psychometric findings, descriptions of special popula-
tions, such as idiots savants and prodigies—all in an effort to arrive at an
optimal description of each domain of cognition and symbolization.
Nonetheless, every researcher has a bias; and in my own case, I believe
that the most valuable (and least misleading) information is likely to come
from a deep knowledge of the nervous system: how it is organized, how it
develops, how it breaks down. Findings from the brain, in my view, serve
as the court of last resort, the ultimate arbiter among competing accounts
of cognition. Therefore, before embarking upon my study of different in-
telligences, I shall survey some relevant highlights of recent work in the
biological sciences.
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Biological Foundations
of Intelligence

The Phenomena to Be Explained

A comprehensive science of life must account for the nature, as well as the
variety, of human intellectual competences. In view of the spectacular
progress of recent decades in such areas as biochemistry, genetics, and
neurophysiology, there is every reason to believe that the biological sci-
ences will eventually be able to offer a cogent account of these intellectual
phenomena. Indeed, it is high time that our understanding of human in-
tellect be informed by the findings that have accrued in the biological sci-
ences since the time of Franz Joseph Gall. And yet, because psychologists
and biologists inhabit different environments, the task of marshaling biol-
ogy to explain human intelligence has barely begun.

As I read current findings in the brain and biological sciences, they
bear with particular force on two issues that concern us here. The first
issue involves the flexibility of human development. The principal tension
here centers on the extent to which the intellectual potentials or capaci-
ties of an individual or a group can be altered by various interventions.
From one point of view, development may be viewed as relatively locked-in,
preordained, alterable only in particulars. From an opposing perspective,
there is far more malleability or plasticity in development, with appro-
priate interventions at crucial times yielding an organism with a far dif-
ferent range and depth of capacities (and limitations). Also pertinent to
the issue of flexibility are the related questions of the kinds of interven-
tion that are most effective, their timing, and the role of critical periods
during which pivotal alterations can be brought about. Only if such issues
are resolved will it be possible to determine which educational interventions
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are most effective in allowing individuals to achieve their full intellec-
tual potentials.

The second issue is the identity, or nature, of the intellectual capaci-
ties that human beings can develop. From one point of view, which I as-
sociated earlier with the hedgehog, human beings possess extremely
general powers, all-purpose information-processing mechanisms that can
be put to a large, or perhaps even an infinite, number of uses. From an
opposite perspective, that more reminiscent of the fox, human beings (like
other species) have a proclivity to execute certain specifiable intellectual
operations while proving incapable of performing other intellectual oper-
ations. An allied issue concerns the extent to which different portions of the
nervous system are, in fact, committed to carrying out particular intellec-
tual functions, as opposed to being available for a wide range of operations.
It proves possible to analyze this issue of identity at various levels, ranging
from the functions of specific cells, at one extreme, to the functions of each
half of the brain, on the other. Finally, as part of this concern with identity,
the biologist needs to account for those capacities (like language) that seem
to evolve to a high degree in all normal individuals, as against other ca-
pacities (like music) where striking differences in individual achievement
are far more prevalent.

Taken together, these sets of questions add up to a search for general
principles that govern the nature and the development of human intellec-
tual capacities, and that determine how these are organized, tapped, and
transformed over a lifetime. Much current work in the biological sciences
strikes me as relevant to these issues, though often it has not been con-
ceived along these lines. Here I attempt to mine those lodes of research
that seem most relevant to a student of the human mind.

In my view, the preponderance of evidence points to the following con-
clusions. There is considerable plasticity and flexibility in human growth,
especially during the early months of life. Still, even that plasticity is mod-
ulated by strong genetic constraints that operate from the beginning and
that guide development along some paths rather than along others. As for
the issue of identity, evidence is accumulating that human beings are pre-
disposed to carry out certain specific intellectual operations whose nature
can be inferred from careful observation and experimentation. Educational
efforts must build upon a knowledge of these intellectual proclivities and
their points of maximum flexibility and adaptability.
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These, then, are some conclusions at which one may arrive after weigh-
ing the relevant biological evidence. For individuals already familiar with
the findings of the biological sciences, as well as for those who have little
tolerance for reports from the “harder” sciences, it is possible at this point
in the narrative to move directly to Chapter 4, where I introduce the cri-
teria for an intelligence. Those with an interest in the details that under-
gird the foregoing conclusions are invited to enter the realm of genetics.

Lessons from Genetics

Once one has elected to peer through the biologist’s lens, an initial con-
cern with genetics is virtually inevitable (and certainly proper). Moreover,
given the incredible strides made in genetics, since the “code was cracked”
by James Watson and Francis Crick some thirty years ago, it is not sur-
prising that psychologists have searched—in the composition of DNA,
RNA, and their fascinating interaction—for the answer to puzzles about
intellect. Unfortunately, however, lessons from this line of study are far
from direct.

To be sure, the geneticists’ discoveries must form the point of depar-
ture for any biological study. After all, we are living organisms; and, in one
sense, everything that we will ever achieve has been coded in our genetic
material. Moreover, the distinction between the genotype—the organism’s
makeup as determined by the genetic contributions of each parent—and
the phenotype—the organism’s observable characteristics as expressed
within a given environment—is fundamental to consideration of any indi-
vidual’s behavioral and intellectual profile. Equally fundamental is the
notion of variation: because of the huge number of genes contributed by
each parent and the innumerable ways in which they can be combined, we
need not worry that any two individuals (except identical twins) will un-
duly resemble one another, or that any two individuals will exhibit identi-
cal profiles.

