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This chapter deals with recent efforts to reshape teach-
ing and instruction in response to perceived new needs
arising from a shift from a manufacturing-based to a
knowledge-based cconomy (Drucker, 1994). Accordingly,
it does not deal with models of teaching and instruction
in gencral (cf. Reigetuth, 1999) or with such perennial
concerns as the teaching of basic academic skills and con-
tent, motivation, retention, and transier, except insofar as
changing conditions require a new look at these. Instead,
the focus is on objectives and methods that are tied in
some way to the rising importance of knowledge creation
and knowledge work.

We begin with a necessarily cursory examination of
larger economic and social trends that have implications
for teaching and instruction. A key (uestion is whether
these trends have created a need for any new skills, abili-
ties, and forms of knowledge or substantially altered tra-
ditional educational priotitics. In secking an answer Lo
this question, we consider what is different about know}-
edge work from other types of skilled work. Two insights
emerge from this analysis: (1) In the world of knowledge
work, knowledge has acquired a thinglike or artifactual
status, making it somcthing that can he treated as a prod-
uct, material, or tool. “This is a radical departure from how
knowledge has traditionally been Lreated in both ¢piste-
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mology and education. (2) Directly or indirectly, knowl-
cdge work typically serves design goals rather than “truth”
goals. This puts knowledge work in diametrical contrast
to school work. Together, these insights point to two
educational reform objectives: (1) bringing design work
into the formal or academic part of the curriculum and
(2) developing in students the ability to work creatively
with knowledge per se—as distinct from working cre-
atively on tasks that use knowledge. Several contempo-
rary educational approaches arc examined in light of
these reform objectives.

we then look more deeply into the creativity part
of the Knowledge Age challenge. According o contem-
porary theories, creative ideas can only be explained as
emergent results of a scli-organizing, Darwinian process.
The same can be said of understanding. Creating new
knowledge and understanding existing knowledge are
both cmergent processes. We examine emergence more
broadly as an educational phenomenon and note that
“systems thinking” can illuminate other learning issues
45 well. Tinally, we consider technology as support for
education adapted to the Knowledge Agpe.

We must emphasize at the outsct that, although eco-
nomic changes may be driving cducational changes at the
policy level, it by no means follows that what happens at
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the classroom level need be or should be framed in terms
of cconomic expedicncy. A broadec and more humanistic
view is suggested by A, N. Whitchead's dictum that edu-
cation should coable students “to appreciate the current
thought of their cpoch” In our epoch, which is coming 1o
he known as the Knowledge Age, the “current thought”

is not & collection of heliels but a dynamic process of

advancing the frontices of understanding and cilicacy on
all fronts. In this chapter we consider the possibility that
students can participate in this process rather than only
viewing it as spectators.

THE "KNOWLEDGE SOCIETY"IDEA AND ITS
IMPLICATIONS FOR EDUCATION

The concept of knowledge society is derived from the
seminal work of management scientist Peter Dracker
(1968,1993). Central to Drucker's conception is the idea
of knowledge work, which he portrayed as gaining ascen-
dancy over manufacturing work, just as manufacturing
work at an earlier time gained ascendancy over agricul-
tural wock. A difference highlighted by Drucker is that
the learning required for an individual to shift from agri-
cultural to factory work is relatively slight, whereas a shift
from manufacturing to knowledge work requires exten-
sive learning. Tlence the escalating importance of educa-
tion: “Education will become the center of the knowledge
society, and the school its key institution” (Drucker, 1994,
p. 53). This conviction was reiterated by the 30-nation
Organization for Economic Co-operation and Develop-
ment: “Education will be the centre of the knowledge-
hased economy*(OECD, 1996, p. 14). The importance of
both formal (“codified”) and informal (“tacic") knowledge
has been recognized and even the connection between
the two: “Facit knowledge in the form of skills needed
to handie codificd knowledge is more important than
ever in fabour markets” (OBCD, 1996, p. 13; cmphasis
in original).

In the hands of magagement specialists, the ideas
of knowledge socicty, knowledge work, and knowledge
management have become eluborated inlo concepts such
as “inteilectual capital” (Stewart, 1997) wnd “knowledge-
creating companics™ (Nonaka & Takeuchi, 1995). In coo-
nomics, ideas such as “knowledge-based economy” and
*knowledge capitatism” emerged, signaling a fundamen-
tal shift in the bases of wealth and productivity:

Economic historians point out that nowadays disparitics in the
productivity and growth of differemt countrics have far less to
do with theirabundance (or lack) of natural resources than with
the capacity ta intprove the quality of human capital and factors
of production: in other words, (0 create new knowledge and
tdeas and incorporate then in equipment and people. (avid &
Foray, 2003, p. 213
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David and Fory added: *the ‘need to noyate: is :
growing stronger as innovation comes closer to being
the sole means 1o survive and prosper in highly compet.
itive and globatised cconomics” (p. 22). How edlucatioy
can serve this “need o innovate” is the focal Probley
addressed in this chapeer.

Education’s Response to the New
Economic Challenges

According to Peters (2003):

Knowledge capitalism and knowledge cconomy are twin termg
that can be traced at the level of public policy to a series of
reports that emerged in the late 19905 by the OLCD, .. and
the World Bunk - before they were taken up as a policy tem.
plate hy world governments in the Lue 1990s. Tn terms of these
reports, education is reconfigired as a wresstoely underval.
wed form of knowledge capitul that will determine the Ju-
fure of work, the oiganization of knowledge institutions and
the shape of society in the years 1o come. (p- 304, emphasis
added)

Podicy template is an appropriate term for the response
of education authorities to the perceived economic
seachange. Wherever we travel we are handed attractive
documents that set out an official plan for shaping edy-
cation to the new conditions of globalization and knowl-
cdge economy. The common elements of these plans are
(1) equipping the schools with computers and Internet
connectivity, (2) training teachers in the appropriate use
of this technology, and (3) developing in students 2 set
of “soft” skills, which include collaboration, learning-to-
lcarn, seltdirection, creativity, and a lifelong readiness to
learnand unicarn. As judged by the allocation of funds and
the spilling of ink, the first two clements have received
by far the most attention. We regard this as a transitory
phenemenon, however, bound (o diminish as technology
becomes more taken for granted in school life. 1t is instead
the “soft” skills clement that represents a major and con-
tinuing challenge and ehat, accordingly, we take as the
focus of this chaprer.

The issue here is not that the traditional “basics” are
irrclevant to Knowledge Age needs. Obviously they are
highly relevant. The issue is that 2 new and qualitatively
different set of necds has arisen, and the schools are not
devoting anything like the attention to those that is being
lavished on schooling's traditional tasks.

The Increasing Significance of "Soft” Skills

In 1998, the University of Washington's Office of Ed-
vcational Asscssment surveyed about 3,000 graduates,
asking them (o rate the importance of various abilities
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in their prescat lives (Gillmore, 1998). Half the grad-
pates were 5 years beyond graduation, the other half
10 years. There was litile difference between the rat-
ings of these two groups. The top-rated ability was defin-
ing and solving problems. Other abilities receiving an
gverage rating of 4 or more on a 5-point scale were
locating information ueeded lo belp make decisions
or sotve problems, working and/or learning indeper-
dently, speaking effectively, and working effectively with
modern techrology, especially computers. These were
the top-rated abilities regardless of major ficld of study.
Abilities directly deriving from university courscs varied
in rating from ficld to ficld, but never made it into the
top five.

