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Sometime in the second half of the 20th century, “teach them to think” became “teach them thinking skills.”  Correspondingly, knowledge became no longer an inseparable part of ability to think but only material for thinking skills to work upon. Empirical claims for the existence and teachability of “higher-order skills” are weak and confuse skills with abilities. These weaknesses persist in current movements to teach “21st century skills.” With a richer conception of knowledge, much of what pass for higher-order skills may be seen as constituting deeper knowledge of a subject. This paper argues that the complex of 21st century educational needs is better treated as a problem of socializing students into a knowledge-creating society than as an itemizable list of learning objectives.

Students must be prepared for a rapidly changing world, that much is clear. But what does this mean when translated into pursuable educational goals? One thing it has meant is a rising emphasis on personal attributes—such as skills, attitudes, and values—and a declining emphasis on knowledge, which is believed by some to be rapidly obsolescent and is anyway associated with traditional education, the passing on of old knowledge. Although knowledge continues to figure in official standards and curriculum guidelines for schools, the distinctive new thrust is toward so-called “21st century skills.” As promoted by the Partnership for 21st Century Skills and other groups (Johnson 2009), these comprise familiar thinking skills—critical and creative thinking and problem solving—along with skills in computer use, lifelong learning, collaboration, and communication. Our concern in this paper is not with the particulars of skill identification and definition; it is concern about the wisdom of approaching 21st century educational needs by the skills route. We begin by deconstructing the concept of 21st century skills and then proposing an alternative. The argument proceeds along the following lines:

1. The concept of “21st century skills” rests on a separation between knowledge and the ability to apply and operate on that knowledge.

2. The separation of knowledge-related skills from knowledge is a relatively recent occurrence and has no secure theoretical or scientific basis. 

3. Nevertheless, the educational needs expressed in calls for teaching “21st century skills” warrant attention at all school levels. There are important cultural changes taking place that call for an educational response. 

4. With a sufficiently rich conception of knowledge, many “higher-order” skills can be seen as constituting knowledge of a subject.

5. The scope for “21st century skills” is further reduced by recognizing habits of mind as a distinct kind of educational objective.

6. After accounting for rich subject-matter knowledge and habits of mind, some generic skills remain, all of which are closely tied to conceptual understanding.

7. The complex of 21st century educational needs is better treated as a problem of socialization rather than as an itemized list of learning objectives—socialization comparable to that involved in entering a profession such as law or medicine but broader in scope. It is socialization into a knowledge-creating civilization. 

Background: How Did Thinking Skills Get Separated From Knowledge?

 “21st century skills” can be recognized as an updated version of “higher-order skills” or “thinking skills,” which have held at least a nominal place among educational objectives for decades. Calls for teaching students to think date from much farther back (some have traced them as far back as Plato), and they have frequently come not from trend-followers but from proponents of traditional liberal education. But the older advocates of teaching students to think did not treat thinking as a matter of skill distinct from knowledge. A statement appearing frequently on the Web and attributed to Bertrand Russell (but without identifying a source) expresses the more classical view:

When you want to teach children to think, you begin by treating them seriously when they are little, giving them responsibilities, talking to them candidly, providing privacy and solitude for them, and making them readers and thinkers of significant thoughts from the beginning. That's if you want to teach them to think.

There is no mention of skill here. Instead, teaching children to think is treated broadly as a sort of character development: helping children develop into thinking persons. Knowledge, acquired through the reading of “significant thoughts,” plays an important part. 

Even more explicit on the intimate connection between content and process was A. N. Whitehead, who wrote:

Nobody can be a good reasoner unless by constant practice he has realized the importance of getting hold of the big ideas and of hanging on to them like grim death. (1929, p. 91) 

Some time in the second half of the 20th century, “teach them to think” became “teach them thinking skills.” The rise of behaviorism and the emphasis on behavioral objectives may have encouraged the shift to treating thinking as a set of skills, although thinking skills have never leant themselves well to behavioral objectification. But the signal event in mid-century pedagogical thought in America was the publication of what came to be known as Bloom’s Taxonomy (Bloom 1956). The Taxonomy proposed a hierarchy of educational objectives, with Knowledge occupying the lowest level. Ranged in ascending order above it were Comprehension, Application, Analysis, Synthesis, and Evaluation. To judge by what had gone before and what has come after, this hierarchy marks the birth of “higher-order thinking skills,” the separation of process from content, and the subsequent devaluing of knowledge. 