Genetics has made its greatest progress in accounting for simple traits
in simple organisms. We know a great deal about the genetic basis for
structures and behaviors in the fruit fly; and through studies of inheritance
patterns, we have gained insight into the transmission of specific human
pathologies like sickle cell anemia, hemophilia, and colorblindness. But
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when it comes to more complex human abilities—the capacities to solve
equations, to appreciate or create music, to master languages—we are still
woefully ignorant about the genetic component and its phenotypical ex-
pression. First of all, these abilities cannot be studied experimentally in
the laboratory. Furthermore, rather than being related to a specific gene
or a small set of genes, any complex trait reflects many genes, a fair num-
ber of which will be polymorphic (allowing a number of different realiza-
tions across a range of environments). Indeed, when it comes to capacities
as broad (and vague) as human intelligences, it is questionable whether
one ought to speak of “traits” at all.

Those scholars of a geneticist bent have, of course, speculated about
what a talent might be. According to one such account certain combina-
tions of genes may be correlated with one another, and these in turn may
cause the production of enzymes that atfect specific structures in one re-
gion of the brain. As a result of enzyme action, these structures might be-
come larger, feature more connections, or promote more inhibition, any
one of which possibilities might culminate in a greater potential for high
achievement. But the very fact that these speculations involve so many hy-
pothetical steps indicates how far they are from being established facts.
We do not even know whether those individuals who have a talent (or, for
that matter, a glaring defect) reflect an inherited tendency to form certain
neural connections (which would then be found in others who are closely
related) or whether they simply represent one tail of a randomly gener-
ated distribution (in which case they could equally well arise in any two
unrelated individuals).

Probably the most reliable clues to the genetics of human talents come
from studies of twins. By comparing identical twins with fraternal twins, or
identical twins reared apart with those reared together, we can gain some
purchase on which traits are most subject to hereditary influences. Still,
scientists eyeing the same set of data—and not even disputing the data—
can reach widely divergent conclusions about heritability. Simply on the
basis of certain mathematical and scientific assumptions, some scientists
would place the heritability of intelligence (as measured by IQ tests) as
high as 80 percent. In other words, these authorities would claim that up
to 80 percent of the variability in intelligence scores in that population
can be ascribed to one’s genetic background. Other scientists pondering
the same data but operating on different assumptions would estimate her-
itability as less than 20 percent or even zero. Naturally, most estimates
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run somewhere in between, with 30 percent to 50 percent being com-
monly cited. There is considerable agreement that physical traits are most
straightforwardly genetic, that aspects of temperament are also largely ge-
netic; but that when one comes to aspects of cognitive style or personality,
the case for high heritability is far less convincing.

The genetic literature provides few unequivocal answers to questions
that preoccupy a student of intelligence. Nonetheless, there are useful
concepts that might inform our investigation. Let’s begin with the well-
documented fact that, as a result of their genetic makeup, certain individ-
uals are “at risk” for a given disease (like hemophilia) or neurological
condition (like severe retardation). This fact does not in itself certify that
they will get the disease; factors of probability as well as accidents of en-
vironment or special treatment also play their role. This fact suggests only
that, other things being equal, these individuals are more likely to contract
the disease than is someone without this hereditary disposition.

By analogy, it may be useful to consider certain individuals as “at prom-
ise” for the flowering of a certain talent. Again, this diagnosis does not en-
sure that they will develop the talent: one will not become a great chess
player, or even a “patzer,” in the absence of a chess board. But given an
environment where chess is played, and some stimulation, individuals of
promise have a special proclivity for acquiring the skill rapidly and reach-
ing a high level of competence. Being at promise is a sine qua non for be-
coming a prodigy; even so, thanks to certain “hot house” training methods,
such as the Suzuki Violin Talent Education Program, even an individual
with apparently modest genetic promise may make remarkable strides in
a short time.

Another suggestive line of speculation concerns the variety of traits and
behavior of which human beings are capable. In a large and heterogeneous
population like ours, with considerable intermarriage, one encounters a
wide variety of traits; but over time, extreme traits tend to become invisi-
ble or to disappear altogether. In contrast, certain populations (for example,
those in isolated South Sea islands) have lived as a single group for thou-
sands of years and have avoided any kind of intermingling with other groups.
These latter populations will exhibit genetic drift: through processes of nat-
ural selection, they will come to possess a genetic pool that may be dis-
tinctly different from that of other populations.

It is not always possible to separate out the purely genetic factors from
those reflecting an unusual natural environment or an exotic cultural sys-
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tem. Yet, according to the virologist Carleton Gajdusek, who has studied
many primitive societies, populations subjected to genetic drift often ex-
hibit a remarkable set of characteristics, including unusual diseases, im-
munities, physical traits, behavioral patterns, and customs. It becomes
crucial to record these factors before they disappear, or become invisible,
owing to the demise of the group or to its extensive intermingling with
other populations. Only by careful documentation of these groups will it
become possible to determine the full range of human abilities. Indeed,
once these groups have disappeared, we may not even be able to envision
that they could have been capable of the actions, skills, or traits that they
in fact exhibited. But once we have established that some group—in fact,
that any human being—has exhibited a certain competence, we can look
for—and attempt to foster—that capacity in other members of the species—
our species. (An opposite course can be pursued in the case of undesirable
traits or competences.) To be sure, we can never definitely establish that
a given trait has a genetic component, but that determination actually
proves irrelevant to our present concern: documentation of the varieties
of human nature.