These top-rated abilities are very genceral in nature, ap-
plying to a wide varicty of activities, in contrast to job-
specific skills or the more discipline-specilic knowledge
and skills taught in university classes. In the business skills
training literature they are referred to as “soft” skills. The
term “gencric” skills also covers approximately the same
range. (See National Centre for Vocational Education Re-
search, 2003, for a discussion of equivalent terms used
in different countries.) The terms bard and soft skills, al-
though ubicuitous, remain vague and metaphorical, usu-
ally defined only by examples. The foliowing contrasts,
however, are frequently noted and give a general idea of
what the terms imply:

Hard Skills Soft Skills

Not job-specific
Assessed subjectively
Not directly teachable

Often job-specific
Objectively testable
Directly teachable

In an Educational Testing Service report titled
The Economic Roots of K-16 Reform, Carnevale and
Desrochers (2003) documented the rising educationad re-
quirements for Knowledge Age jobs, adding:

The kind of education and skill demanded also has changed as a
result of the shift o a service and information-based economy.
Skill requirements have cxpanded to include soft skills, such as
problem-solving and interpersonal skills, that supplement the
more narrow cognitive and occupational skills sought in the
industrial cconomy. Attitudinal skills, such as a positive “cogni-
tive style.” also are growing in importance because they allow
workers to cope with the aceclerating pace of change in the
workplace. (p. 19)

In summary, the conditions motivating an increased cm-
phasis on soft skills include:

* Uncertainty about future job requirements, which
makes teaching of vocational hard skills questionable
for students not yet in the job market
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¢ (ilobal competitivencss, with soft skills representing a
way for individuals or organizations to gain a competi-
tive edge

* Information abundaace, reducing the need for teach-
ers to act as information providers and increasing the
need for ability to locate and select task-relevant infor-
nration

* Increased specialization, making critical hard skills in-
creasingly tied to advanced specialist training

¢ lechnical de-skilling, reducing the hard-skill require-
ments for use of common software and complex tools.

PROBLEMS WITH SOFT SKILLS

There hias been amazingly little “problematization” of ped-
agogy with respect to soft skills. Yet almost every aspect
of teaching soft skills is, from the standpoint of contem-
porary learning science, deeply problematic. Here we dis-
cuss three broad problems.

What Are They?

Is there such a thiog as problem-solving skill, in any-
thing like the sense that there is keyboarding skill or
automobile-driving skill? It would seem that an answer
is required before one can hope to design a program to
turn students into good problem solvers. Yet there is not
an obvious answoer, and—wlat is worse—there docs not
seem to be much awareness among educators that there
is a question here descrving of thought. Or consider the
second-ranked ability in the University of Washington sur-
vey: localing information needed to belp make deci-
sions or solve problems. A common practice in schools,
and one that teachers would surely allude to i claiming
that they are teaching Knowledge Age skills, is the re-
scarch project in which students gather information from
the Web and other sources and compile it to produce
report—ofien an clectronic presentation. But note that
the highly ranked ability is not simply that of locating in-
formation relevant to a topic. With contemporary scarch
cngines, 10 minutes of training should suffice to enable
anybody to do that. What is hard is finding information
that advances understanding relevant to the solution ol a
problem. The typical school “rescarch” project provides
little experience in dealing with this task, yet we do not
find educators bemoaning this lack and discussing what
to do about it.

The “what arc they?” problem reaches an extreme
in expressions like the one appearing in the previously
quoted statement by Carncvade and Desrocher (2003):

L

“Attitudinal skills, such as a positive ‘cognitive style.
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What on Earth is an “attitodinal skili,” and how could cog-
nitive style be an example? It would appear that any desir-
able personal characteristic may count as a soft skill. This,
however, raises the question whether soft skills should be
regarded as skills ac all. In a later section we will consider
a number of alternative conceptualizations.

Learnability/Teachability

The terms learn and feach are used very loosely in the soft
skills literature and in curriculum standards and guide-
lines referring to them. Any activity that ealls for a certain
soft skill is said to teach it, and students who carry out
the activity are said to learn it. A bland optimism prevails
in the commercial and teacher-oriented literature. For in-
stance, one Web page, from a vendor of wall climbing
equipment, proclaimed:

Through a variety of challenge activities and climbing wall
initiatives, individuals and teams have:

Learned to work cooperatively

* Gained in trust of self and others

Increased their self confidence and willingness to take positive
risks

Developed leadership skills

Enhanced their interpersonal communication skifls (listening,
speaking, and writing)

Increased their creative problem solving skills (Everlast Climb-
ing Utilities, n.d)

Such ungrounded optimism is not limited to the low end
of the scholarly ladder, however. For instance, in the U.S.
National Research Council’s guide for implementing the
National Science Education Stundards, we find:

The Standards seck to promoete curriculum, instruction, and
assessment models that enable teachers to build on children’s
natural, human inquisitiveness. In this way, teachers can help
all their students understand science as a human crleavor, ac-
quire the scientific knowledge and thinking skills important in
everpeey kife and, il their students so choose, in pursuing a sci-
entific career. (Olson & Loucks-Horsley, 2000, p. 6) (emphasis
added)

Transfer

Transfer of learning is 1 massive and much discussed issuc
in education (Bransford & Schwartz, 1999; McKeough,
Lupart & Marini, 1995). What is scldom recognized, how-
ever, is that transfer is largely a soft skills problem. If one
has learned how to add a column of figures (a *hard”
skill), one can presumably do this in any situstion where
it is called for. Of course, one may fail to apply the right
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arithmetic operation or may apply it to the Wrong ﬁg‘
ures or may draw the wrong conclusion from the resyly. :
but those are soft skill problems. They are problemg 0' i
the intelligeat use of arithmetic. Bereiter ¢ 1995) has ars

gued that this is the essence of the problem of transfer,
What fails to trunsfer from one situaton to another is‘ ;
not the skill itself but the intelligent use of e, Sitvatyy. ¥

ity theorists (e.g., Lave, 1988) make a similar argument:
Through continucd participation in a particular sphere of
action one’s actions become increasingly well adapted, re.
sourceful, and flexible—in a word, intelligenc—lyyy ina
different situation one has to start over learning the ropes,

mastering what constitutes intclligent action in the new

context.

The problem of transferability of soft skilis is so vastand
intractable that the commonest approach in the Knowl-
edge Age skills literature is simply to ignore it. There
seems to be a tacit assumption of unlimited transfer. In
the examples cited in the previous section, Optimism
about tearnability and teachability carry over into opti-
mism about transfer. The advertisement for wall climbing
cquipment concludes, “By learning to trust cach other
and by working together, you begin to develop the skills
that are integral to successful team functioning. This trans-
fer of learning moves beyond the team and has additional
application at home, in school, and in the community”
Possibly all of this is true. But gencrations of research
on generalization and transfer give us reason to doubt it
and to demand cither evidence or at least @ plausible za-
tionale for expecting widespread benefits to come from
4 situation so remote from most normal spheres of ac-
tion. But do we have reason to believe that the exer
cise of the same soft skills in a school science lzbora-
tory, for instance, will have any greater transferability?
The authors of the National Research Council document
on implementing science curticulum standards evidently
helieved so, when they wrote of students acquiring,
through their science study, “thinking skills important in
cveryday life)”

A more realistic view of the transferability of soft skills
would make use of Bransford and Schwartz's (1999) con-
cept of judging transfer by savings in future iearning.
Students who have learned to cooperate in carrying out
school projects may not automatically be bewer than oth-
ers at cooperating as members of a road building crew
or a legal defense team. Much specialized learning of so-
ciul as well as technical kinds will be required in order
to cooperate cffectively in these different contexts. But it
is not unrcasonable 1o suppose that prior experience in
cooperative work might facilitate the new social learning,
speeding up adaptation to new sitwations whe re coopera-
tionis called for, We cannot assume that, howcever, nor can
we assume that one kind of cooperative experience is 48

¥
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good as another. Once transfer of soft skills is recognized
a5 problemitic, it hecomes important to analyze situations
and identify learning situations that have decp similaritics
to situations to which transfer is intended (Greeno, Smith,

. & Moore, 1993).

ALTERNATIVES TO SOFT SKILLS

some so-called soft skills, such as cooperativencss, cre-
ativity, and selfdirectedness, might equally well be re-
garded as personality traits. Soft skills also map on to
Gardner’s “multiple intelligences” (1983). “People” skills,
for instance—which figure prominently among business-
celated soft skills—correspond to “interpersonal intelli-
gence” in Gardner’s scheme. Other concepts that cover
all or part of the territory of soft skills are habits of mind
(Costa & Kallick, 2000) and talents. In quite a differ-
ent conceptual framework, soft skills may be regarded
as situated practices (Lave & Wenger, 1991)—as ways
of acting that come ahout as one moves from periph-
eral to full participation in a community of practice.
From still another viewpoint, soft skills may he viewed
as behavioral norms or rules of wide scope. These are
not merely semantic variations on the same idea. They
carry quite different implications as to ontology, learnabil-
ity/teachability, and transfer. Table 30.1 summarizes these
implications.

Table 30.1 suggests that these alternative conceptions
are all over the map as regards implications for learnabil-
ity, teachability, and transfer. Some of these implications
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have to be wrong; the differences cannot bhe written oft
as mere differences in perspective. Thus there is a place
for hypothesis-testing rescarch to identify those concep-
tions that are due for elimination or revision as bases for
Knowledge Age pedagogy.