In 2001 a major revision of Bloom’s Taxonomy appeared (Anderson and Krathwohl 2001). Although it modernized the original taxonomy in several ways, its overall effect is to further separate skills from knowledge. Whereas the original taxonomy posited a one-dimensional ladder of skills and abilities, with Knowledge occupying one of the rungs, the revised version offers a two-dimensional array, with Knowledge as one of the dimensions, perpendicular to the skills dimension. Thus the separation of skills from knowledge, which was equivocal in the original Taxonomy, becomes clear-cut in the 2001 version. As we will try to show, this is not progress.

Infusion Confusion

The 1970s saw a wave of thinking skills programs that were essentially content-free or content-irrelevant. Strategy instruction and practice were their main ingredients. During the 1980s, however, the emphasis began to shift toward integrating or “infusing” thinking skills development into subject-matter courses (Swartz 1987). Although content-free thinking skills instruction is still to be found, especially in computer software, the mainstream educational literature is now solidly on the side of doing the skill teaching within regular school subjects. 

From this it might appear that process and content have come back together, but that is an illusion. The concept of infusion is so imprecise that it can accommodate approaches that are worlds apart in how they treat knowledge and thinking skills. On one side are approaches that aim to teach school subjects in ways that maximally engage students’ thought processes (L. B. Resnick and Klopfer 1989). Normally this would just be called good teaching. Although commendable, it has little to mark it as “21st century.” On the opposite side are approaches that use content primarily as a vehicle for skill learning. (See, for instance, Swartz 1995). They do not so much bring knowledge and skill together as trivialize knowledge in the interest of skill development. In its most lethal form, infusion means having a checklist of skills and ensuring that every curriculum topic includes activities targeting each of the skills. Carried to extreme, this virtually guarantees disjointed teaching of ill-chosen subject matter. Arguably, it would be better to “uninfuse” the thinking skills. Devote an hour or two a week to thinking skill activities (there are plenty of harmless and entertaining resources for this), leaving the rest of the week for uncluttered teaching for understanding.

Not All Abilities are Skills

No one is likely to deny that creativity, problem-solving ability, critical thinking, effective oral communication, and ability to collaborate are good qualities to possess. But it does not follow that these attributes are skills. There are many human qualities besides skills that may be conditioned by experience: for instance, virtues, attitudes and values, traits of personality, aptitudes, and habits. Educational design has been influenced, however, by a confusion of skills with abilities. This confusion promotes the illusion that there is scientific evidence for the existence of broad-spectrum intellectual skills of the kind that “21st century skills” programs intend to teach. That there are individual differences in thinking abilities is well established. But not all abilities are skills. The authors of the original Taxonomy recognized that there was an ontological issue here, but they elected to dodge it (Bloom 1956, pp. 38-39).  Put simply, skills are the subset of abilities that are to a substantial degree learnable and improvable through practice. Claims that such skills exist require more than evidence of individual differences; they require evidence of learnability, teachability, and transfer of learning.

The distinction between skills and abilities becomes complicated, however, by the extraordinary capacity of human beings to acquire skills, to develop expertise. As a rough generalization, we can say that if you keep repeating any task you will keep getting better at it (Newell and Rosenbloom 1981). Even such an apparently hard-wired ability as memory can be affected by training. The most dramatic demonstration of this has been huge increases in digit span (repeating back strings of digits) stretching the normal limit of around 7 digits to as high as 80 (Ericsson and Chase 1982). Although usually less dramatic in its effects, skill learning pervades all our purposeful activity. Doesn’t this, then, vindicate an emphasis on training higher-order thinking skills?

