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Summary: Gifted education can be seen as a frontier of innovation education, wherein the nurturing
of creativity has been an educational priority. Parallel to the first two stages of research on creativ-
ity, with its emphasis on person and process, gifted education has focused on two aspects of innova-
tion education: how to provide a good educational match for those who demonstrate unique
creative potential, and how to nurture creativity through curricular and instructional designs. These
explorations have proved highly meaningful for general innovation education. In recent years,
creativity researchers have broadened their perspectives-beyond person and process to encompass
complex social-cognitive dynamics and synergistic power. Technological advances and availability
of cyber resources also make it possible to design an education gearing toward developing personal
creativity on all fronts of human endeavor. It is argued that gifted education can learn from these
new movements in innovation education and broaden its education scope accordingly.

Key words: Gifted education, innovation education, creativity enhancement, the person, process,

and context dimensions.

Introduction: links between innovation education and gifted education

To give a fair chance to potential creativity is a matter of life and death for any society.
(Arnold Toynbee 1964)

It is not without reason that, in education settings, the term “creativity” is used more often (e.g.,
development of creative productivity, Renzulli, 2005; creativity enhancement, Beghetto &
Kaufman, 2010), while in work settings, innovation is used more frequently (e.g., Estrin, 2009).
For the former, the concern is more about developing desired characteristics conducive to mature
creative expressions, and increasing the chances that youths will become more capable of produc-
ing novel and useful ideas and products in their adulthood. When the term “innovation” is used,
the concern is more over facilitating creative products and services that have a direct social impact
and practical consequences. Thus innovation is always context-specific, product-driven, while
creativity could refer to more general conditions and characteristics conducive to development and
expression of creativity. Defined this way, we might think of innovation education as having two
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From Giftedness to Innovation Education

phases: general preparation in K-12 education and direct application in college and beyond.
Whether we use creativity education and innovation education interchangeably or make a distinc-
tion between the two is a matter of convention.

Gifted education has a natural connection to innovation education, given its goal of producing
next generations of leaders who can lead; that is, who can innovate in varied and many ways on all
fronts of human endeavor. At least three links can be established between gifted education and
innovation education: theoretical, practical, and social ones, which almost guarantee the reciproca-
tion of the two.

The first link is theoretical in nature. Gifted education is particularly keen on creativity as (a) an
aptitude variable (personal characteristics, cognitive or affective, conducive to creative expressions,
broadly defined), (b) a contextual variable (environmental structures and social conditions that
induce or inhibit creativity), and (c) an educational outcome variable (what kind of educational
experiences promotes creativity enhancement and development). Therefore, gifted education has a
huge overlap with innovation education in seeking a deep understanding of how the creative
potential can be unleashed, identified, carefully nurtured, and systematically developed.

The second link is more practical. Gifted education arose partly as a reaction to the traditional
age-graded schooling, with a fixed curriculum for all, the transmission model of learning and peda-
gogy, and a uniformed evaluation system. Gifted education seeks a more individualized mode of
education, responsive to individuals’ strengths and interests, rather than adhering to a one-size-fits-
all curriculum and teaching to the average. Pedagogically, it seeks a more productive mode of
learning rather than mere regurgitation or passive absorption of information for testing purposes
(Renzulli & Dai, 2001; Renzulli & De Wet, 2010). It can beargued that an emphasis on creative
and critical thinking in classroom now advocated by leading educational scholars (e.g., Halpern,
2008; Resnick, 2010) as well as prominent advocacy groups (e.g., Partnership for 21st Century
Skills, 2008) dates back to the early years of gifted education (e.g., DeHaan & Havighurst, 1957;
Torrance, 1963).

Finally, the third link, the social one, refers to the fact that many leading researchers and scholars
in gifted education have also been educational psychologists and active researchers on creativity
(e.g., Bonnie Cramond, John Feldhusen, Jane Pirrto, Jonathan Plucker, Joseph Renzulli, Robert
Sternberg, Paul Torrance, and Donald Treffinger). It is natural that the practical ideas and models
they have developed based on educational psychology to enhance creativity in gifted education has
generality in application for all learners.

How advances in gifted education have contributed to innovation education

To understand the advances made in gifted education with respect to creativity enhancement and
development, we need to put them in the context of both the psychological research on creativity
and the rise of gifted education and ensuing changes in the American history. On the research side,
there are three broad phases of creativity research (Sawyer, 2006b). The first phase roughly started
with Guilford’s (1950, 1967) presidential speech at the 1950 annual convention of the American
Psychological Association (APA), and epitomized by the Utah Conferences held between 1950 and
1963. The focus during this period was on identifying personal characteristics conducive to creativ-
ity and nurturing creative potential of individuals by developing these characteristics (e.g., MacKin-
non, 1962). The second phase started in the wake of cognitive revolution with a focus on underlying
cognitive and motivational processes that lead to creative products (e.g., Getzels & Csikszentmiha-
lyi, 1976; Finke, Ward, & Smith, 1992; Weisberg, 1999), and social conditions that either facilitate
or hinder these processes (Amabile, 1983). The third phase started in late 1990s and continues to
date, with a focus on synergistic group dynamics and distributed cognitive and social processes
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leading to creativity (e.g., Dunbar, 1997; Sawyer, 2003). Different zeitgeists during these distinct
historical periods have had a strong impact on how creativity enhancement in education is concep-
tualized and implemented.