Consider this perspective in another way. Our genetic heritage is so
variegated that one can postulate all kinds of abilities and skills (as well
as maladies and infirmities) that have not yet emerged, or that we have
not yet come to know about. Given genetic engineering, countless other
possibilities arise as well. An individual with a clever imagination might
well be able to anticipate some of these possibilities. However, it is a far
more prudent research strategy to sample widely among human beings
of diverse stock and to determine which competences they have in fact
achieved. Studies of remote and isolated groups—the prize for the
geneticist—prove extremely valuable for psychologists as well. The broader
the sampling of human beings, the more likely that any list of the range
of human intelligences will be comprehensive and accurate.

The Neurobiological Perspective

While genetics still proves to be of limited utility for the student of intel-
ligence, a review of neurobiology—including the specialties of neuro-
anatomy, neurophysiology, and neuropsychology—promises to bear much
richer fruit. Knowledge of the nervous system is accumulating as rapidly
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as knowledge of genetics, and the findings are much closer, so to speak, to
phenomena of cognition and the mind.

Canalization Versus Plasticity

A study of neurobiology bears critically on the two central issues with
which I am concerned in this chapter. We can ferret out general princi-
ples, as well as specific nuances, concerning the flexibility of development
and the identity of human competences. In this survey, I shall begin by
considering the issue of flexibility, and particularly those findings that doc-
ument the relative plasticity of the nervous system during the early phases
of development. Following the review of flexibility, I shall turn to those
lines of research that help illuminate the abilities and operations of which
human beings are capable. Though my concern throughout this volume
will fall on the capacities of human beings, and the extent to which they can
be developed and educated through appropriate interventions, most of the
findings that I review will, in fact, be drawn from research with animals—
invertebrates as well as vertebrates. And in this effort, I have been helped
in particular by two lines of work that have deepened our understanding
of the principles of development: the work of David Hubel, Torsten Wiesel,
and their co-workers on the development of the visual system in mammals;
and the works of Fernando Notebohm, Peter Marler, Mark Konishi, and
their co-workers on the development of singing capacities in birds. While
the transfer from animal to human populations must be made cautiously,
particularly in the intellectual realm, findings in these areas are far too sug-
gestive to be ignored.

A key concept for the understanding of neural growth and develop-
ment is canalization. First posited by C. H. Waddington, a geneticist at
Edinburgh University, canalization refers to the tendency of any organic
system (like the nervous system) to follow certain developmental paths
rather than others. Indeed, the nervous system grows in an exquisitely
timed and elegantly programmed fashion. The origins of cells in the fledg-
ling neural tube, and their migration to regions where they will eventually
constitute the brain and spinal chord, can be observed with predictable
regularity within and, to some extent, even across species. Far from rep-
resenting a random or accidental collection, the neural connections that
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are actually effected reflect the highest degree of biochemical control. One
beholds a stunning epigenetic sequence where each step in the process
lays the groundwork for, and facilitates the unfolding of, the next.

To be sure, the development of any system also reflects environmental
influences: if, through experimental intervention, one alters the chemical
balance, one can affect the migration of particular cells or even cause one
cell to carry out the function ordinarily assumed by another. Yet according
to Waddington, it proves surprisingly difficult to divert such patterns from
what appears to be their prescribed developmental goals—in the present
case, an adequately functioning nervous system. As Waddington put it, “it
is quite difficult to persuade the developing system not to finish up by pro-
ducing its normal end result.” Even if one seeks to block or otherwise to
divert the expected patterns, the organism will tend to find a way to finish
up in its “normal” status; if thwarted, it will not return to its point of origin
but will rather make its peace at a later point in the developmental course.

So far my description of the development of the nervous system has
stressed strict, genetically programmed mechanisms. This is appropriate.
And vet an equally amazing facet of biological development is its flexibil-
ity, or, to adopt the more technical epithet, its plasticity. An organism ex-
hibits plasticity in a number of ways. To begin with, there are certain
developmental periods where a relatively wide range of environments can
each bring about the proper effects. (For example, if a human infant is
swaddled for most of the first year of life, it will still walk normally during
the second year.) Moreover, in the event that the young organism is de-
prived or damaged in a significant way, it may often exhibit great recuper-
ative powers. Indeed, in general, this plasticity proves greater at the earliest
points in development. For example, even if a human infant loses the dom-
inant of its two cerebral hemispheres, it will still learn to speak. But there
is a point at which the Rubicon is crossed, and plasticity is permanently on
the wane. The adolescent or the adult who loses a hemisphere will be se-
verely impaired.

Yet even these generalizations about plasticity must be qualified. First
of all, sometimes early injury or deprivation can have extremely severe re-
sults (e.g., failure to use one eye during the first months of life infirms the
possibility of binocular vision). Second, certain abilities or skills prove ro-
bust, even in the face of an adult injury, thus suggesting a residual plastic-
ity that endures throughout much of the life cycle. Some adults recover
the ability to talk despite massive injury to the left (or dominant) hemi-
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sphere of the brain, and many recover the use of paralyzed limbs. Overall,
the notion of plasticity cannot be considered apart from the timing of a
particular manipulation or intervention and from the nature of the behav-
ioral competence involved.