Unfortunately for the 21st century skills movement, there is a downside to the skill-learning story. The skill developed through training and practice on a task keeps getting more specific to the task. The digit-span prodigy not only did not show any general improvement in memory but did not even show improvement in letter span—the same memory task but using letters of the alphabet instead of numbers. Skill learning cannot be relied upon improve the brain in any fundamental way, which it would have to do in order for the 21st century skills movement to succeed. Instead, it results in acquiring strategies—sometimes conscious, sometimes not, sometimes at a neuromuscular rather than a cognitive level—that become increasingly specialized to repetitive aspects of the task. Problem solving instruction can improve performance, but it generalizes so little beyond the kinds of problems used in instruction that experts have shifted to teaching domain-specific skills (Mayer and Wittrock 2006). But the question then becomes, what are the domain-specific thinking skills good for? Where, outside of school, does one ever encounter those peculiar entities known as mathematical word problems? Similarly, creativity training may show gains on a test calling for listing novel uses for a brick or a coat hanger. By a stretch one might claim that this sort of idea generation does occur in real-life creative work; but where in real life does the number of ideas one can generate constitute a measure of one’s contribution to a creative product—to an invention, theory, plan, or problem solution? This is not to deny that, as test items, arithmetic word problems and listing uses for a brick may have value as indicators of more general abilities, but it is to question whether teaching students how to do better on such tasks is of any real-life value. 

There are general abilities, but they are not skills. “Aptitude” is a word often used for general abilities that constitute a person’s readiness or capacity to acquire and develop a certain class of skills. To say that someone has exceptional athletic ability is not to say that they are good at golf, for instance, but it is to predict that if they took up golf they would learn it readily and would eventually become better than average at it. Aptitude, it would seem, is really what employers are looking for when they urge an educational emphasis on 21st century skills.  They do not expect the schools to train people for the particular jobs they will enter. Specific job skills are learned on the job or in company training programs. What the employers want are people whose on-the-job learning will be quick and successful. To that end, they call on the schools to teach learning skills and thinking skills. The employers’ need is real and understandable, but their prescription is grounded in the naïve confusion of abilities with skills.

The argument thus far might suggest that all we need do is strike out the word “skills” and replace it with “aptitudes,” so that the educational goal becomes teaching  “21st century aptitudes.” This is no mere relabeling, however; it immediately raises doubts as to whether the goal is attainable.  Those doubts are well justified. Increasing an aptitude is a much more complex undertaking than teaching a skill. Whether it can be done at all is uncertain, but if it can it will surely depend on a very broadly based program of human development, which may include different kinds of skill development, but only as a part.

Brain Training

Teaching thinking skills should not be confused with brain training and general mental stimulation. Whereas thinking skills instruction is concerned with cognitive strategies and with practice on activities believed to have some resemblance to real-life thinking, brain training targets specific cerebral functions, most notably short-term or working memory. Exercises effective in brain training are the product of both brain research and training research. The relevance of individual differences in working memory capacity has been known for decades and there have been efforts to improve working memory, using practice on tasks similar to those used in testing it—for instance, practice on reverse digit span, repeating back strings of numbers in the reverse of the order in which they are presented (e.g., xx). These efforts met with little or no success (except on the same tests used in training), but striking results have been reported recently using tasks that are more motivating, that provide finer control, and that include both memory load and time pressure.  Whereas thinking skills are expected to transfer to relevant real-life activities, brain training is not expected to “transfer” in the usual sense but rather to boost fundamental brain capabilities.  More general kinds of mental stimulation through games, puzzles, and the like have attracted attention as possibly helping to forestall mental decline in old age, but their applicability within education is doubtful. If contrived mental stimulation were needed for school students this would indicate something gravely wrong in the school program. Scientifically grounded brain training is new enough and controversial enough that its eventual role, if any, in normal human development cannot be confidently predicted. The important point in the present discussion is that, far from being a vindication of teaching thinking skills, brain training represents an alternative that may some day relegate most of thinking skills teaching to the scrap heap.

Needed: A Richer Conception of Knowledge

The authors of Bloom’s Taxonomy suggested that we think of knowledge as the contents of a filing cabinet and the higher-order skills as constituting our ability to make use of the filing cabinet’s contents. But only in extreme and essentially trivial cases can the Taxonomy’s higher-order ability, Comprehension (or in the revised version, Understand), be separated from the lowly category now labeled Remember. As we move to more complex knowledge, other supposed higher-order abilities become part of the knowledge itself rather than skills applied to the knowledge. Consider the following, which are on every 21st century skill list:

Critical thinking: On any controversial issue, large or small, it is fair to ask: If you fully understand the opposing sides, is there anything left that calls for some kind of critical thinking skill? We don’t mean critical thinking disposition—that is a habit of mind or a virtue that deserves serious attention. But skill?