On the educational side, the rise of gifted education in the US was prompted by the launch of
the first satellite (the Sputnik) in the former Soviet Union in 1957. The focus was on a unique
group of gifted children, the “creatively gifted” (Getzels & Jackson, 1962). In its later development,
leading scholars in gifted education have paid increasing attention to the dynamic, developmental,
and contextual nature of creativity (Renzulli, 1978, 1986, 2005), hence the role of educators in
creating optimal conditions for developing students’ creative potential.

First phase: from 1Q to creativity — a shifting focus

IQ had been the gold standard for gifted identification since Louis Terman (1925), who launched
the first ever longitudinal study of over 1,500 children whose 1Qs were 135 or above. Guilford
(1950) suggested that correlations between intelligence measures and creativity measures were low
enough to justify treating them as distinct constructs. Guilford’s (1967) theory of Structure of Intel-
lect was one of the major theories that provide a model for the diftferentiation. But it was Getzels
and Jackson (1962) who made a strong argument, based on their research and Guilford’s theory,
that the “creatively gifted” would be overlooked by exclusively using the IQ criterion for identifi-
cation purposes. Although the “creatively gifted” Getzels and Jackson identified turned out to have
a mean IQ of 127, not “average” by any standard, the notion that there is a distinct quality called
“creativity” that is different from but as equally important as “intelligence” gained currency. It was
cemented by the Marland Report (Marland, 1972), which provided an “official” definition of
giftedness and identified “creative giftedness” as a distinct feature of gifted potential (see also Gagné,
2005; Tannenbaum, 1997 for further elaboration). But it was Paul Torrance who truly laid the
foundation for something we might call “education for creativity.”

Paul Torrance

Torrance was one of the earliest scholars who systematically conducted research and developed ideas
on how teachers can foster creativity in their classroom teaching. His 1963 book entitled Education and
the Creative Potential was a mixture of theoretical exposition and empirical research attempting to map
out social and educational conditions that either facilitate or inhibit creative thinking and the long-
term development of creativity. Although building on Guilford’s (1950) notion of divergent produc-
tion as a source of creativity, and Getzels and Jackson’s (1962) focus on the “creatively gifted,”
Torrance’s approach was much richer in his conception of creativity (e.g., defining creativity as
finding and resolving discrepancies), and much more educationally and developmentally oriented;
that is, how to create an environment conducive to the flourishing of the creative potential in all
children. Torrance contrasted “learning and thinking creatively” with “learning by authority”:

A child learns creatively by questioning, inquiring, searching, manipulating, experimenting,
even by aimless play; in short, by always trying to get at the truth. Learning and thinking
creatively take place in the process of sensing difficulties, problems, and gaps in information;
in making guesses or formulating hypotheses about these deficiencies; in testing these guesses
and possibly revising and retesting them; and finally in communicating the results.... We learn
by authority when we are told what we should learn, when we accept an idea as true on the

word of some authority.
(Torrance, 1963, p. 47)
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From Giftedness to Innovation Education

In his 1970 book Encouraging Creativity in the Classroom, Torrance further expounded what teachers
can do to promote creativity. He identified several pedagogical steps to engage creative learning,
such as heightening anticipation for what the learner will be exposed to, sustaining the momentum
by creating the unexpected, building creative skills, going beyond textbooks, classrooms, and
curricula.

Major contributions

Torrance’s work epitomizes early seminal contributions to innovation education in the mid-20th
century. First, creativity was seen as originated from the primary ability to produce novel ideas,
ideas deviating from norms and familiar ones; this ability is a different kind than intelligence as we
know based on 1Q tests. Guilford’s influence was palpable. Second, some individuals display strong

”

“creative needs,” such as intellectual curiosity, the need for meeting challenge, the need to give
oneself completely to a task (i.e., task commitment), the need to be honest and search for the truth,
and the need for being oneself (Torrance, 1970, Chapter 2). Teaching that responds to these “crea-
tive needs” would naturally bring students’ creative ability into play. Third, the unruly childhoods
of Edison, Franklin, the Wright Brothers were used as prototypes of the youth of the creatively
gifted. Fourth, divergent thinking tests were considered a good instrument for measuring individ-
ual differences in creative potential (Torrance, 1972). Although his work was clearly influenced by
the zeitgeist of his times, being an educator himself, Torrance’s legacy for creativity or innovation
education is much richer than the above theoretical abstractions. His focus on teaching for creativ-
ity went beyond the “creatively gifted” to reach out to all children, and the pedagogy he advocated
for “learning and thinking creatively” pre-dates the later movement of inquiry learning (Aulls &
Shore, 2008). In effect, his education focus went beyond the then popular psychometric view of
creativity in considering a combination of endogenous and exogenous factors, not the least of
which is the intrinsic motivation to know (Torrance, 1970).