Plasticity is limited in other ways as well. Reflecting their behaviorist
heritage, some psychologists have been prone to assume that most any or-
ganism can, given proper training, learn to do most anything. Searches for
“horizontal” “Laws of Learning” have often reflected this faith. Similar
claims have been made about human beings, such as the suggestion that
anything can be learned at any age, in some useful form. More recent stud-
ies have come down, however, in harsh opposition to this optimistic cast of
mind. An emerging consensus insists that each species—including ours—
is specially “prepared” to acquire certain kinds of information, even as it
proves extremely difficult, if not impossible, for that organism to master
other kinds of information.

A few examples of this preparedness and counter preparedness will be
helpful. We know that many birds are capable of learning songs, and some
can eventually produce a great variety of songs. And yet female sparrows
may be so carefully “pretuned” that they are sensitive only to the particu-
lar dialect sung by males in their own region. Rats can learn very quickly
to run or jump to escape shock but only with greatest difficulty to press a
lever in order to effect the same escape. Moreover, there are even limita-
tions to the jumping mechanism. While jumping to avoid a shock seems
to be a natural or “prepared” response, if the rat must jump in a box with
a closed lid, learning will be extremely slow. The ease with which all nor-
mal (and many subnormal) individuals master natural language (despite
its apparent complexity) suggests that the species as a whole is specially
prepared to acquire facility in this realm. By the same token, the difficul-
ties most humans exhibit in learning to reason logically—particularly when
propositions are presented in an abstract form—suggests no special pre-
paredness in this area and perhaps even a predisposition to attend to the
concrete specifics of a situation rather than to its purely logical implica-
tions. While no one understands the reasons for selective preparedness, it
may be that certain neural centers can be readily triggered, stimulated,
programmed, and/or inhibited while others prove far more difficult to ac-
tivate or inhibit.

In the light of these general remarks about plasticity in behavior, we are
now in a position to look more closely at evidence pertaining to the degree
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of determinedness (or flexibility) that characterizes the developing organ-
ism. Our survey will consider the particulars of plasticity around the time
of birth, the effects of various early experiences on subsequent develop-
ment, and the possibility that various kinds of learning can be understood
at the neurological or the biochemical level.

Principles of Plasticity During Early Life. While the particulars concern-
ing each species differ, research on plasticity in early life has yielded a
number of principles that seem reasonably robust. A first principle enun-
ciates the maximum flexibility encountered early in life. Consider one ex-
ample, which can stand for many others in the literature. As explained by
W. Maxwell Cowan, neurobiologist at the Salk Institute, both the forebrain
and the neural part of the eye develop out of the head end of the neural
plate. If, at an early stage in development, one removes a small piece of
ectodermal tissue, neighboring cells proliferate, and the development
of both the brain and the eye should proceed normally. But if the same
operation is performed a little later, there is a permanent defect either in
the forebrain or in the eye; the actual damage depends on the particular
piece of tissue that has been removed. Such progressive “blocking out”
leads to the determination of increasingly precise regions of the brain.
Studies by other neurobiologists, such as Patricia Goldman, confirm that
during the earliest period of life, the nervous system can adapt flexibly to
severe injury or experimental alteration. For some time thereafter, the
nervous system may devise an alternative route or connection that may
prove adequate; but if the injury or alteration occurs too late during the
developmental process, the relevant cells will either connect randomly or
atrophy altogether.

A second related principle underscores the importance of so-called
critical periods during the process of development. For example, in the cat,
there is a critical period in visual development from the third to the fifth
postnatal week. If, during this time, one eye is deprived of form or light,
then the central connections of the eye change and the ill-seeing eye will
be suppressed from functioning. Such interference seems to be perma-
nent. As a general point, it seems that the most vulnerable time for an or-
ganism occurs during these sensitive periods. Irreversible damage to the
central nervous system seems particularly likely to occur in the wake of
even mild restrictions during such a critical period. Conversely, rapid de-
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velopment will occur if the proper conditions are obtained during the crit-
ical period.

According to a third principle, the degree of flexibility differs across
the region of the nervous system with which one is concerned. Regions
that develop later in childhood, such as the frontal lobes or the corpus cal-
losum, turn out to be more malleable than those that have developed in the
first days and weeks of life, such as a primary sensory cortex. The surpris-
ing degree of uncommittedness that characterizes regions like the corpus
callosum seems to reflect both the need for a high degree of modifiability
for certain cortical connections and the importance of specific postnatal
experiences in determining the kinds of connection that will ultimately be
made. Indeed, when it comes to the most complex of human capacities,
such as language, the individual can withstand even massive damage, in-
cluding the removal of an entire hemisphere, during the first few years of
life and still acquire the ability to speak in a reasonably normal fashion:
this recovery suggests that large portions of the cortex remain uncommit-
ted (and thus available for diverse uses) during early childhood.