A DISTINCTIVE KNOWLEDGE AGE TALENT

In their review of “Economic Fundamentals of the Knowl-
edge Society,” David and Foray (2003) asked:

Arc “new skills and abilities” required for integration into today's
knowledge economy? If so, what are they? Are they really as new
as somie might like to make out? Beyond the levels of proficiency
needed for the use of information technologies, there do appear
10 be a number of set requirements: teamwork, communication
and learning skills. But these sorts of “soft skills” can hardly be
described as new. (p. 31).

It is surely true that these and other frequently men-
tioned soft skills are far from new and have been well
recognized. But is it true that there are no new skills and
abilities required for integration into today’s knowledge
economy? If the question is whether there are any pre-
viously unknown skills needed for contemporary knowl-
edge work, the answer is surely no. But if the question
is whether there are skills important for contemporary
knowledge worl that have received little attention in ed-
ucation, and that remain little recognized, we have an is-
sue deserving of serious inquiry, not least by educational
psychologists.

TABLE 30.1. Alternative Conceptions “Soft Skills” and Their Implicit Assumptions

Concept What Are They?

Learnability/Teachability Transfer

Learned capabilities of very wide
applicability. No distinction
between nominal coherence and
psychological reality.

Traits (including multiple  Deeply ingrained characteristics.
intelligences, cognitive Possible genetic component. Trait
styles) coherence based on psychometric
evidence.

Systemically constituted appropriate
and effective ways of acting within
a particular community of practice.

Acquired habits, like any othets,
except enacted at a cognitive
level.

Things everyone can do (given
required hard skills) but with
greatly varying proficiency.

Rules \mperative statements. No claims of

psychological reality.

Soft skills

Situated practices

Habits of mind

Talents

sometimes acknowledged as a
problem, but ignored in
practice.

Assumed teachable like any
other skills.

Unavoidable. Traits condition
person’s response in many
situations.

Modifiable, but only with
difficulty and over long time
span. Not teachable in any
normal sense.

Highly learnable in context;
limited role for teaching,

Believed to be very limited.

May or may not be triggered in
new situations; may or may
not prove appropriate,

variable and easily
overestimated: e.g., transfer
of musical talent.

Wherever the norm applies
and makes sense.

Learned through repeated
enactment; can be fostered
or modified but not taught.

Improvable through practice.

May be adopted by individuals
or groups. Teachable through
advocacy, reminding,
modeling, reward structures.
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To put a finer point on the question, we may ask
whether there are any soft skills important in the new
cconomy that did not already figure prominently in the
early history of flight—one of the signature achievements
of the Industrial Age. The Wright Brothers displayed in-
novativeness and creativity, a high order of collaboration,
and Wilbur at least was quite good at communication. En-
trepreneurship? They successfully pursued patents and
patent lawsuits and were noted for aggressive business
practices (Shulman, 2002). The Wright Brothers have,
in fact, been used as models of the kind of thinking re-
quired in today’s business environment (Eppler, 2004).
But now we have instances of complete new aircraft be-
ing designed entirely on computers (Petrowski, 1996).
This seems like a profound shift, but—except for the ob-
vious need for computer skills—does it present any new
intellectual or educational challenges? The present au-
thors have argued that it does, that there is in fact one
previously unrecognized ability requirement that Ties at
the very heart of the knowledge economy. It is the abil-
ity to work creatively with knowledge per se. To convey
what this means, however, we must back off and intro-
duce a more general concept—conceptual artifacts—and
a distinction between two modes of dealing with knowl-
edge and ideas—what we call “belief mode” and “design
mode.”

Conceptual Artifacts

Somewhat simplistically, conceptual artifacts may be de-
fined as ideas treated as real things (Bereiter, 2002h). This
is in contrast to treating ideas as mental content, as tacit
knowledge, as embedded in actions or tools, or as semi-
otic objecis—-all of which are legitimate ways of dealing
with idecas, but not the same as treating them as objects
in their own right. Patents provide a familiar anchor for
the concept of conceptual artifact. Patents are awarded
for ideas, not concrete devices or verbal or other rep-
resentations. But patentable ideas are not ideas in peo-
ple’s heads or ideas implicit in their practice. Express-
ing the same idea in different words does not warrant
a patent; it is the idea itself, not any particular expres-
sion of it, that is protectable. Although most concep-
rual artifacts—such as theories, problem formulations,
and interpretations—are not protectable as property, they
have all the other characteristics. They are human cre-
ations, intended for some purpose. They have most of
the properties of artifacts in general; They have histories;
they can be described and compared, variously used and
modified; importantly, they can be discovered to have
attributes not known to their creators (Bereiter, 2002b,
p. 65). Unlike most artifacts, however, they are imma-
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terial and they can stand in implicative relations to one k)

another,

When treated as real artifacts, ideas can be mage ob.
jects of inquiry and development, can be adapteq to

novel purposes, and so on. In knowledge-based organi.
zations, conceptual artifacts figure prominently ag prod-
ucts and as tools. It could, in fact, be cliined thye con-
ceptual artifacts constitute the knowledge that makes a
knowledge-bused organization knowlcdge-based; for al-
though there are other valuable kinds of knowledge (tacit,
situated, personal, social, and so on), these are of such
long-standing value that they cannot be taken as marks ofa
new eri.

Inasmuch as all kinds of work depend on kﬂowledge,
identifying what is distinctive about knowledge work has
not been easy. Robert Reich (199D, one-time Secretary
of Labor in the United States, coined the: term Symbolic
anatyst. His elaboration of the term is consistent with the
preceding discussion, but the term itself is unfortunage:
symbolic is too inclusive (religious ricuals, for instance,
are typically symbolic), whereas analyst is too narrow,
The idea of conceptual artifacts can be useful in delimit-
ing the ficld: Not all work involves conceptual artifacts,
but arguably all knowledge work docs. Working with con-
ceptual artifacts, as distinct from working primarily or ex-
clusively with material things, might therefore serve asa
defining characteristic of knowledge work. In this light
other, more familiar aspects of knowledge work take on
a different hue, Collaboration in knowledge work is not
the same as collaboration in wall-climbing, for instance,
because feedback to the collaborative process is likely
to be intangible and to require analysis in its own right,
“Lifelong learning” becomes increasingly problematic if
the learning must include not only facts and skills but
also an cffective grasp of ditficult idcas. Only rarely, of
course, is knowledge work purely conceptual. At some
point conceptual artifacts have to make contact with real
people, real shoes, real money, or somcthing of that sors,
where the mapping between conceptual artifacts and
physical reality has real-world consequences, and these
consequences are fod back into the work with concep-
tual artifacts,

In the school world, however, some formidable in-
teflectual artillery is arrayed against work with abstract
knowledge objects. Dewey (1916, pp. 183-185) was
wary of it. Piaget’s distinction between the stages of con-
crete and formal logical operations has been interpreted
by many as a basis for concentrating clementary educa
tion on the concretely manipulable and deferring work
with abstract ideas until adolescence. More recently, sit-
uativity theory has perhaps inadveriently stecred educa
tors away {rom conceptual artifacts, through the idea of
knowledge as canstituted in practice and accordingly not

:
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obe treated aprart from its constitutive practices (Lave,
1988).
. Alfthesc objections can beanswered, In the first place,
there is no suggestion that work with conceptual artifacts
should go on in isolation from concrete reality. Experi-
;ﬁcnt:ll science provides a paradign: Experimental scien-
tists are in the business of producing conceptual artifacts,
put they carry on this business in intimate congress with
some kind of concrete reality. When “hands-on” school
science goes on in isolation from the production of con-
ceptual artifucts, however, it can be argucd that this is
got science at ail. Furthermore, it can be argued that
working with conceptuad artifacts #s a varicty of “learning
by doing” The claim that preadolescents are incapable
of and uninterested in abstract thought has come un-
der considerable experimental attack (Goswant, 1998).
‘and the objection from situativity theory evaporates if
'schooling is modeled on communitics whose practice in-
i cludes sustained and creative work with conceptual arti-
facts (Bereiter, 1997). A deep-seated anti-intellectual hias
(Hofstadter,1963; Tlowlcy, Howley, & Pendarvis, 1995)
- may render all such arguments inconsequential, but it is
also possible that socictal pressure toward innovativencss
| My OVErcome Lraditional tendencies to restrict schooling
to the concrete, practical, and facrual,

' Belief Mode Versus Design Mode

- Historically, the main concern of epistemology has been

. the bases of true or warranted belief—hence, the name

belief mode. Activily in belief mode covers a broad

expanse, from indoctrination and propaganda on one

extreme to the decpest critical analysis and the most

. open debate on the other. Schooling practices have
covered this wide range. Such different approaches as
lecture/recitation, inguiry learning | conceptual change
teaching (Anderson & Roth, 1989), and transformative
education (O'Sullivan, Morrcll, & (¥ Conanor, 2002) may
be seen from this standpoint as variations all conducted
within belicf modc.