Second phase: from traits to processes — teaching creative problem solving and
encouraging and supporting the development of creativity

Although in his later years, Torrance was exposed to the cognitive revolution and used ideas about
creative problem solving developed by cognitive psychologists (e.g., Newell, Shaw, & Simon,
1962), Torrance’s times were dominated by the psychometric view of traits and their contributions
when creativity is concerned, be it IQ, divergent production, or personality traits of creative indi-
viduals (MacKinnon, 1962, 1978). This trend changed after cognitive psychology took hold (e.g.,
Newell & Simon, 1972); gradually the focus shifted from what characteristics creative people
possess to the issue of what people do when they engaged in tasks involving complex problem
solving and creativity. Getzels and Csikszentmihalyi (1976) conducted a longitudinal study on art
and found problem finding (or representation) and intrinsic motivation to be predictive of creative
productivity in arts in later years. In contrast, Finke et al. (1992) developed their “creative cogni-
tion” approach based on their lab experimentation; they specified two phases of creative cognition,
generate and explore (hence the Geneplore Model). About the same time, Amabile (1983) devel-
oped her “social psychology of creativity,” focusing on social-contextual influences on perform-
ance on creative tasks. Taken together, processes gained primacy over traits, a move that had an
impact on gifted education as well.

In gifted education, Guilford and Torrance continued to influence scholar discourse, research,
and practice regarding how to define, identify, and nurture creativity in 1970s and 1980s (e.g.,
Feldhusen & Treftinger, 1986). However, a major shift occurred during that period from treating
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creativity as an aptitude variable to an outcome variable; that is, learning and thinking creatively
becomes a major educational goal for the gifted (Feldhusen & Treffinger, 1986; Gallagher, 1975;
Renzulli, 1977; Renzulli & Callahan, 1973). This change was important because creativity,
however defined, was seen not as an enduring characteristic of the person but as developmental in
nature, subject to educational interventions. Gifted education researchers developed two distinct
approaches to enhancing creativity, each with its own theoretical underpinnings.

The first approach is based on the problem solving model, specifying steps involved in solving
complex problems. This approach treats creativity as a set of teachable skills that can be trained and
modeled. For example, Treffinger (quoted in Feldhusen & Treffinger, 1986, p. 45) identified six
steps of creative problem solving:

selecting parameters;

listing attributes for each parameter;
developing evaluation criteria;
examining many combinations;
checking up on other resources; and

AN Ul B N~

following up on promising ideas.

To scaffold students to be creative problem solvers, Feldhusen and colleagues developed the Purdue
Three-Stage Model of creative enrichment (Feldhusen & Kolloff, 1986; Feldhusen & Treffinger,
1986). Stage One activities are teacher-directed, aimed to develop basic, discrete thinking skills
necessary for higher-level thinking; Stage Two activities-are teacher-guided and designed to
develop broader strategies for tackling given; circumscribed problems, but there is more self-
direction on the part of students; Stage Three activities are independent projects by which students
are given more freedom and self-direction to use skills developed in the previous two stages in
tackling more realistic, open-ended problems (see Treffinger & Isaksen, 2005, for a review of
recent developments in the Creative Problem Solving model).

Alternatively, the second approach sees creativity as an emergent property when people, through
their high task commitment, bring their abilities, skills, and knowledge to bear upon a task that has
authentic meaning and potential impact on an audience. The three-ring conception of giftedness
(gifted manifestations as the interplay of above average ability, task commitment, and creativity),
developed by Renzulli (1978, 1986), represents such an approach. It treats creativity as a contextu-
ally emergent capability of making authentic inquiry to its fruition. This capability cannot be dis-
sociated from one’s domain-specific and general abilities, task commitment (a distinct motivational
component), and environmental support for such a productive activity. Renzulli (1986) also distin-
guished between two kinds of giftedness: schoolhouse giftedness in terms of good lesson learners
and test-takers, and creative-productive giftedness in terms of producing solutions and fashioning
products that have a real impact on an audience. In so doing, Renzulli departed from the Guilford
tradition, which defines creativity as divergent thinking. In stressing the importance of task com-
mitment, he also differed from a purely “creative cognition” approach. His Enrichment Triad
model (Renzulli, 1977) identified three types of enrichment: Type I activities expose students to a
variety of real life topics and domains of human endeavor not often featured in school curriculum;
strengths and interests can be identified. Type II activities teach students relevant skills necessary to
carry out independent inquiries; abilities and commitment can be assessed to determine suitability
for Type III activities; Type III activities are independent or group investigative projects meant to
produce tangible products of real impact; while a student’s “above average ability” may be gauged
by cognitive ability tests, task commitment and creativity can only be assessed during the produc-
tive process.
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From Giftedness to Innovation Education