A fourth principle concerns those factors that mediate or modulate
development. An organism will fail to develop normally unless it under-
goes certain experiences. Thus, the cat’s visual system will not develop
normally—and parts of it will actually atrophy—if the animal is not ex-
posed to patterned light after birth. Moreover, the cat must be exposed to
a variegated environment, permitted to use both eyes, and move about its
environment. If exposed to horizontal patterns only, the cells destined to
carry out vertical processing will either atrophy or be taken over for other
functions. If the cat is allowed to use only one eye, those cells dedicated
to binocular vision will degenerate. And if the cat does not move actively
in its environment—for example, if it is passively transported through a
patterned environment—it will also fail to develop a normal visual system.
It seems that the neural system that mediates vision exhibits a scheduled
plan for development that “expects” visual inputs of certain sorts during
sensitive periods. If proper stimulation is lacking, or if inappropriate stim-
ulation is supplied, the usual developmental goals will not be achieved, and
the animal will fail to function properly in its environment.

A final principle treats the long-term effects of injury to the nervous
system. While some injuries exert immediate and evident effects, others
may be invisible at first. Suppose, for example, that a region of the brain
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that is destined later in development to assume an important function hap-
pens to be injured at an early point in life. It may well be that the conse-
quences of the injury will not be observed for some time. Thus, injuries to
the frontal lobes in primates may not be detected during the first years of
life but may become all too manifest at a later time when the animal is ex-
pected to carry out those complex and organized forms of behavior that
are ordinarily mediated by the frontal lobes. Early brain injury may also
stimulate certain anatomical reorganizations that ultimately prove coun-
terproductive. For instance, connections may be formed that allow the an-
imal to carry out tasks crucial at the present time but that prove useless
for the emergence of needed skills at a later time. In such cases, the ten-
dency of the nervous system to canalize may actually have maladaptive
long-term consequences.

Consideration of these five principles should confirm that any simple
verdict on the issue of determination versus flexibility is impossible. Strong
pressures favor each factor, and both therefore exert considerable influ-
ence on the development of the young organism. Determination (or canal-
ization) helps to ensure that most organisms will be able to carry out the
functions of the species in the normal way; flexibility (or plasticity) allows
for adaptability to changing circumstances, including anomalous environ-
ments or early injuries. Clearly, if one must sustain an injury, it is better to
have it early; but probably every deviation from the normal developmen-
tal path exacts its cost.

Early Experience. Up to this point, I have considered chiefly the effects of
specific kinds of experience (such as exposure to certain kinds of stripes)
upon relatively circumscribed regions of the brain (most notably, the vi-
sual system). But psychologists and neurologists have also examined the
question of more general effects of stimulation, or deprivation, on the over-
all functioning of organisms.

Pioneering studies come from Mark Rosenzweig and his colleagues at
the University of California at Berkeley. Beginning in the early 1960s, the
Rosenzweig group raised animals (chiefly rats) in environments that were
enriched: these environments featured numerous other rats as well as var-
ious toys, such as ladders and wheels. A comparable set of rats were raised
in an “impoverished environment,” which contained enough food but no
special features. The “enriched rats” performed better on various behav-
ioral tasks and were also trimmer than their well-fed but duller peers. After
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eighty days in these contrasting environments, all the rats were sacrificed
and their brains subjected to analysis. The crucial findings: the cerebral
cortexes of the enriched rats weighed 4 percent more than the cortexes of
the impoverished (though fatter) rats. More crucially, the largest increase
in brain weight occurred in those portions of the brain that serve visual
perception, presumably the portions that had been particularly stimulated
in the enriched environment.

Numerous studies with rats and other species have confirmed that an
enriched environment produces more elaborate behavior as well as pal-
pable changes in brain size. Effects can be surprisingly specific. The
Rosenzweig team has shown that if you provide a richer experience to only
one half of the brain, only that half exhibits changes in cell structure.
William Greenough has demonstrated that in animals raised in complex
environments, one finds larger nerve cells in some brain areas, as well as
more synapses, synaptic connections, and other dendritic connections. As
he summarizes it, “the gross regional size changes that accompany differ-
ences in experience are associated with changes at the neuronal level in
the number, pattern, and qualities of synaptic connections.”

Other intriguing and highly specific brain changes have been claimed.
As part of his studies of the songs of male canaries, Fernando Nottebohm
has correlated the size of two nuclei in the bird’s brain with the appear-
ance of singing. He finds that during the most productive vocal periods,
these two nuclei may become double the size they reach during the least
productive period, during the summer molt. Then, when the brain grows
larger in the fall, new nerve fibers develop, fresh synapses are formed, and
accordingly, a larger song repertoire once again emerges. Apparently, in
birds, the learning (or relearning) of a motor activity translates directly into
the size of the relevant nuclei, the number of neurons, and the extent of
connections among them.

To my knowledge, scientists have hesitated to speculate in print about
similar changes in brain size accompanying (or causing) the diverse ability
profiles in human beings. In the absence of suitable experimental methods,
such prudence seems proper. But it is worth citing the observation of two
talented neuroanatomists, O. and A. Vogt. For many years, the Vogts con-
ducted neuroanatomical studies of the brains of many individuals, includ-
ing talented artists. One painter whose brain they observed turned out to
have a very large fourth layer of cells in his visual cortex; and a musician

with perfect pitch from early childhood had an analogously large region of
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cells in his auditory cortex. As hypotheses of this sort become more re-
spectable, and as noninvasive methods for studying brain size, shape, and
processing routes become more widely utilized, I would not be surprised
to find contemporary support for these ancient phrenological themes.