Problem solving: Research on mathematical problem solving shows that teaching students problem solving strategies improves performance on this task—although, as already noted, it does not transfer to other kinds of problem solving (Mayer and Wittrock 2006). There is no evidence, however, that students actually use the taught strategies except on demand. The first strategy is always understand the problem. Studies comparing expert and novice problem solvers show that they differ mainly on this point. Experts invest effort in understanding the problem and connecting it to their knowledge whereas novices tend to plunge in blindly. Investing in problem analysis isn’t a strategy, it’s a habit of mind. The most likely explanation of the effects of problem solving instruction is that it gets students to think more about what they are trying to solve and bring their knowledge of the domain to bear on the problem.

Creativity: The theory of evolution by natural selection was independently invented by the two people in the world—Darwin and Wallace—who had the most (and very similar) relevant knowledge (Quammen 1996). In many other examples, once we take full account of the knowledge involved, the scope for creativity as a distinct trait is considerably reduced (Weisberg 1999). It is not eliminated, however. The challenge of educating people to work creatively with knowledge is a top-level challenge for 21st century education, and one we discuss further in the next section.

In summary, a separation between knowledge and skill makes sense only with an extremely restricted conception of knowledge. As knowledge becomes more complex, skills become inseparable from the knowledge itself. At the behavioral level, there is no such thing as thinking unaffected by knowledge. In psychometrics the long effort to discover ways to separate mental abilities from what people know has come up with two partially successful methods: use psychophysical measures such as reaction time and brain scans or else just use common factors, which amount to averages of performance on a variety of tasks that connect to different knowledge. Although these solutions have value for measuring individual differences, they are otherwise lacking in educational utility. 

Over and above efforts to adapt education to 21st century needs should be an effort to design educational programs that close the breach between knowledge goals and skill goals. Instead of treating skills and subject matter knowledge as distinct objectives, the challenge for curriculum developers should be to foster knowledge that is of maximum value in thinking. It is encouraging to see the Partnership for 21st Century Skills moving in this direction (cf. xx).The main application of disciplinary knowledge is in acquiring further knowledge. Accordingly a principal ingredient in “learning to learn” is developing a large and coherent knowledge base. This, in essence, was the breakthrough discovery of a decade of research on reading comprehension (Anderson and Pearson 1984). It has not suddenly become irrelevant in the 21st century. 

Creativity

The most noticeable change to Bloom’s Taxonomy in a revised edition is the addition of Creativity to the hierarchy of abilities (Anderson and Krathwohl 2001). If knowledge creation is the defining work of the 21st century, then creativity—as a talent, skill, personality trait, or however one chooses to categorize it—would seem to deserve a top position among educational priorities. It is already highly prized. However, everything we say and do is in some degree creative, and so what needs to be understood and fostered is creativity that produces significant results—known in the literature as “big C creativity” (Piirto 2004).

Two factors divert schools from fostering “big C creativity.” One is a tendency, especially strong in elementary schools, to equate creativity with creative writing. Although literary writing represents one important kind of creative activity, in the adult world the creativity that produces significant results is predominately creativity in work with ideas. The other factor is the tendency, common in adult creativity workshops as well as in schools, to focus on the singular bright idea. In real world enterprises (and in lively classrooms, too) there is usually an abundance of bright ideas. The challenge is to develop them into something significant, and this requires sustained creativity over periods of weeks, months, and sometimes years. Educational timetables seldom allow for sustained creativity; in fact, curriculum guidelines and course outlines seem not to acknowledge that such a thing even exists.

One seldom hears creative people talk about trying to be creative. Their efforts are directed toward solving a certain problem, pursuing a certain hunch or idea, producing a certain invention or result. Taking a cue from this fact, we suggest that schools would probably be better off forgetting about creativity altogether—except for celebrating it when it appears. If you undertake a complex task that has a considerable risk of failure, and if you succeed, you will necessarily have done something creative. Even if you fail, you may have produced a brilliant (i.e., creative) failure. Little would be lost and much might be gained if schools simply abandoned any notion of teaching creativity and focused instead on engaging students in authentic pursuits, such as solving problems of understanding, that are by their very nature creative.

Technology Skills

Every 21st century skill list gives a prominent place to computer and digital media skills. During the 1980s and early 90s, “knowing how to use a computer” denoted a fairly limited and coherent body of know-how, which even many university students lacked but which increasing numbers of jobs required. Today, however, it is making less and less sense to identify skill in the use of computers and other digital technology as an educational goal in its own right. Aside from a few basics, what you need to learn that involves technology is inseparable from what you learn through using it in any up-to-date school course. This is one place where “infusion” makes good sense. Nothing so much signals the backwardness of a school as its continued use of activities designed for the purpose of teaching computer skills. 