Major contributions

Theoretical contributions during this period include a shift in focus from traits to developmental
processes leading to creativity, from person accounts of creativity to process accounts of creativity.
This shift led to pedagogical innovations such as the Schoolwide Enrichment Model (Renzulli &
Reis, 1997), Creative Problem Solving (Treftinger & Isaksen, 2005), initially designed for gifted
students but later applied to all students. Because of these changes, there is a shift in assessing crea-
tivity. Beyond the objective, psychometric measurements such as the Torrance Test of Creative
Thinking (TTCT), other techniques were developed, such as Consensual Assessment Technique
that incorporates expert judgments (Amabile, 1982), and performance assessment based on authen-
tic inquiry (Renzulli & Reis, 1997). A complete model of person, process, and product necessitates
a new view of creativity assessment that involves evidence of changing behaviors, strategies, and
performance in a more dynamic, contextualized fashion.

How advances in innovation education can contribute to gifted education

Gifted education has long been a pioneer for teaching and learning for creativity and innovation
(Renzulli, 1977; see Tomlinson & Callahan, 1992). However, it also tends to see itself as having a
separate identity, apart from the rest of education, in the name of serving “special needs” of gifted
students. Conceptualized this way, gifted education has been somewhat insulated from a broader
educational perspective. The third phase of research on'creativity goes beyond a focus on the dif-
ferential creative potential of individuals, which characterizes research in mid-20th century (the
first phase), or on cognitive and motivational processes involved in creative thinking, which char-
acterizes research in late 20th century (the second phase); the new trend is characterized by explor-
ing new possibilities for creative learning through social interaction, technological support, and
personalization of learning and knowledge. ‘This body of research is conducted outside of gifted
education, and, as I submit, can potentially make important contributions to gifted education.

The third phase: naturalizing creativity or the inherently creative nature of inquiry
activities

The thrust of this new wave of research on teaching and learning for creativity comes from a reali-
zation, attained a long time ago, that learning can be truly a creative act or a form of creative cogni-
tion in that learning is generative (Bruner, 1960) and that novelty in thinking can be engendered
through learning (Torrance, 1963). This new movement is poised to “naturalize” creativity. Natu-
ralizing creativity means that creativity is not some kind of special processes humans deployed for
special purposes (making creations) but is the product of natural human quests for meaning, truth,
and optimality. For instance, Sawyer (2006b) quoted Heisenberg’s remarks that “science is deeply
rooted in conversations” (p. 276) as a strong support for collaborative and synergistic creativity (see
also Sawyer, 2003); that is, creative activity is fundamentally social and interactive. Naturalizing
creativity is also based on the argument that creativity origins with situated actions rather than mere
ideation; namely, creativity does not start with novel ideas but with meaningful tasks, actions, and
interactions from which creativity emerges over time (Sawyer, 2006b). Consequently, creativity
enhancement efforts need to be repositioned seamlessly in daily transactions in natural settings.
Several educational innovations take on this tack.

Historically, learning has been defined as an act of absorbing knowledge created by others, with
the teacher serving as a medium. There is a correspondence between the teacher’s input and stu-
dents’ output. Scardamalia and Bereiter (2006) challenged this notion of learning. In their model of
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the Knowledge Building community that engages students in what they called “creative knowledge
work” (p. 98), the line between learning and creative thinking is blurred. For example, the work of
fifth graders on Gregor Mendel’s problem of genetics is seen as “continuous with that of Gregor
Mendel, addressing the same basic problem” (p. 98). A key concept meant to materialize this trans-
formation is “idea improvement.” Pedagogical features that ensure its effectiveness are high levels of
student control and collective cognitive responsibility, coupled with its “launching pad”: Know-
ledge Forum, a technological platform for organizing publicly expressed ideas (Zhang, 2012). This
way, the role of learners as creative agents is redeemed. Different from static, individualistic concep-
tions of intelligence and creativity, based on which giftedness is attributed to individuals, this new
approach is committed to “relational ontology” of human functioning (Barab & Plucker, 2002;
Gresalfi, Barab, & Sommerfeld, 2012). So construed, gifted learners are those who continually
engage in an active, critical way of learning through which information is transformed and new
insights into the world are achieved (Dai, 2012; Gee, 2007; Perkins, 2009). Learning in this sense is
not merely preparation for creativity. Learning is a way of keeping an innovative edge.

One question that has long plagued research on learning and creativity and divided researchers
is how to deal with the fact that school-age children are in the process of developing their know-
ledge and skills and may not have the cognitive infrastructure to build their creative representations
and thoughts on important matters (e.g., Kirschner, Sweller, & Clark, 2006). In gifted education,
the problem is presented as a gap between what Renzulli (1986) called two kinds of giftedness:
“knowing a lot” through textbooks and secondary sources in childhood on the one hand, and crea-
tive productivity in adulthood on the other. Schwartz and Bransford (1998; Bransford & Schwartz,
1999) built on Hatano’s work and proposed efficiency and innovation as two dimensions of adap-
tive expertise. Seeking innovation without efficiency, one will end up as a frustrated novice;
achieving efficiency without an innovative spirit, one will end up as a routine expert. They argue
that there is an “optimal adaptivity corridor” leading to-adaptive expertise (Bransford et al., 2006,
p. 27). Building a curriculum that balances the acts of building efficiency while developing an
innovative edge is a fundamental task for gifted education that can ultimately fill in the gap between
two kinds of giftedness (Reenzulli, 1986).