But bigger is not always better, and vast numbers of cells or fibers are
not always virtues in themselves. Indeed, one of the most fascinating find-
ings of recent years in neurobiology supports this cautionary note. Initially,
the nervous system produces a great excess of neuronal fibers; a significant
portion of the developmental process involves the pruning, or atrophying,
of excessive connections that do not appear to be necessary and may, in
fact, be injurious to normal function. The most critical interpretations
along these lines have been made by two French scientists, Jean-Pierre
Changeux and Antoine Danchin. These researchers have noted that in di-
verse regions of the brain, there are many more neurons initially than will
eventually survive. A period of “selective cell death™ occurs, usually at
about the time when the population of neurons are forming synaptic con-
nections with their designated targets. The death may involve anywhere
from 15 percent to 85 percent of the initial neuronal population.

Why should there be a large excess of initial connections, and why
should certain connections endure while others atrophy? There is specu-
lation that early excessive “sprouting” reflects (or better, constitutes) the
flexibility of the period of growth. This normal feature of development also
has adaptive advantages. If some damage occurs during a time when ex-
cessive connections are available, the chances are greater that the organ-
ism will survive despite injury. In support of this notion, a tremendous
growth in cell connections occurs immediately after a lesion, with some-
times as much as six weeks” worth of growth occurring in seventy-two
hours. Analogously, if one eye is removed at birth, the death of retinal gan-
glion cells, which would ordinarily occur in the first two postnatal weeks,
is markedly reduced.

There are other possible reasons for this proliferation of cell processes
and synapses. During this period of richness, there appears to be intense
competition among the cells, with those that are most effective in forming
connections of the appropriate strength and specificity proving most likely
to survive. Perhaps, in time-honored Darwinian fashion, this proliferation
may entail a kind of competition, allowing the most fit or appropriate of
the organism’s nerve fibers to prevail.
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An excess of nerve fibers in early development may well lead to the
transient appearance of functional and behavioral properties associated
with the excess connections. And here one may encounter U-shaped
phenomena, where the behavior of the immature organism (the left arm
of the U) bears a striking resemblance to behavior ordinarily found only
among adult organisms (the right arm of the U). Quite possibly, certain
early reflexes in humans—Iike swimming or walking—reflect a prolifera-
tion of connections that temporarily allow certain precocious behavior. It
is also possible that the tremendously rapid learning of which young or-
ganisms are capable, particularly during certain critical periods, may be
related to an excess of connections, some of which will soon be pruned or
eliminated. For instance, in human beings, the density of synapses in-
creases sharply during the first months of life, reaches a maximum at the
ages of one to two (roughly 50 percent above the adult mean density), de-
clines between the ages of two and sixteen, and then remains relatively
constant until the age of seventy-two. More than one scientist has specu-
lated that the extremely rapid learning of the young child (for example, in
the area of language) may reflect an exploitation of the large number of
synapses available at that time.

And after the pruning has occurred? We may have here a functional
definition of maturity—that time when excess cells have been eliminated
and the originally targeted connections have been effected. The flexibility
of youth seems at an end. Through survival of the fittest, the number of
neurons has now been adjusted to match the size of the field that they are
designed to innervate. (If a new target like an extra limb is surgically added,
the number of neurons will not decline as precipitously; there is now ad-
ditional space in which the synapses can be formed.) The critical period
apparently ends when the process of synapse elimination has progressed to
the point where few;, if any, synapses are still capable of competitive inter-
action. Most scientists feel that there are further neural changes later in
life. But, whether with aging there is a gradual decline in synaptic density,
progressive reduction in dendritic length and branching, or a more selec-
tive loss (being restricted to certain areas of the cortex) is an issue on which
scientists are not yet agreed.

Biological Bases of Learning. Understandably, most neurobiological research
with implications for human beings has been conducted with primates;
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and there has been a focus on the principal sensory systems, which pre-
sumably work similarly across the biological order. But recently there have
been efforts to understand the basis of learning, using species quite re-
mote from man. Because of the suggestiveness of the findings, I quote two
samples here.

In my view, a veritable treasure trove of information that has stimu-
lated the thinking of cognitively oriented scholars has been obtained by
students of bird song. Although from a different order of animals, bird song
involves highly complex activities, which, as it happens, are lateralized to
the left portion of the bird’s brain and are all mastered in instructive ways
during the juvenile period.

In the face of many differences across bird species, a few generaliza-
tions seem warranted. Early in the first year of life, the male bird produces
a subsong—a babbling output that continues for several weeks. This is fol-
lowed by the period of plastic song, a longer interval, where the bird re-
hearses a large number of the bits of those songs that it will eventually use
to communicate its territory to other birds and also to advertise for a mate.
This playful rehearsal resembles the exploratory activities exhibited by pri-
mates in many realms of activity.

Where avian species differ from one another is in the flexibility and the
conditions of song learning. Some birds, like the ringdove, will come to
sing the song of their species eventually, even in the absence of exposure
to the correct model. Some birds, like canaries, require feedback from
their own singing, but not exposure to a model. (If such birds are deaf-
ened, they fail to master their species’ repertoire.) And other birds, like
the chatfinch, require exposure to the models supplied by conspecifics, in
order to sing an appropriate song. Some birds sing the same songs each
year, while others alter their repertoire on an annual basis. (It is clearly
vital to understand the biological underpinnings of these “cultural” differ-
ences.) But what is striking is that the bird emits during learning far more
songs and song bits than it will vocalize during its adult prime. Moreover,
birds are oriented to favor the songs from the environment that their
species is destined to learn, and (relatively speaking) to ignore songs from
other species or even other dialects of their own species.