The same applies to another favorite of 21st century skill lists, information search skills. Knowledge, like automobile parts, say search skill enthusiasts, should not be stored against uncertain future needs but should be obtained just at the time it is needed. Ready access to the Web makes this possible. Part of the argument for “just in time” knowledge acquisition is that knowledge goes out of date very rapidly, so that what is stored is likely to prove useless by the time it is needed. But are there teachable generic information search skills that will empower one regardless of the kind of information being sought or the reason for which it is being sought? There is some strategic knowledge involved in Web searches, enough to occupy a few hours of instructional time. Beyond that, successful information search depends on knowledge of the domain you are searching. If you are venturing into a domain about which you know little, your first searches ought to be aimed at acquiring the terms that will enable you to make a more pointed search. Developing students’ sophistication in information search needs to start by reshaping classroom inquiry. The traditional school “project” or research paper, which requires gathering information limited only by a particular topic, provides virtually no experience in problem-driven search.

Web search technology is advancing to the point where solving a problem of explanation is not so much a matter of finding the right information as understanding it once you get it. In pre-Worldwide Web days some elementary school students in a “Community of Learners” classroom brought up the question of whether mosquitoes could transmit AIDS (Brown & Campione, 1994). They were unable to find an answer in books, and even a call to an AIDS hotline failed to yield a satisfactory answer. Ten years later researchers on the CSILE/Knowledge Building project posed the same question to grade 6 students who were experienced in using the Web to build explanatory theories. Within 20 minutes each of them had found a Web page that dealt with the question, but it took some crafty searching—adding the word “malaria” or “needle” to the search string, for instance. Now if you simply type into Google the question, “Can mosquitoes transmit AIDS?” you will immediately get a page full of links to documents directly addressing that question. Prominent in the search results are sites that provide authoritative answers readily comprehensible to middle school students. But another question, raised by elementary students in a different setting, was not so readily answered: Why are the colors in a rainbow always in the same order? Entering that question into Google also yields pages addressing the question. The problems start with trying to make heads or tails of the information. Most of the information provided is either insufficient or too mathematical to be understood by young students, and some of it is just wrong. Yet we have seen grade 4 students wrestle with this imperfect information and put together an explanation that was better than many of the supposedly authoritative web sites provided (Bereiter & Scardamalia 2010). Skill in using technology was only marginally relevant here. What did count was skill in constructing a coherent explanation out of bits and pieces—a vital and learnable skill that gets no attention from 21st century skills enthusiasts.

Short-Circuiting the Identification of 21st Century Educational Needs

The movement to test and teach 21st century skills has been mainly driven and funded by big businesses. There is nothing intrinsically wrong with this, but it has led to an unfortunate result. Even if we allow that business executives know what their personnel needs are, it does not follow that they know how the schools should address them. When you are ill, you may know what hurts but this does not qualify you to diagnose or prescribe treatment of your ailment. The felt needs of personnel managers have been converted directly into educational objectives without any deeper consideration of societal needs and human capabilities.   

Beyond political objections that may be raised about the heavy involvement of the corporate sector in identifying 21st century education needs, the whole centralized mindset warrants criticism. Is any group of stakeholders, no matter how representative of the public interest, qualified to sit around a table and define skill objectives for 21st century education? Shouldn’t there be room for discovery, based on what young people are able to accomplish under favorable conditions (Scardamalia, et al. 2011)? Shouldn’t we be looking for emergent opportunities and potentialities as well as perceived needs? The 21st century skills literature provides little evidence that much analysis of present and predicted cultural conditions has taken place. The vision of the future that appears in this literature is a familiar one: rapid change, globalization, need for continual innovation, and so on. This vision, even if it is correct as far as it goes, does not translate into educational objectives, except at a bumper-sticker level.

If we back off just a few steps from the exigencies of international competition and the technological juggernaut, three cultural changes become evident that have major implications for education: 

1. Press for knowledge creation. In the private sector this is experienced as pressure for constant innovation—not only in products but also in manufacturing and business practices. But the demand for new knowledge extends far beyond the economic sphere. In The Ingenuity Gap and subsequent publications, Homer-Dixon (2001, 2006) has documented the shortage of usable knowledge and ideas for addressing the gravest problems facing contemporary societies.  Each new crisis generates a demand for new knowledge on the basis of which solutions will be sought. This was not always true and is not true now in societies dominated by tradition or orthodoxy. But in modern societies there are only a few areas (mainly politics, education, and religion) in which existing knowledge is assumed adequate for dealing with new problems. At the least, education ought to be helping people understand and recognize needs for knowledge creation.