Another way of “naturalizing” creativity is to highlight personal creativity as ubiquitous to
human beings when they are allowed to freely choose and develop their repertoire of knowledge,
skills, and values (Runco, 2010; see also Beghetto & Kaufman, 2010; Collins & Halverson, 2009).
An advantage of this coneeption for school-age populations is that we emphasize demonstration
and nurturance of creative potential and agency, rather than mature creative “performance” or
“product.” Ultimately, little “c” in the form of personal knowledge (Polanyi, 1958) is a primary
source of eminent adult creative productivity (big “C”; Csikszentmihalyi, 1996). New advances in
technology clearly enhance the opportunity for developing personal creativity, when student learn-
ing is less dictated by a fixed school curriculum and more “customized” based on individuals’
strengths and interests (Collins & Halverson, 2009). Many digitally engendered or -enhanced
resources, platforms, and tools can be used to help children think more creatively and participate in
knowledge creation (Craft, 2010). This new vision represents a new direction gifted education can
take, from serving “special needs” of advanced students beyond the confines of regular classroom,
as it currently stands, to building a personal (and sometimes social) network of ideas, skills, values,
and worldviews for advanced students to enhance their personal creativity.

Major contributions

Torrance (1963) and Renzulli (1977) foretold the “naturalization” of creativity. But the recent
work has explicated many principles and avenues to realizing creative potential. It takes two forms,
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to leverage the power of a community in building new understandings and cognitive apparatus, and
to develop personal creativity by carving one’s own niche. Assessment of creativity is taking an
increasingly flexible approach, tracking processes rather than merely gauging products, moving
away from parametric assumptions of individual differences to contextualized diagnosis of progress
and shortfalls (e.g., Shute & Kim, 2012). Instead of using individuals as a unit of analysis, dialogic
interactions and collaborative discourses become an empirical basis for assessing creative dynamics
(Sawyer, 2006a). Gifted education apparently needs to reposition itself in the midst of these funda-
mental changes.

Prospects of interactions between gifted education and innovation
education

If the purpose of innovation education is identifying, developing, and transforming child talent into
adult innovation (Shavinina, this volume), gifted education should be the central part of this
endeavor (see Delcourt & Renzulli, this volume; Fox, this volume; Rogers, this volume; VanTassel-
Baska, this volume). As I suggest in the previous sections, explorations in gifted education and
innovation education have a history of reciprocation given their overlapping concerns. Gifted edu-
cation, as conventionally defined, is concerned with those students who demonstrate unusual capa-
bility and potential, such that their educational needs are typically not well met within the regular
classroom (Marland, 1972; Ross, 1993). Defined as such, gifted education shares the concerns of
turning talents into creative use with innovation education, while having the extra tasks of identify-
ing the most promising youth for interventions. In the following section, I attempt to identify areas
in which the fruitful reciprocation can continue.

A life-span perspective on the development of creativity and innovation

A common trend in gifted education and innovation education, as Shavinina (this volume)
defines it, is to take a life-span developmental perspective (Matthews, 2009). This means that
we see high-level creativity demonstrated in the production of novel and valuable ideas and
tangible artifacts not-as a characteristic possessed by few individuals but as the outcome of a
prolonged developmental process, involving a unique formation of knowledge, skills, disposi-
tions, and values vis-a-vis a particular line of work. The traditional, psychometric view of intel-
ligence and creativity can be recast in this developmental framework as indicative of the
probability with which some may be more inclined than others to engage in novel ways of
thinking and doing that prove valuable. For example, conceptions of fluid and crystallized intel-
ligence (Cattell, 1971), of fluid analogizing (Geake, 2008) are still meaningful for understanding
individual differences in their creative potential and inclinations. The tradition of understanding
creativity as underpinned by particular cognitive structures and processes can also be incorpo-
rated into a developmental account. For example, in Finke et al.’s (1992) Geneplore Model of
creative cognition, generating new possibilities entails pre-inventive cognitive structures (i.e.,
unique organization of knowledge); explorations of these possibilities involve evaluation and
decision on the most promising avenues. These cognitive processes leading to real life creativity
last for months and years, even decades (e.g., Charles Darwin), and are best characterized as
developmental in nature in that the cognitive system undergoes changes in itself while acting
upon a particular aspect of the world. Finally the tradition of motivation research would find its
own niche in contributing to a life-span developmental account by explicating what propels
some individuals to pursue their unique visions, take calculated risks, and stay at the edge of
chaos (Dai & Renzulli, 2008).
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From this life-span perspective, what can educators do to make changes that respond to the need
for developing creative talents and an innovative ethos in education? In the following section, I
propose four imperatives as an agenda for innovation education.