As T have already noted, the production of song depends upon struc-
tures in the left portion of the bird’s nervous system. Lesions there prove
far more disruptive than lesions in matching areas of the right brain. One
can, in fact, produce an aphasia—or amusia—in birds. But the aphasic ca-
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nary can recover its prior songs because the homologous pathways of the
right hemisphere have the potential of being exploited. In this recovery of
function, birds are more fortunate than adult humans.

The learning of bird songs provides one intriguing model for how
organisms come to master a highly particular kind of skill through the in-
terplay of environmental stimulation, exploratory practice, and a predis-
position to develop certain structures of the nervous system. In my view,
it may well prove possible some day to apply some of the principles in-
volved in the learning of bird song to the processes whereby higher or-
ganisms (including human beings) come to master the cognitive and
symbolic systems of their own cultural milieu. Another quite divergent set
of researches, using a simple mollusk called Aplysia Californica, promises
to cast additional light on the biological bases of learning.

With his colleagues, Eric Kandel of Columbia University has been ex-
amining the simplest forms of learning in Aplysia. He has been investi-
gating how this organism, with a relatively small number of neurons,
becomes able to habituate to a stimulus (so that it no longer responds
after a while), becomes sensitized to a stimulus (so that it can respond even
in the presence of diminished stimulation), and becomes classically con-
ditioned (so that it can respond to a learned, or conditioned, stimulus as
well as to an unconditioned, or reflexive, stimulus). And he has come up
with four major principles.

First of all, elementary aspects of learning are not diffusely distributed
in the brain but can rather be localized in the activity of specific nerve cells.
Some learned behavior may involve as few as fifty neurons. Second, learn-
ing results from an alteration in the synaptic connections between cells:
rather than necessarily entailing new synaptic connections, learning and
memory customarily result from alteration in the strength of already ex-
isting contacts. Third, prolonged and profound changes in synaptic
strength can come about through an alteration in the amount of chemical
transmitter released at the terminals of neurones—the sites at which cells
communicate with other cells. And so, for example, in the course of ha-
bituation, each action potential produces progressively less influx of cal-
cium and, hence, less transmitter release than does the preceding action
potential. Finally, these simple processes of altering synaptic strengths can
be combined to explain how progressively more complex mental processes
take place, and thus yield, in Kandel’s phrase, a “cellular grammar” un-
derlying various forms of learning. That is, the same processes that explain
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the simplest form of habituation serve as a kind of alphabet from which
one can compose far more complex forms of learning, such as classical con-
ditioning. As Kandel summarizes his findings:

Basic forms of learning, habituation, sensitization, and classical condi-
tioning select among a large repertory of pre-existing connections and
alter the strength of a subset of this repertory. . . . An implication of this
view is that the potentialities for many behaviors of which an organism
is capable are built into the basic scaffolding of the brain and are to that
extent under genetic and developmental control. . . . Environmental fac-
tors and learning bring out these latent capabilities by altering the
effectiveness of the pre-existing pathways, thereby leading to the ex-

pression of new patterns of behavior.

Thanks to Kandel and the lowly mollusk, some of the major forms of
learning investigated by psychologists can be described in terms of events
occurring at the cellular level, even including certain candidate chemical
transactions. The once seemingly unbridgeable gap between behavior and
biology seems to have been sealed. The work of Kandel and his associates
also casts tantalizing light on those issues of the specifiability of particular
competences, which will concern us in the following pages. It seems that
the same principles may characterize all neural cells, independent of
species membership or form of learning—apparent support for a “hori-
zontal” view of learning. And yet, as Kandel indicates, organisms them-
selves seem capable of only certain patterns of behavior and not others;
and this phenomenon will also have to be accounted for in any biological
approach to cognition.

In contrast to the state of affairs in genetics, where links between the
mainstream of the science and issues of human cognition were few and
speculative, the view from neurobiology has proved far more revealing for
our enterprise. Clear principles of plasticity and flexibility, determination
and canalization have been uncovered. There is good reason to believe
that, with suitable modifications, these principles can apply to the ways in
which human beings develop certain cognitive systems, and learn to
achieve certain intellectual skills, in the process of following certain paths
rather than others. The clear and manifest effects of rich (or impoverished)
early experiences on the general functioning of the organism have also
been convincingly demonstrated. And we already know from studies of the
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effects of malnutrition in human beings that analogous effects can occur in
our own species, with deleterious consequences for both emotional and
cognitive functioning. Finally, through studies of such unlikely populations
as song birds and California mollusks, we have received promising insights
into the ways in which forms of learning are manifest at the nervous sys-
tem, cellular, and biochemical levels. While there is still an enormous dis-
tance between these simple forms of behavior and the varieties of learning
and development of greatest moment to human beings, at least some of
the insights gained from these lines of study should eventually prove ap-
plicable to the investigation of human learning and mastery.