2. Abstractness. More and more of the world’s work is mediated through information technology that puts the worker at one or more removes from the concrete reality the work is supposed to affect. Whereas at one time diagnosing car engine problems depended on opening the hood and interacting directly with the engine, it is now mostly a matter of interacting with computer read-outs. Work with abstract representations permeates all kinds of occupations and daily life. The dangers of losing hold of concrete reality have long been recognized in education (cf. Judd 1925). 21st century students need to be able to move intelligently between dealing with abstractions and dealing with the concrete realities to which those abstractions relate.

3. Complexity. Homer-Dixon (2001, 2006) has made the case that complexity itself is becoming a formidable barrier to solving the world’s most serious problems. There is both a material increase in the complexity of the interactions composing a problem and an increase in the complexity of the knowledge that bears on it; in practice they come to the same thing, difficulty in marshaling sufficient “ingenuity” (in Homer-Dixon’s terms) to solve the problem. This is true of the whole range of problems from global warming and international conflict to deciding what to eat and whether to send one’s toddler to day care. We may put it as axiomatic that any educational approach to 21st century needs is inadequate if it fails to deal with the understanding and management of complexity.

21st century skill lists fall short on all three of these counts. They do not bear in any direct way on knowledge creation as a personal or societal value. (Calling for the teaching of creativity is a feeble and quite likely futile response to the need for knowledge creation.) Ability to deal with abstract representations is ignored, except perhaps as a media skill—despite the fact that it is central to modern mathematics instruction, especially under the rubric of mathematical modeling. As for addressing the increasing complexity of problems, complexity is just beginning to make it into the discourse on 21st century skills. 

We would not claim that the preceding characterization of 21st century educational needs is definitive. There is merit in claims that various humane values and understandings are more important. But these ought not to be in competition with the needs we have indicated. The three needs, however, do point to educational efforts that will compete for time and mindshare with a 21st century skills agenda.   In the following sections we will examine each of these three needs broadly before converging on the overriding educational question: What would it take to educate students for a world in which knowledge creation, abstractness, and complexity are pervasive characteristics of the cultural environment? 

The Emergence of a Knowledge-Creating Culture

That knowledge is increasing at a prodigious rate no one doubts. But apart from quantitative increase, what is new about knowledge creation? In some fashion it has been going on since the origin of the species. But not as work—not as something a person would undertake as a task. From the 19th century onward, however, we find people making a business, a career, or at least an avocation out of invention. Thomas Edison was only the most famous of these. His “invention factory” demonstrated the possibility of making invention an industry in its own right (Pretzer 2002). We now find Edison’s “invention factory” replicated in research laboratories that regularly turn out theoretical or practical advances and in the many companies that depend for their survival on a continual flow of innovations.

In this knowledge-producing milieu, it was inevitable that purely conceptual entities such as theories, conjectures, problem formulations, proofs, and—ultimately—facts should come to be thought of as inventions. This is where a new epistemology enters the scene. It is a design-based epistemology, where the goal is not ultimate attainment of truth or certainty but rather continual improvement over the ideas that have gone before. Engineers do not aim at the perfect computer, for the simple reason that each major advance in computer design opens up new possibilities. It is the same with theoretical advances. Grasping this design-based, progressive epistemology is essential not only for anyone who wants to be a contributor in some area of knowledge creation but also for citizens who must make judgments about the value and use of such knowledge creation. 