Identifying and cultivating creative potential: the curriculum imperative

Naturalization of creativity means that creative agency can manifest itself everywhere in every
aspect of human life. A life-span perspective on education for innovation would naturally pay
attention to those transitions, from childhood to adolescence, and from adolescence to adulthood,
where both challenges and opportunities are present for creativity. Individuals’ creative potential is
enhanced when differential development in terms of various trajectories, pathways, and niches are
encouraged and supported. The rationale for differential development is that when individual
strengths and interests are identified and supported, the end result is more cognitive diversity in the
talent pool, hence the better chance for innovation. In that regard, a one-size-fits-all education
coupled with rigid, uniform evaluation standards is detrimental to the development of creativity
and ultimately innovations in practical settings.

Does gifted education have a distinct place in innovation education? Are there individual differ-
ences in creative potential? The answer is definitively yes. There are prerequisites for pursuing a
particular creative career leading to eminent contributions (Ackerman, 2003; Lubinski, Webb,
Morelock, & Benbow, 2004). One cannot be a creative engineer without a strong mathematics
background, just as one cannot become an eminent composer without a strong foundation of
musical knowledge and skills. However, creative potential is not unitary and can take many forms
and shades. Even within the same domain, creativity may entail different sets of skills and pen-
chants. Thus classic music composers. difter from jazz musicians, and molecular biologists difter
from more “naturalistic” biologists. Because of this diversity, generic divergent thinking tests
cannot capture a unique aspect’of creative potential, just like generic intelligence tests cannot
capture specific intellectual propensities. Therefore, educators are better oft when identifying high
creative potential through' student performance in a particular domain, be it a traditional school
subject (e.g., mathematics) or non-traditional topic (robotics or computer animation). Selectivity
and high-level excellence is what distinguishes gifted education from general education (Dai, 2010).
But that does not negate a common vision for all educators: to look for a unique combination of
knowledge, skills, dispositions, and values in individual students that eventually leads to distinct
“personal knowledge” (Polanyi, 1958), and unique representations or visions of the world
(Shavinina, 2009), which is the foundation for innovation.

Playing the whole game: the pedagogical imperative

As alluded earlier, there are two schools of thought on how to nurture creativity; one believes that
creative processes are discrete and teachable, and should be explicitly taught. The other believes
that creativity is a by-product of inquiry and action, and can only be nurtured in a holistic manner,
Feldhusen’s (Feldhusen & Kollof, 1986) and Renzulli’s (1977) enrichment programs incorporate
both features (engaging students in authentic activities, and provide some structural guidance as
needed). There is an increasing realization in cognitive psychology that how to think (process) can
never be completely separated from what to think about (content) (Anderson, 1987); in other
words, it is erroneous to treat “higher-order thinking” as a separate process that can be brought to
bear upon whatever content one is dealing with. On the other hand, higher-order thinking can be
deliberately engaged through instructional guidance if the learning goal is deep understanding.
Scardamalia and Bereiter’s (2006) “knowledge building” engages learning and thinking that is by
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nature generative (i.e., creative). Schwartz and Bransford (1998) provide ways of determining
when to give students full freedom to explore and “when to tell” in building adaptive expertise.
Lehrer and Schauble (2006) suggest engaging students in model-based reasoning and imagination
as a way of building deep understandings. It should be pointed out that cognitive modeling is fun-
damental for creativity, whether it takes the form of analogical thinking (Holyoak & Thagard,
1995) or embodied mental simulation (Barsalou, 2003). In addition, a certain dose of critical think-
ing is always present in order to generate ideas and solutions that are novel and valuable (i.e., crea-
tivity) (Fairweather & Cramond, 2010; Langer, 2012). Consequently, the best metaphor for a
pedagogy of creativity is that of “playing the whole game” (Perkins, 2009). Any distinct domain of
human practice is a “game” with a particular design; learning for creativity means learning how the
game is designed to achieved its goals, how to play the game (not merely learning about the game),
and how the game might be improved by modifying its components or design features (Gee, 2007;
cf. Sawyer, 2010). This kind of generative learning involves gaining new perspectives on a game,
building instruments for tackling problems the game presents, and reflecting on how the game
should be played (Dai, 2012). The process is fundamentally social in that participants who play the
same game share information and build on each other’s ideas (Gee, 2007; Zhang, 2012).