In knowledge-based organizations, however, work
with ideas has taken a radically different direction, sig-
maled by terms such as knowledge-creating compenies
(Nonaka & Takcuchi, 1995). In the pursuit of innovation,
concern with truth and warrant has become incidental to
pragmatic concerns such as

. What is this idca (concept, design, plan, profem state-
ment, theory, interpretation) good for?

What does it do and fail to do?

How could it he improved?

Work on such questions defines activity in “design” mode.
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Formal cducation—the “academic” part of the cur-
riculum, deading with conceptual content as distinct
from hard skills—has historically and to this cay been
conducted almost exclusively in belief mode. Questions
about rationale, evidence, and logical consistency may be
raised (¢f. Kuhn, 1993), but design-mode questions, such
as those just listed, reccive little if any atiention in text-
pooks, teaching materials, and curriculum standards ot in
the educational research literature of past years. Design
mode activity does go on in schools, of course—in prac-
tieal and fine arts courses, and in extracurricular activi-
ties such as drama and fund-raising-—but it is alien to the
academic curriculum. This marks a deep divide between
knowledge as it is treated in schools and knowledge as it
is treated in Knowledge Age organiznions.

Conceptual Artifacts in Design Mode:
Improvable Ideas

Conceptual artificts can figure in both belicEmoede and
design-mode activity. A theory, for instance, may be
treated in beliel mode as a tentutive statement of truth,
and evaluated in terms of evidence. In design mode, a
theory would be treated as a human construction aimed
at serving some explanatory or instrumental purpose,
would be evaluated on the basis of how well it served
this purpose, and could be made an ohject of further
improvement and elaboration. Proofs and Refutations
by Lakatos (1970) provides a paradigm of theoretical
work in design mode. 1t presents an imaginary dinloguc
among a group of mathematicians, who start with an
empirically based conjecture about the rekation between
faces and vertices in space figures, attempt Lo construct a
proof, discover cases that are inconsistent with the con-
jecture, modify the conjecture 1o exclude the anomalous
cases, and proceed through further cycles of proof, refi-
tation, and theory revision until they arrive finally at a
provable theorem that withstands criticism.

Whereas dealing critically with conceptual artifacts in
belicf mode is a common characteristic of the “thinking
carriculum” (Resnick & Klopfer, 1989), dealing with
them in design mode has typically been the worle only of
advanced graduate students (cf. “making a contribution
w0 knowledge™ as the criterion that traditionally distin-
guishes doctoral theses from lower-level dissertations). In
a “knowledge creating company,” however, idea improve-
ment becomes a core activity of the whole organization.
Although the end result muy be a new product rather
than a new theory, the cycle of work leading up to the
end result is similar to that porteayed by Lakatos.

“This claim leads us back to the carlier discussion of
the history of Hight and 1o the question whether solving

F.O7
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desiga problems the way the Wright Brothers did is differ-
catin any educatiomally signilicant way from the way air-
crall design problems are solved today, where all or most
design problems may be addressed computationally. The
obvious difference in medium docs not in itscif point to
anything more profound than the need to learn how to
use new tools, something that was true throughout the
Industrial Age. However, there are three more significant
cducationatimplications. The ficst is that in solving design
problems computationally one is solving them by manipu-
lating conceptual artifacts—mathematical and theoretical
abstractions—rather than tinkering directly with matcrial
things. This can have both advantages and disadvantages,
buticis in any case something quite different and less “nat-
ural” than the way the pioneers of acronautics went about
it. The second implication comes from a sccond-order de-
sign task. Someone had to design the software that made
it possible to solve acronautic design problems computa-
tionally. The software had to embody accurate informa-
tion and valid theories about flight; otherwise the end
results could be disastrous. Furthermore, this knowledge
had to be embodied in the software in such a way that
users with less knowledge could employ it successfully,
The common element in both the first- and second-order
tasks is work with conceptual artifacts that map onto but
are not simple representations of physical objects. The
contrast between this approach and the hands-on prob-
lem solving carried out by the Wright Brothers epitomizes
the fundamental change that makes the so-called Knowl-
edge Age different from the Industrial Age. A third edu-
cational implication has to do with the kind of collabora-
tion or teamwork required. Modern planning and design
oftert involves hundreds of knowledge workers whose ¢f-
forts must lead to a unified result. Unlike the hundreds
of assembly-line workers whose efforts converge on the
manufacture of an automobile, however, the knowledge
workers are often engaged in nonroutine tasks and the
things they are working with are often aDstract ohjects.
This represents a much more demanding kind of coop-
cration, for which schooling could but typically does not
provide relevant experience,

On the basis of this contrast and the concepts intro-
duced carlicr, we may identify a distinctive Knowledge
Age talent as follows:

A distinclive Knnvledge Age talent les in the etbrilily {0 worfz
collaboratively with conceptual artificts in design mode.

Ifchis definition is accepted, and if it is true that work with
conceptual artifacts in design mode is virtually noncxis-
tent in education below the advanced graduate level, this
indicates a formidable and radical challenge in adapling
cducation 1o needs of the Knowledge Age.

F.08

FFFORTS TO BRING DESIGN MODE ACTIyry3
INTO THE ACADEMIC CURRICULUM 4
'

Terms such as “Learning by Design” (Kolodner, 2002) Si"i;%
nat an cffort, at least partly inspired by Knowledge Agé‘f
privritics, to give design mode activity a more centra] I‘Oléf?.
ineducation. A number of current cxperimental Pngram‘s‘
reflect this intent, four of which will be reviewed i tpilt
section. Our concern here is not the effectiveness of thesé";;-
programs in teaching scientific concepts, for instance, buf‘!
rathier (2) the extent to which they engage studen s ﬁf
design work with curriculum-relevant ideas and (M) the |
contexelimited as compared 1o context-general focus il
student work (Bereiter & Scardamalia, 200%), Probably
most creative knowledge work in the out-ofschogl world
is context limited; it is work to design a particular prod- ?
uct or solve a particular problem to serve the interests
of a particular organization or community. The contey. &
general end of the continuum is represented by basic re-
scarch intended to advance the state of knowledge for |
a whole civilization. Education for the Knowledge Age
would ideally prepare students in some fashion for work :
with knowledge and ideas across the whole spectrum,
However, it should be recognized rhat formal education; :
ts properly concerned with knowledge of wide general
ity, and so a bias toward the context-general end of the
continuum is appropriate. It is therefore noteworthy that
most of the programs bringing design mode activity into
the academic curriculum are oriented toward the context-
limited end.

7

e Eae it

Learning by Design™

In Learning by Design, as described by Holbrook and
Kolodner (2000, p. 221),

Seience learning is achieved through addressing 2 major design
clallenge (such as building a self-powered car that can go a cer-
tain distance over a certain terraind. . . . To address a challenge,
class members develop designs, build prototypes, gather perfor-
mance data and use other resources to provide justification for
refining their designs, and they iteratively investigate, redesign,
test, and unulyze the results of their ideas. They articulate their
understanding of science concepts, firstin terms of the concrete
artifact which they have designed, then in transfer to similar ar-
tifacts or situatdons, and finally to abstract principles of science.

Although design projects are now Fairly commeon in
school scienee (planning a trip to Mars has been a popular

one for a decade), e approacl: taken by Kolodner and

colleagues is distinctive. The challenge for students is t0
design something that can actually be built and tested. .
Morcover, the design challenges are planned so that faulty
science will lead to performance filure. An example is t0
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maximize the distance traveled by a toy car driven by air
t3,(p¢:alled from a balloon through a straw (Kolodner, 2002).
Trial-and-error design is followed up by systematic exper-

{mentation to determine how variations in the length and
‘diameter of the straw affect performance. Note, howevcr,
?that the inquiry is still very much context limited. The ul-
‘imate science-learning target is Newton’s Third Law, but
'it is not clear how the design task and the related experi-
: mentation could lead to or raise questions leading to New-
“ton’s law. Teachers, according to Holbrook and Kolodner,
" wanted to teach the science first and then do the design
: work (thus shifting to a traditional rule-cxample pattern
- of instruction). More relevant to the present issue is an

apparent shift from design mode to belief mode in order

o get across the scientific idea.