Identifying the Elements of the Nervous System

Up to this point, I have at times tolerated a convenient fiction: the con-
tention that the nervous system is relatively undifferentiated, and that vari-
ation in size, density, and connectivity can be discussed with seeming
indifference to where these differences happen to be found. In fact, how-
ever, study of the nervous system has revealed an astonishingly highly or-
ganized architecture, with incredible specificity in appearance and in
organization. Moreover, differences in organization appear to be closely
linked to differences in the functions subserved by different portions of
the brain. For example, it is clear that the earlier maturing areas of the
cortex are involved in primary sensory functions (the perception of dis-
crete sights and sounds) while the later maturing association sensory cor-
texes mediate the meanings of the stimuli and effect connections between
sensory modalities (for example, associating seen objects with heard names).

For our purposes, the organizational structure of the nervous system
can be considered at two separate levels of detail: a fine-grained or mo-
lecular structure, and a grosser or molar structure. While this is also a con-
venient fiction, it is not a frivolous one; it was in fact recognized in the
division of the 1981 Nobel Prize between Roger Sperry, in recent years a
student of the molar level, and David Hubel and Torsten Wiesel, students
of the molecular structure. And it proves highly relevant to our search for
the identity of human intellectual functions.

The Molecular Level. According to Vernon Mountcastle, physiologist at
Johns Hopkins University, the human cerebral cortex can be viewed as
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being organized into columns, or modules. These columns, which are
vertical to the surface of the cortex, are approximately 3 millimeters long
and between .5 and 1 millimeter across. They are increasingly recognized
as forming separate anatomical entities that give rise to different quasi-
independent functions. In fact, perception and memory may be distrib-
uted through the nervous system in the “person” of these special-purpose
“cognitive demons.”

These columns were first established in the visual cortex. As Hubel and
Wiesel put it:

given what has been learned about the primary visual cortex, it is clear
that one can consider an elementary piece of cortex to be a block about
a millimeter square and two millimeters deep. To know the organization
of this chunk of tissue is to know the organization for all of the [visual
cortex]; the whole must be mainly an integrated version of this elemen-

tary unit.

In light of more recent findings, it seems probable that other sensory areas
also consist of such columns; and it has even been proposed that the frontal
lobe—the area deemed responsible for more abstract and less topograph-
has a columnar organization of this sort.

ically mapped knowledge
To what sorts of things do these columns—or their constituent cells—

respond? In the visual system, they respond to orientation—horizontal,
vertical, oblique—and to ocular dominance—different degrees of eye pref-
erence. Less thoroughly understood cortical cells in the visual system may
also respond to color, direction of movement, and depth. In the so-
matosensory system, the columns respond to the side of the field that has
been stimulated and to the location of receptors in the skin layers. In the
frontal lobe, the columns respond to spatial and temporal information con-
cerning objects that have been present in the organism’s field. Taken to-
gether, sensory and motor areas appear to contain two-dimensional maps
of the world they represent. As information on vision or touch or sound is
relayed from one cortical area to the next, the map becomes progressively
more blurred and the information carried becomes more abstract.

The columns may turn out to be the fundamental unit of organization
throughout evolution. Columns have similar size and shape not only within
but also across species. Thus, different species of monkeys may have cor-
texes of different sizes and different numbers of columns, but the actual



Biological Foundations of Intelligence 53

dimensions of their columns are the same. Patricia Goldman and Martha
Constantine-Paton have speculated that when the number of axons di-
rected in a certain way exceeds a critical number, columns will form as a
time-tested and efficient way of filling in the space. Indeed, if one plants
an extra eye into a frog during gestation, a column will promptly be set up.

But is the column or module the only way to think of the nervous sys-
tem? Vernon Mountcastle, whose work led to the discovery of the colum-
nar organization of the nervous system, himself distinguishes between
mini-columns (which may have as few as 100 cells and, thereby, constitute
the irreducibly small processing unit of the neocortex) and the macrocolumn,
each packing several hundred mini-columns inside. Proceeding to a grosser
level of organization, Francis Crick suggests the existence of larger distinct
areas. The owl monkey, for example, has at least eight cortical areas that
are primarily visual: all are perceptually distinct with a fairly well-defined
boundary. In his opinion, there are perhaps 50 to 100 discrete areas in the
human cortex. As he puts it somewhat wistfully, “if each area could be
clearly stained postmortem, so that we could see exactly how many there
are, how big each one is, and exactly how it is connected to other areas,
we would have made a big step forward.” It seems clear at this point that
one may divide the nervous system into units of widely different sizes.
What is important for our inquiry is that, through the appearance and lo-
cation of different neural units, nature provides important clues about the
identity of its valued processes and functions.

The Molar Level. In speculating about larger areas of the cerebral cortex,
we move to what has been called a molar level of brain analysis—a level
dealing with regions that can be readily inspected by the naked eye. While
molecular studies rely heavily on recordings from single cells, visible only
under high powers of magnification, the chief source of information about
molarity of mind comes from clinical work with brain-damaged patients.
As a result of stroke, trauma, or other accidents, individuals may suffer
damage to extensive but still limited regions of the brain. The frontal lobe
of the brain may be destroyed, wholly or partially (unilaterally); there may
be alesion in the temporal lobe or at the temporoparietal juncture. The re-
sults of this injury can be seen through radiological measures (brain or CAT
scans) and can, of course, be examined with great precision in a post-
mortem. Here is where the scientific payoff inheres. It becomes possible
to correlate the loss of sizeable portions of brain tissue—sometimes ones