Would the whole game be played differently for gifted and talented students, given that they
typically achieve automaticity faster, develop deeper insights into the issue at hand, and taking more
promising avenues with less instructional guidance (Borkowski & Peck, 1986; Kanevsky, 1990;
Steiner, 2006)? In other words, does Aptitude-Treatment Interaction (ATI; Cronbach & Snow,
1977) matter? A strong version of the ATI argument states that students with Aptitude A would be
best served when matched with Treatment A, but not Treatments B or C; thus, those who prefer
a more creative way of learning would benefit most from a creative style of teaching (Grigorenko
& Sternberg, 1997). A weak version of the ATI argument states that while certain pedagogical
strategies would work for most students, they carry value-added benefits for gifted and talented
students. For example, there is a plenty of evidence that inquiry-based learning can benefit all stu-
dents (Hmelo-Silver, Duncan, & Chinn, 2007). The Integrated Curriculum Model developed by
VanTassel-Baska and her colleagues (VanTassel-Baska, 1986; VanTassel-Baska & Brown, 2007)
leverages three cognitive components in enhancing high-end learning: (a) advanced content, (b)
high-level process and product work, and (c) intra- and interdisciplinary concept development and
understanding. Such a model is not exclusively applicable to gifted students, but gifted students
clearly stand to gain more from such an inquiry-based curriculum (Aulls & Shore, 2008; see also
Ceci & Papierno, 2005). Thus, there is no “gifted pedagogy,” a pedagogy suitable only for gifted
and talented learners (Tomlinson, 1996), but different doses of instructional guidance may be
needed depending on how much support is needed for the learner to advance to the next level of
competence (Vygotsky, 1978). Knowing that gifted and talented students are often autodidactic
(i.e., selt-taught and self-educated in skill development), what Collins and Halverson (2009) pre-
scribed as the 21st century learning, customization, learner control, and interactivity, may be espe-
cially beneficial to gifted learners. On the other hand, because of the more advanced levels which
gifted learners characteristically attain, it is also crucial that mentorship experiences with experts in
a field be provided (Grassinger, Porath, & Ziegler, 2010) so that the learners will develop deep
insights into a domain of human endeavor and social practice.

Developing resources, tools, and support for “junior version” innovations: the
capacity building imperative

Although it is not always feasible for school-age students to engage in “real play” in work settings
when it comes to exercising their newly acquired knowledge and skills, according to Perkins
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(2009), we can always design some “junior versions” of a game so that students will get a feel of
what the game is about and how to play it. Lave and Wenger (1991) aptly called it “legitimate
peripheral participation.” How to develop resources, tools, and support systems to enable students
to play the whole game is a practical as well as intellectual challenge. At the conceptual level, what
makes a “whole game?” Can we define its boundary, or can one move from one “game” to
another? What are the essential elements for such learning, or, more accurately, an apprenticeship
game? Gee (2007) drew inspirations from the video gaming community. Sawyer (2003, 2010) got
clues from jazz musicians and artists at work. In general, of course, we can roughly equate “playing
the whole game” with inquiry and project-based learning (Hmelo-Silver et al., 2007; Krajcik &
Blumenfeld, 2006), in which students have to tackle real world problems (at least their “junior”
versions) similar to what scientists, artists, and scholars, other professionals deal with in work
settings.

Conceptualizing learning for creativity is one thing; practically making it happen is another. It
seems essential to build an infrastructure of support for playing the whole game, with resources
earmarked, tools available, and coaches on the side. Digital technologies clearly have created new
possibilities for this endeavor (e.g., Barab, Gresalfi, & Ingram-Goble, 2010). What practical con-
straints on the part of students as well as the learning environment are involved in “playing the
whole game” effectively needs to be fully understood before we can put to test the proposition that
this is a viable approach to enhancing creativity. How can practical innovations in gifted education
contribute to the capacity building effort for playing the whole game in general? One example is
Renzulli Learning System (RLS), a fully integrated technological system for creating and managing
inquiry and creative activities for primary and secondary school students (Renzulli & Reis, 2009).
The system begins by providing a computer-generated profile of each student’s academic strengths,
interests, and learning styles. A search engine then matches internet resources to the student’s profile
by subject area, grade level, state curricular standards, and degree of complexity. Then a manage-
ment system called the Wizard Project:Maker guides students in the application of knowledge to
teacher- or student-selected assignments, independent research studies, or creative projects that
individuals or small groups would like to pursue. Although the system is designed to help teachers
differentiate curriculum for gifted students, it can be used to engage all willing students to engage
in projects chosen by themselves or suggested by teachers. There is much to learn about the support
system for developing creativity and innovation. For instance, each year more than 1,500 high
school students nationwide in the US apply for Intel Science Talent Search program (www.intel.
com/about/corporateresponsibility/education/sts/index.htm). The basis for selecting finalists and
final winners is the products of their scientific projects. It would be highly instructive to know how
what kind of resources, tools, and technical and social support systems were behind these undertak-
ings, and what makes some efforts more successful than others.