Design problems can lead to engagement with deep

© scientific principles. In earlier work on Learning by De-

sign, one of the problems was to design an artificial lung.

" Qther problems in this vein would be designing a spe-

cific antibiotic and building a rain-making machine, Such

- design problems can only be solved by first gaining an

understanding of the natural process that the design is in-
tended to simulate or have an impact on. However, such
design problems lie beyond the scope of what students
could actually build and test. Consequently, Learning by
Design depends on rather forced connections between
the activity and basic ideas. As a result, teachers report-
edly present the science separate from the design work,
with basic ideas dealt with in belief mode, in parallel with,
but not intrinsic to activity in design mode.

Project-Based Learning

Project-based learning covers a wide range. At one ex-
treme is the traditional “project,” which consists of choos-
ing and narrowing a topic, collecting material, organizing
and presenting it—differing from the projects of 50 years
ago only in the use of digital media. At the other end are
highly developed inquiry projects, mainly but not exclu-
sively in science. As defined by Marx, Blumenfeld, Krajcik,
& Soloway (1997, p. 341); “Project-hased science focuses
on student-designed inquiry that is organized by investi-
gations to answer driving questions, includes collabora-
tion among learners and others, the use of new technol-
0gy, and the creation of authentic artifacts that represent
Student understanding” Of projects meeting these spec-
ifications, we may ask: To what extent do they engage
Students in design-mode as compared to beliefmode ac-
tivities, and where do they lie on the contextlimited to
Context-general continuum? Typicafly, the “driving ques-
ton” is posed to the students: to predict the weather from
fealtime data (Lee & Songer, 2003), to collect and inter-
Pret observational data on schoolyard wildlife (Parr, Jones,
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& Songer, 2002), to explain the increasing incidence of
deformed frogs (Linn, Shear, Bell, & Slotta, 1999). These
projects are highly engineered, leaving little for the stu-
dents or even the teacher to design. Not enly the main
question but also the information sources and means of
information collection, and often a step-bystep sequence
leading up to the final specified product, are set out for
the students. However, in the weather prediction and the
wildlife projects, students are expected to produce, share,
claborate, and test theories based on the information
they have obtained. This is design work of a knowledge-
creating kind. In the deformed frogs project, however, the
opposing theories or positions are set out for the students
and their job is to gather evidence for and against, leading
up to a presented argument or debate. Thus the project is
framed within belief mode, reflecting the idea, as put by
one of the developers, that “Science is Argument” (Bell,
2002).

There are instances in which students design experi-
ments and devise explanations, but the design task com-
mon across virtually all project-based approaches is the
presentation—what Marx et al. referred to earlier as “the
creation of authentic artifacts that represent student un-
derstanding.” The presentation may usurp so much of the
students’ attention (and sometiimes that of the teacher)
that it overwhelms cognitive goals (Anderson, Holland,
& Palincsar, 1997; Moss, 2000; Yarnall & Kafai, 1996). In-
terestingly, similar concerns have been raised about the
amount of attention business executives lavish on their
PowerPoint presentations and the accompanying neglect
of content (Tufte, 2003). Thus there is a danger that
bringing design-mode activity into the core curriculum
via Project-Based Learning may force the core curriculum

off the stage.

Problem-Based Learning

Although problem-based learning is often treated as syn-
onymous with project-based learning, tliere are impor-
tant differences, reflecting problem-based learning’s med-
ical school origins. As originally implemented in medical
education, now spreading to other kinds of professional
education, PBL, as it is called, engages students in solv-
ing problems modeled as closely as possible on problems
they will actually encounter in their professional practice
(Barrows, 1985). Unlike project-based learning, there is
little focus on a tangible end product. The end product is
a problem solution—a purely conceptual artifact.

As used in professional education, PBL is quite prop-
erly context limited. Harden and Davis (1998) proposed
a “continuum of problem-based learning” in medical edu-
cation, with what they called “theoretical learning” lying
“furthest from the problem based end of the continuum”
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(p. 318). They described theoretical learning as coming
about through information transmission by lectures and
textbooks and tending toward rote learning, with no ef-
fort at application. A PBL approach to theoretical learn-
ing finds no place on their continuum, which is consistent
with PBL’s focus on professional practice. The doctor’sjob
15 not to produce 4 theory of pain or to devise a compre-
hensive approach to pain management, but to deal with
the pain in a particular patient's hip joint; PBL problems
are usually posed with that degree of specificity, and PBL
procedures are geared to the cooperative, evidence-based
solution of such problems. Extensions of PBLinto general
education~-even elementary education—have tended to
retain this context-limited specificity (Torp & Sage, 2002).
Thus, the problemn is likely to be to explain why the bean
plant died or to develop an environmentally sound plan
for school waste disposal rather than to explain photo-
synthesis or biodegradability.

To what extent PBL engages students in design varies
considerably. In the classic medical school version, an im-
portant phase of PBL is students working on a “learning
issue,” in which they identify and pursue what needs to be
learned in order to solve the case. This is design activity
in the realm of scientific facts and ideas. In school appli-
cations of PBL that we have located, this phase seems to
have been eliminated. Without it, PBL is reduced to regu-
lar guided inquiry focused on cases rather than on more
central conceptual issues (Bereiter & Scardamalia, 2000).

Although case-based problems are inherently context
limited, they can acquire general significance when con-
sidered in the context of a more fundamental inquiry.
Deep inquiry may start with an intriguing case: In an ex-
ample provided by Hunt and Minstrell (1994), inquiry
starts with the problem of what happens to an object
on a spring balance as the air is evacuated from around
it. But attention then shifts to the students’ explanatory
ideas and to the testing and revision of these ideas. Ex-
periments are chosen that broaden the inquiry to general
concerns about gravity, the difference between weight
and mass, and weight of the atmosphere. In this shift
from context-limited to context-general, the nature of the
problem itself undergoes transformation. This expansion
of the problem space is something that PBL was not de-
signed Lo address. The next approach we consider is also
“problem-based” in a bread sense, but the problems are
more context-general problems of understanding, and the
students’ role as designers is given much more scope.

Knowledge Building

Knowledge building dilfers from the other approaches
by emphasizing conceptual artifacts (theories, designs,

plans, histories, ctc.) as products, tools, and objects of
inquiry (Scardamalia & Bereiter, 2003). Activities sych 15
model building, conducting cxperiments, and producing
reportsare carried out in the service of a broader effort to
produce some innovation or advance a knnw]cdge fron.
tier. Knowledge building, as thus conceived, is not g
activity limited to education but characterizes creative
knowledge work of all kinds. In keeping with its geney.
ative character, knowledge building is not highly proce.
duralized. Instead, a software environment (discussed in
a later section as a “Knowledge Building Environmeng”
or KBE) provides flexible support and coordination for
sustained and creative work with ideas.

In educational applications, students are engaged in
design in all phases and at all levels of the knowledge-
building enterprise: defining problems, advancing inital
ideas, using whatever resources and inguiry possibilities
are available to improve those ideas, reformulating prob.-
lems as the knowledge building advances, and present-
ing results (Hewitt, 2002). It is not uncommon for the
entire year's work in a subject to be carried out as a sig-
gle knowledge-building initiative. Where the main objec
tives are officially mandated, these are made known to
the students as part of the problem space in which they
will work. Thus it could be said that instead of assim-
ilating design-mode activity into the academic curricw
lum the academic curriculum is assimilated into design
mode.

Educational knowledge building can be focused at any
point along a contextlimited to context-general contine
uum. However, the bias is toward the context general end.
This is partly because educational standards, which are
usually highly context general, contribute to the students’
defining of problems (we refer ere to the standards them-
selves, not to the recommended learning experiences,
which are often quite context limited). It is also because
students’ “epistemic agency” drives inquiry in that di-
rection. For instance, in one seventh-grade class an in-
quiry that began with the question “Wihit is # like to stop
growing?” soon evolved into the question of what causes
growth to stop and what determines at what height differ-
ent people’s growth stops (Bereiter, Scardamalia, Cassells,
& Hewitt, 1997). On a topic such as gravity, electricity,
or light, students frec to generate their own theories and
problems of understanding naturally come up with the
question, “What is it?” Alithough they may hold the com
mon misconception that these things are substances (Chi,
Slotta, & deleeuw, 1994), they are Likely, through their
own collective efforts at idea improvement, to discover
problems with this conception. As one fourth-gracer put
it with reference to light: “It isn't a solid or a liguid or 4
gas, 50 what is it?”*I'his started a line of inquiry that ended
with the idea that light is 2 kind of energy.

.10
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COMPARISONS AND POSSIBILITIES
OF SYNTHESIS

If the preceding scction were aimed at prospective
adopters of an educational approach, we should need

1o consider a number of pragmatic issucs that developers

address in different ways—for instance, how far to go in
adapting to cstablished expectations about the lengths of

© units, activity structures, and even the words in which ap-

proaches are described. However, the point of this chap-

. ter is the potential of different methods and models to

equip students for creative knowledge work.

The differences among approaches such as the four
discussed in the preceding section are olten minimized,
umping them together as constructivist. Even the brief
look “under the hood” offered here should make it clear
that the approaches are far from interchangeable. They
all bring design-mode activity into the main academic cur
siculum. They all deal with ill-structured problems, which

- sets them apart from many thinking skills approaches.

But they differ in the kind of design work students do,
how central it is to curriculum objectives, and where the
problems they tackle lic on a contextlimited to context-
general continuugm.

All four of the approaches aim to bring about under-
standing of the big ideas that make a knowledge society
possible in the first place. Knowledge Building addition-
ally aits at the fullest possible immersion in the work by
which such ideas are created and improved, which nec-
essarily means dealing with the big ideas in design mode
rather than belicf mode.

All the approaches place high value on authentic ac-
tivities, problems, or questions; but guthentic means dif-
ferent things in the different approaches. In Learning by
Design it mcans designing things that actually work and
that appeal to students’ interests in toys and games, In so-
phisticated versions of Project-Based Learning, it means
activities and issuces drawn from reablife concerns and
controversies. In Problem-Based Learning it means prob-
lems closely modeled on those that will actually be en-
countered in practice. In Knowledge Building it means
problems and questions that the students actually won-
derabout. Thesce are all legitimate meanings of authentic,
but they point in quite different directions as to the sorts
of experience students will have.

A case can be made for including alf four approaches
in a well-rounded program of cducation for the Knowl-

edge Age, on grounds that they reflect the diversity of

knowledge work that actually gocs on in socicty—{rom
product engincering to making evidence-based policy de-
cisions to advancing basic knowledge. This would tend
10 result in a grab-bag of activities, however, an alltoo-

30. EDUCATION FOR THE KNOWLEDGE AGE ® 705

common practice that we presume advocates of all the
approaches would oppose. An alternative is 1o consider
whether any of the approaches is expandable to include
the full range of working with ideas in design mode. Non-
inally, Project-Bascd Learning can serve this purpose, be-
cause all the approaches involve projects of some sort.
However, that would scem mierely to give a name to the
grab-hag.

Of the four approaches, only Knowledge Building ex-
plicitly supports design-mode work at the context-general
end of the continuum—that is, design work directly
aimed at creating and improving broadly significant theo-
ries, problem formulations, interpretations, and the like.
$o commiticd is knowledge building to design mode that
educators frequently ask the paradigmatic heliefmode
question: What is to keep the students from ending up
with wrong beliefs? A dismissive answer, appealing 1o
the research on misconceptions, is that knowledge build-
ing would have to do very badly in order to come out
worse than other instructional approaches on this count.
A deeper level answer is that as long as students are work-
ing seriously to improve their ideas and are muking con-
structive use of authoritative sources in doing so, they will
inevitably move beyond the naive conceptions educators
are worricd about.

As actually implemented in classrooms, Knowledge
Building already incorporites much of the designmode
activity of the other approaches. Students have designed,
built, and tested solar cookers and model airplanes, but
they have done so within the context of investigations
aimed at understanding light and life. Designing experi-
ments to test teir “theories” has begun as carly as first
grade. They have produced multimedia presentations,
dramatizations, and other such projectlike displays, but
these have grown out of their knowledge-building accom-
plishments rather tn representing the endpoint Loward
which they are dirccted. Thus Knowledge Building can in-
corporate the strongest parts of other approaches, while
avoiding contrived projects whose matin purpose is Lo de-
velop soft skills.

Over and above providing particular learning experi-
ences in design mode, acoherentapproach (o Knowledge
Age cducation ought to provide a means of initiating stu-
dents into 1 knowledge-creating culture—to make them
feel a part of a long-term and global efort 1o understand
their world and gain some control over their desting. An
cclectic or mixed approach, however worthy its compo-
nents may be, cannot be expected to do this. To socialize
students into an emerging Knowledge Age culture, white
at the same time meeting societal expectatons of knowl-
edge and skill development, would seem to demand a
comprehensive design for bringing cretive work with
ideas into the heart of the curriculum.
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THE CHALLENGE OF SUSTAINED CREATIVITY

Traditionally, creativity training has focused on idea gen-
cration, fostered through brainstorming, iteral chinking,
and other technigues; that focus continues in structured
programs and commercial teaching materials up o the
present day (Nickerson, 1999). Both in teaching and in
testing, the typical task is what we may term séngle-
prompt idea generation (c.g., generating novel uses fora
coat hanger). This is quite remote from the creative work
called for in modern organizations, where idcas must
meet multiple constraints, where there is often a surfeit
of novel ideas to choose from, and where the desired out-
come depends on sustaining creative input to a develop-
ment process that may go on for months or years (Bereiter,
2002a; Cooper, 2003). “The Mind of Microsoft” (Microsoft
Monitor Weblog, 2004, March 12) describes one
large  organization’s  disciplined approach 1o idea
development.

Although the Internet is full of confident claims, psy-
chologists writing on creativity have for the most part
steered clear of the question of teachability. An excep-
tion is Nickerson (1999), who, after reviewing training
approaches, concluded that the evidence either for or
against the teachahility of creativity is “less than com-
pelling” (p. 407). (Parenthetical guestion: What would
constitute compelling evidence that something is un-
teachable?) On the more positive side, rescarchers have
shown a growing interest in career-long creativity, a topic
of obyvious importance in a Knowledge Socicty. Some high
points emerging from examination of creative carcers are
the following:

1. The “ten year rule,” first rescarched and enunciated
by Hayes (1989). In a wide varicety of ficlds, it is found
that significant creative contributions are not made untila
person has devoted 10 years or more to relevant worlcand
studly. Notably, the early years of creative carcers are often
devoted to imitation rather than to efforts at originality
(Weisberg, 1999).

2. Bvidence that creative people sustain high levels

well as more successful results than less creative people
(Simonton, 1999). Prolific idea production is an essential
part of what appears to be the only viable theory of the
creative process now going, one that treats it as a form of
Darwinian evolution (Dennett, 1993).

3. Extensive and deep knowledge as a necessary and
sometimes sufficient condition for creative production
(Weisherg, 1999). Weishberg argued, forinstance, that Wat-
son and Crick, whatever their ereative talents, were the
only people who possessed the knowledge required to

solve the DNA riddle. The same might be said of Darwig i
and Wallace, independent solvers of the speciation rid
dle, who had remadcably similar and unusual knowlcdgc )

backgrounds (Quammen, 19906).

4. Sternberg’s (2003) hypothesis that the driving force
in creative carecrs is the decision to be creative, to pursue
particular kinds of cecative goals within a chosen domajn
and Lo develop the requisite abilities. '

If this carcer perspective is taken seriously in schools,
as Sternberg (2003) urges it should, then the emphasiy
should shift from teaching idea generating skills to launch.
ing students on a trajectory that will result eventually
in their becoming creative contributors in their chosen
ficlds or enterprises. The career perspective elevates
the importance of knowledge, contrary to folk beliefs
about antagonism between knowledge and creativity
(Weishberg, 1999), but at the same time it makes transfer
of school learning appear increasingly problematic, The
“ten yeuar rule” applies to serious goal-oriented work
within a particular field; general education and develop-
ment, although they may be important, do not count as
part of the ten years. Early beginnings in the arts and in
some sports are characteristic of those who later excel,
but these lie mainly outside ordinary schooling (Bloom,
1985).