Developing a taxonomy of creativity-innovation enhancement: the assessment
imperative

Finally, in order to have effective modules or curricula of innovation education, we need a system
of assessment that is conceptually sound and technically reliable in gauging the effectiveness of
educational interventions. In the past assessment of creativity was plagued by the confusion sur-
rounding how to define creativity. Some researchers adhere to product-based criteria (Csikszent-
mihalyi, 1996) and others advocate use of person-centered criteria (Runco, 2010). Fortunately, the
field has come to realize that creativity and its practical incarnation, innovation, can take many
forms and shades. Indeed it is meaningful to talk about different magnitude and degrees of creativity
(Beghetto & Kaufman, 2010). Furthermore, in the spirit of naturalizing creativity, it is no longer
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tenable to treat creativity as a personal characteristic; rather, whether social and pedagogical condi-
tions are conducive to creative thinking and expression of creative agency should also be assessed.

In developing such an assessment system for creativity-innovation enhancement, several con-
ceptual issues need to be considered. First, the age-old person-process-product distinction should
be honored. The focus on creativity enhancement can be personal qualities (based on dispositions
and characteristics; see Runco, 2010), optimal conditions and processes (based on some critical
aspects of the creative process; see Treffinger & Isaksen, 2005), and product qualities (based on
professional standards; see Amabile, 1982). Second, the competence-performance distinction is also
relevant to creativity enhancement. According to Vygotsky (1978), performance before competence is a
developmental trajectory that needs to be captured in assessment; namely, initial fledgling perform-
ance may not show the kind of sophistication desired but may reflect a burgeoning creative talent
nevertheless. Third, an assessment system needs to distinguish domain-specific and domain-general
characteristics. Personal attributes can be domain-general (e.g., broad interests, polymaths, propen-
sity for risk-taking), but creative products (innovations) are always domain-specific. If the main
goal is to improve products, domain-specific criteria are more important. If, on the other hand, the
purpose is to arouse the creative spirit and create an ethos of exploring knowledge frontiers (e.g.,
building a knowledge creation community; Scardamalia & Bereiter, 2006), then an exclusive
product focus in assessment may be inappropriate. In general, a trajectory of increasing difterentia-
tion (i.e., becoming more domain-specific, more fine-tuned to task requirements and criteria) can
be followed, whereby strengths and interests become increasingly focused, and technical profi-
ciency and the value of the novelty in thinking and products more manifest. The logic is the same
as the one used by Beghetto and Kaufman (2010), who argued that big-C (i.e., transformative crea-
tivity) always evolves from little-c (everyday creativity; Richards, 2007) and mini-c (informal,
interpretive creativity), and there are many levels and degrees in-between (e.g., pro-c, standing for
professional creativity, which characterize most of scholarly, artistic, and practical innovations). As
big-C is rare and often beyond what is “‘educable,” the assessment for creative enhance may target
pro-c (professional creativity).

Technically, creativity and innovation is likely multidimensional, rather than psychometrically
unitary. The traditional method of indexing creativity or creative potential using a single number
might have to give place to a more complex analysis of performance and behavior, similar to cogni-
tive diagnostic assessment (Leighton & Gierl, 2007). Modeling adaptive expertise in problem
solving and reasoning provides a good benchmark for such diagnosis (Shute & Kim, 2012). When
dynamic problem solving is assessed, non-obtrusive methods need to be used. Shute (2011) uses
stealth assessment in computer game play situations, an assessment innovation that is potentially
capable of capturing “teachable moments” than otherwise possible (see also Gee & Shaffer, 2010).
Measurement of creative potential and even “creative giftedness” may rely on an appropriate assess-
ment of the product, but understanding of how it comes about will rely fundamentally on investi-
gating the underlying process. The primary goal of developing such an assessment system for
innovation education is to assess and access creativity in person, process, and product (Feldhusen &
Goh, 1995) so that the workforce we produce is capable of self-direction and innovative work in
a knowledge economy. For gifted education, such a system would help identify (and sometimes
select) high creative potential through their authentic performance for further advancement. The
traditional notion of identifying the “creatively gifted” once and for all should be put to rest. There
is no litmus test or shortcut for assessment, as creative potential evolves and changes, and indeed
even dwindles if not nourished.
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Summary and conclusion

In this chapter, I delineate the historical and theoretical connections between gifted education and
innovation education. The changing focus since the 1950s, from personal attributes to cognitive
and motivational processes to social dynamics, provides rich heuristics as to how human creative
potential can be harnessed and nurtured. It is clear that person, process, content, and context are all
important elements to reckon with in the equation of innovation education. What is worth noting
is an increasing realization that creativity is a result of the natural human tendency to seek truth,
optimality, and variation. Scholars and researchers in gifted education clearly have contributed
many practical ideas as to how we can cultivate this creative potential through education. Current
thinking puts more emphasis on personal creativity (little ¢) rather than epoch-making creativity
(big C). This focus is appropriate for education, whose main charge is to lay a good foundation for
talented students so as to increase the likelihood of creative productivity in their adulthood. For
that purpose, I suggest four educational imperatives on curriculum, pedagogy, capacity building,
and assessment, respectively, which can put creativity and innovation back to the educational land-
scape as a priority. In an age of accountability, how well a school protects and nurtures students’
creative potential should be a main criterion for judging its efficacy, as the vitality of the new gen-
eration is at stake.
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