In view of the lack of convincing outcome research
(especially the lack of evidence of transfer) and the shift
of emphasis toward a career perspective, it would prob-
ably be desirable to abandon all talk about “teaching”
creativity in schools. Such talk only leads to false claims,
illusory curriculum standards, susceptibility to fads, and
an overemphasis on originality at the expense of the imita-
tion that has been found characteristic of those who later
excel. Instead of an attempt to teach creativity, material
reviewed thus far suggests the following components of
an approich to creative talent development:

* Shift the curriculum toward design mode, especially as
regards work in core subjects. Although work in be-
lief mode is important, virtually all the world’s creative
work is done in design mode.

* Strive for depth of understanding. Deep principles ut-
derlie most knowledge work and the transfer value of
shallow knowledge is especially questionable.

* Createa classroom cthos that makes striving for idea inr-
provement the norm., Sternberg (2003) offers a number
of pointers for doing this.

As 2 framework for implementing these suggestions,
knowlcdge building constitutes an approach in which all
these elements are salient and coordinated (Scardamalia
& Berciter, 2003).

pon T e et Y

e P e



SEP-12-2006

r

10:67

KNOWLEDGE ABOUT KNOWLEDGE

if work with knowledge is indecd becoming the feading

“work in developed nations, understanding knowledge it-

self could reasonably be sct as an educational objective.
[n their influential book The Knowledge-Creating Com-
pany, Nonaka and Takcuchi (1995) criticized Western
pusiness people for thicir Cartesian epistemology and
their neglect of implicit knowledge. Moldoveanu (2000)

" criticized business people for a naive and uncritical ap-

proach to matters of fact and belief.

Although the term efristernology was noteven indexed
in the 1986 Handbook of Research on Teaching (Wit-
rock, 1986), there has since been extensive rescarch on
teachers’ and students’ epistemological beliefs and their
influence on teaching and learning (Buchl & Alexander,
2001; Hofer & Pintrich, 2002; Mason, 2003). Although
epistemological belicfs are found to be multidimensional,
amajor dimension that turns up in all the rescarch is one
ranging from a simplistic and absolutist conception of
knowledge to a conception that recognizes in some: fash-
jon the tentative and contingent character of kinowledge
(Mason, 2003). Noteworthy in the context of this chapter
is the fact that research on students’ and teachers’ episte-
mologices pertains to what we have termed belief mode.
To what extent these epistemological beliefs would alfect
fimctioning within design mode is unknown.

More relevant to activity in design mode has been re-
search on teachers’ and students’ conceptions of inquiry
(Andre & Windschitl, 2003). Here the main distinction
appears to be between those who sce inquiry as the en-
actment of routines (often under the banner of “scien-
tific method™) and those who see it in more systemic
terms, as an interactive process with understanding as
an emergent. Unfortunately, however, research on beliefs
about inquiry typically does not distinguish between ex-
perimentation carried out in belief mode (testing whether
aguess or hypothesis is correct) and experimentation car-
ried out in design mode, where it is part of an iterative
process aimed at theery or product development. One
study that did differentiate (Carcy, Evans, Honda, Unger,
& Jay, 1989) indicated that a design-mode conception of
experimentation (Level 3 in their hicrarchical scheme)
was relatively rare among seventh graders, even though
they had undergone 6 weeks of instruction on the nature
of science that was effective in other respects.

In rough summary, research on teachers’ and students”
conceptions shows that vatious kinds of instruction and
experience can produce a shift from secing knowledge
as absolute (“the way things really are™) to secing it as
coustruycted; but understanding bow it is constructed re-
mains as a Jargely unmet challenge, one quite central to
creative knowledge work.
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Knowledge as an Emergent

As complex systems concepls such as self-organization
and emergence make their way into mainstream educa-
tional psychology, it becomes increasingly apparent that
there are no simple causal explanations for anything in
this field. In general, what comes out of a sociocognitive
process cannot be explained or fully predicied by what
goes into it. Creative works, understanding, and cogni-
tive development are all examples of complex structures
emerging from the interaction of simpler components
(Sawycer, 1099, 2004). Learning itself, at botl ncural and
knowledge levels, has emergent properties (Pribram &
King, 1996). $o widespread and significant is the impact
of systems concepts throughout the natural and behav-
joral sciences, moreover, that there is also an cmerging
cducational objective: to teach the theoretical concepts
and to foster “systems thinking” in students (Jacobson
& Working Group 2 Collaborators, 2003; Wilensky &
Resnick, 19993, Research has begun to appear identifying
and tackling the difficulties of acquiring complex systems
concepts (Charles & d’Apollonia, 2004).

A good case can be made for complexity theory (Byrne,
1998) as an essential part of a Knowledge Age curricu-
lum. Complexity theory may represent what Case and
Okamoto {1996} called a “central conceptual structure”
or what Ohlsson (1993 identified as an “abstract schema.”
Its inclusion in the curricutum can be justified on grounds
of its being a schema of very wide applicability and a valu-
able tool for advanced study in practically any discipline
and for any complex knowledge work. The problems of
teaching it naturally fall within the legitimate scope of
educational psychology. But the assimilation of complex
systems concepts into cducational psychology itself is a
different matter. It remains to be demonstrated what prac-
tical value this might have.

From 2 complex systems standpoint, effective teach-
ing of every kind may be characierized as constriic-
tive intervention inlo an ongoing self-organizing so-
ciocognitive process. This is a different conception from
both insteuctivist and “guide on the side” notions of
teaching. Examples of constructive intervention into self-
orginizing processes may be found in hotistic medicine
and in agronomy (maintaining a premium vineyard, for
instance): but we are not aware of itny general principles
1o guide such intervention.

Complexity Theory as a Scientific Basis
for Educational Psychology

Complexity theory promises to play an important role
in educational psychology as a way of comprehending

.13
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otherwise inexplicable phenomena and thereby steering
a wiser course toward practical decisions. Why, for in-
stance, does phonics work? It is easy to demonstrate that
it cannot possibly work, at least not in English, with iis
famously ircegufar spellings (Smith, 1971), yet it demon-
strably ducs work. Rule-based explanations are implau-
sible, because they reguire too many rules (Simon &
simon, 1973). Yt in connectionist terms it is casy to ex-
plain how the input of a crude phoneme-by-phoneme
sounding-out could produce accurate word recognition
as output. This not only brings the famitiar phenomenon
within the scope of scientific cxplanation, it may also help
steer instructional designers toward productive ways of
eliciting and building on the sounding-out phenomenon
(Marm & Scidenberg, 2004).

Another, even more puzeling phenomenon: The same
scientific misconceptions appear in students of a certain
age all over the world, Yet these naive conceptions are
not nornilly taught or openly discussed (else it would
not have required rescarch o discover then), so they
evidently arise spontancously. How is this possible? To
justify the misconceptions as reasonable does not answer
the question, hecause similar reasonableness could be at-
tributed to countless conceptions that do not arise. The
probiem here is to explin convergence, arrival at the
same state from different initial conditions—as in the con-
vergence of fish and aquatic mammals on a similar bocly
shape. Such a phenomenon is casily modeled with con-
nectionist networks, forinstance.

More germane o the present topic, however, is the
explanation of creativity. How do novel ideas originate?
From Campbell (1960) to Simonton (1999), a growing
pumber of theorists have maintained that creative idcas
arise by chance, because there is no other way novelty
could originate. But others, such as Sternberg, have found
it “utterly implausible thal great creators such as Mozart,
Cinstein, or Picasso were using nothing more than blind
variation to come up with their ideas” (Sternberg, Kauf-
man, & Pretz, 2002, p. 112). This is the same argument
used by Paley against Darwin: How could a structure as
complex and heautitully designed as the eyce have arisen
by chance? That is the question addressed at length by
Dawkins (1996) and morc generally by Denncett (1995).
Their answer is in what Dawkins catled “cumulative se-
lection,” & process by which random variations arc sclec-
tively incorporated into an emerging complex. For this 1o
work, however, scll-organization is also required. Further-
more, sclection in the case of human creativity need not
be fimited to teial and error but may be guided by accumu-
lated knowledge of what we have called * promisingness”
(Bereiter & Scardamalia, 1993).

The larger issue here is whether cducationat psychol-
ogy itsell needs o postindustrial makeover in order 10 ad-
dress the learning needs of the Knowledge Age. As other

chapters in this volume indicate, there is no Shol'ta-‘i
of theorcticat diversity in present-day educationg) P e
chology. If we move up 2 level, however, to formg 0;5:
theorizing, a gap becomes evident. There is thegrizm’g-i
based on causal linkages, of which production systei’n%
models provide impressive examples. There is theoﬁz_ifi
ing based on (usually unspecified and unquantified) myy; 1'
tivariate functions, often represented by box-and-arroy -
diagrams. $uch theorizing is as pervasive as this fﬂmi]iiir
type of diagram. There is theorizing that relies on story E
lincs or other literary devices to provide rich represen.’
tations of ideas. Finally, there is concept-plus-example
theorizing, in which concepts such as “legitimate pe. |
ripheral participation” or “epistemic agency” are intro- .
duced and followed by cxamples that the concepts are
shown to illuminate. Harder to characterize is what this
varied theorizing is about. Broadly speaking, it is about !
individual or group processes and individual or group
conditions.

Two things arc notably absent from this theoretical

mix;

1. Theorizing about ideas or knowledge as such. The
outcome of an individual or group process is taken to
be an individual or group condition (which may, how-
ever, be indexed by somc objective sign such as a
test score). Knowledge creation, reputedly the primary
productive activity of the Knowledge Age, does not fig-
ure in educational theorizing, nor are ideas or knowledge
treated as ohjects of inguiry.

2. Theorizing that makes substantial use of systems
concepts such as self-organization or of dynamical sys-
tems methodologics. These concepts appeit, of course,
but they do not have the theoretical force that they
are beginning to have in such ficlds as sociology of
knowledge, memetics, child development, and cognitive
psychology.

The result is that there is no theoretically grounded way
for tackling the distinctive cducationat challenge of the
Knowledge Age: developing in students a talent for cre-
ative knowledge work.

e A £ A e s et R
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TECHNOLOGY FOR KNOWLEDGE
AGE EDUCATION

As noted cacier, computers and compuier use figure
prominently in official plans for Knowledge Age educd
tion. Consistent with this cmphasis, alumni in the Univer-
sity of Washington survey (Gillmore, 1998) rated working
effectively with modern technology, especially comput-
ers as one of the abilitics most important in their present
lives. Note, however, that these alumni would have been
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jn university in the 1980s or carly 1990s, belore comput-
‘ers had become a normal part of student life. Tt has be-
come increasingly doubtiul whether the teem compuler
‘marks off a meaningful class of activitics or ahilitics. In
1st-century schools, computess, we helicve, are best
wreated as infrastructure, with educational issues being
defined on more fundamental bases. There is a persist-
ing belic, however, that a school in which high-tech re-
- sources are well integrated jnto the curriculum is )50
facto a school that is adequately preparing students for
the Knowledge Age.

The main reform task for Knowledge Age education,
we have argued, is to carry out more of formal education
in design mode. This has several implications for educa-
tional technology:

1. Because design typically involves different groups
working on different problems, technology is needed
to support idea diversity and coherence-producing ef-
forts, without micromanaging the process.

2. Because design work is frequently collaborative, tech-
nology is needed to support collaborative work.

3. Because formil education in design mode often re-
quires working with ideas rather than with concrete
objects, technology is needed that can represent and
prescrve ideas for sustained inquiry and development.

Developers working in the field known as Computer-
Supported Collaborative Learning (CSCL)Y have been ac-
tive since the carly 1990s and somctimes before in de-
signing software 1o mect these needs. As Kozma (2003)
found in an international on-sites survey, however, little
of this soltware or the thinking behind it has made its
way into school use, even in schools locally identificd
as innovative. Instead, the software used in schools con-
sists mainly of “productivity” applications—word proces-
sors, spreadshecets, and presentation software primarily
designed for business use and frequently bundled under
the name “office”—plus course delivery systems primar-
ily designed to support traditional university instruction.
The World Wide Web is used, but mainly to collect mate-
rial for reports.

CSCY technology covers a wide range, from discipline-
specific programs such as ChemSense (Schank & Kozma,
2002) to general-purpose  course development  tools
based on CSCL principles (Linn, Davis, & Bell, 2004),
from structured inquiry tools such as the Collahoratory
Notebook (Edelson & O'Neill, 1994) to relatively open ex-
ploratory environments such as Knowledge Forum (Scar-
damalia, 2002, 2003} and Boxer (diSessa, 2000). A use-
ful distinction is between tools, which scrve particular
purposes within variously structured activities, and enpi-
ronments, which constitute i system of affordances and
supports within which the main work of a learning or
knowledge-building community may g0 on.

30. EDUCATION FOR THE KNOWLEDGE AGE * T09

A knowledge-building environment (KBE), as defined
in the Encyclopedia of Distributed Learning, is:

Any envivorment (virtual or otherwise) that enhances col-
laborative efforts to create dand conitnually fmprove ideas
(Scardamalia, 2003).

This broad definition applies to knowledge work envi-
ronments of all kinds, not limited to educational oncs.
Across this spectrum, however, Scardamalia identified
several essential characteristics of KBEs that go beyond
the more genceral requirements of CSCL environments.
These include

support for social organization that gocs beyond division
of labor

Support for collaborative creation and revision of concep-
tual artifacts

Shared, user-configured design spaces with supports for
citing and referencing one another’s work

Ways to introduce higher-order organizations of ideas
(in contrast to threaded discussion that only permits
downward branching)

Ways for the same idea to be worked with in varied and
multiple contexts

Systems of feedback 1o enhance self- and group
monitoring of ongoing processes

Linking of persons and groups on the basis of shared goals
and problems rather than on the basis of shared topics
of interest

As applied to cducation, Rubens ct al. (2003) describe
KBEs as

Sophisticated cnvironments designed to support expert-like
processing of knowledge by guiding students to work collabora-
tively to improve shared knowledge objects. . .. Through these
kinds of environments, students may be guided to cngage in
productive working with knowledge objects in the same wity a5
the scientific community is engaged with theory improvement.

@ 1%

Thus a knowledge building software environment does
not merely promote Knowledge Age soft skills but em-
bodies the essential characteristics of creative knowledge
worlk.

CONCLUSION

A distinction between belief mode and design mode has
framed the discussion in this chapter. Belief mode, we
have emphasized, does not imply parroting ot indoctri-
nation: it can be critical inquiry of a high order. But it is
concerned with evaluating and deciding among claims,
whereas design mode—the principal modein knowledge-
based cnterprises-—is concerned with creating and

.15
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improving ideas. Both modes are important, and creative
knowledge work involves skillful movement bhetween
them. For instance, a trial lawyet’s courtroom petfor-
mance is conducted in belief mode insofar as it is con-
cerned with defending or refuting truth claims. But the
background work—the devising of a stratcgy, the con-
struction of a case, the searching out of legal angles, and
s0 forth—is design work of a demanding sort, design work
that is continually related to the belief issues at stake in
the courtroom. Parailels can be drawn to the work of
a sales representative. Different forms of interaction be-
rween truth issues and design issues are to be found in in-
vestment counseling, architecture, and virtually any kind
of work that calls for complex problem solving. But for-
mal ecducation, by being conducted almost exclusively in
belief mode, fails to provide students with experience in
the productive, creative side of knowlcdge work.

An adequate educational model for the Knowledge
Age, we have argued, must rectify the imbalance by con-
ducting more of formal education in design mode. This
is not something that can be done by bringing design
activities in as incidentals or homework while the main
educational effort continues to be concentrated in belict
mode. It will not be sufficient for students to perform
experiments to satisfy themselves that Newton's laws of
mechanics are valid. They also need to consider Newton’s
laws from a design perspective, 5o as to appreciate why in-
ertia and acceleration are important ideas and why there
is value in Newton’s complex conceptions 4s opposed to
the simpler everyday meanings attached to these terms.
It will not be sufficient for students to learn how laws
are made in their country and to consider whether the
method is just and democratic. They need to se¢ law-
making as 2 human invention, to consider the difficulties
it poses and the different ways that these difficultics may
be surmounted.

Four approaches to bringing design mode activity
into the academic curriculum were deseribed—-Learning
by Design, Project-Based Learning, Problem-Based Learn-
ing, and Knowledge Building. Although ill are construc-
tivist approaches, they differ in the goals students pur-
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