Unfortunately, design-based epistemology is almost as foreign to education as it was in Plato’s day. Whether subject matter is presented dogmatically or with the utmost openness to skepticism and debate, knowledge is dealt with almost exclusively in what we call “belief mode” (Bereiter and Scardamalia 2003 2006). The over-arching question is “What shall we believe?”  When science is dealt with in this way, it becomes a matter of obtaining evidence to support or refute particular beliefs or hypotheses.  Important as the belief question is in many contexts, in the world of knowledge creation, invention, and knowledge work, it is trumped by the question, “What is this idea (theory, design, problem formulation, et cetera) good for?” We must emphasize that being “good for” something does not mean an idea must have practical or economic application. Some of the most important ideas in the history of ideas were mainly useful for explaining what was previously inexplicable, providing a foundation for further advances in knowledge, and serving as multipurpose tools for thought. It is precisely that kind of usefulness that ought to be the criterion for selecting concepts to be included in school curricula. Natural selection is a prime example of such a concept. It has very little practical application in most people’s lives, but it makes sense of large swaths of information, including new information emerging from gene research, and it is a powerful tool for theorizing in such areas as learning, creativity, and culture (Dennett 1995). (Like any powerful tool, it can also be misused.) Schools and textbooks that avoid teaching the concept of natural selection in its full flower (to avoid censure from religious fundamentalists) are depriving students of far more than a scientific explanation of biological diversity.

Even if only a minority of students go on to careers as knowledge creators, it can be argued that all citizens need “epistemological literacy” or, to use a less intimidating term, “knowledge literacy.” It includes an understanding of how inventions and knowledge advances are achieved (Chuy, et al., 2010 ), as well as knowledge relevant in belief mode—knowledge of common fallacies and propaganda techniques, epistemological vocabulary, and other elements of “philosophy for children” (Lipman 1988). It is an essential part of informed citizenship. Knowledge literacy is never sufficient. You always need substantive knowledge applicable to the task at hand. But how you will use that knowledge is bound to be affected by your grasp of the nature and dynamics of knowledge production.

Abstraction and the Concretizing of the Abstract

What we said previously about abstract representations separating people from concrete reality might be accepted by computer scientists as true for the present, but they could point to intense efforts on many fronts to overcome this separation. Work on 3-D tools and virtual reality strives to make action within a virtual environment functionally and perceptually as similar as possible to action in the physical environment. In terms of human factors, the goal of all this work is to enable people to apply their innate or acquired abilities for action in the physical environment to action in a digital environment.

Does this, then, nullify our previous claims about the 21st century need for ability to negotiate between abstract representations and physical reality? We would suggest, rather, that what it does is reduce skill requirements and thereby enable us to work more freely with knowledge and ideas. Computer simulations and modeling tools have the potential of enabling students to work more directly with ideas than they could when limited to the representational affordances of language, drawing, and laboratory set-ups. The danger, which is heightened by the increasing realism of simulations, is that students will not realize they are in fact dealing with abstractions. A simulation that enables students to experiment with Newton’s laws does not embody the complexities of the real world, it embodies a theory about the real world. Even simulations involving unrealistic theories may be useful as vehicles for learning, but not if students treat the simulation as the real thing. Continual negotiation between abstractions and concrete fact ought to be the rule. It is the kind of interaction that makes knowledge creation a progressive enterprise. 

Complexity

That tomorrow’s citizens will have to deal with a heightened level of complexity is already a platitude. It draws approving nods but no action. Meanwhile, today’s citizens are flocking to religions and ideologies that offer them monumentally simplified representations of the world. But what can education do to help people deal with complexity? A number of educational researchers are addressing this question. It can be addressed at three different levels, which, although interdependent, pose different problems:

1. Understanding complexity and complex systems. A grounding in complexity science is becoming almost as fundamental as mathematics in pursuing advanced work in any research field and, arguably, is essential even for a modest level of scientific literacy. 

2. Systems thinking. Although often applied loosely, the term means applying complex systems concepts to real-life problems. If one were seriously to itemize thinking skills of special significance for life in the 21st century, this would surely head the list.

3. Making intelligent decisions in the face of complexity. Walking away from problems because they are seen to be forbiddingly complex is not usually the best option. Herbert Simon (1957), in his Nobel-prize winning work on decision making, was the first to take systematic account of limitations of human cognitive capacity that make classically rational decisions unachievable with even moderately complex problems. Much of the advice one finds on dealing with complexity simply ignores cognitive capacity limitations, thus failing to address the complexity of the problem of dealing with complexity.

Systems thinking has begun to appear in lists of 21st century skills, but only as a skill, and without much indication of how it might be fostered or tested. Systems thinking requires systems concepts. These, however, are proving hard to teach (Charles and d’Apollonia 2004). Beyond familiarizing students with the concepts—often through the use of simulations or microworlds (M. Reznick 1994)—advice on teaching systems thinking tends to trail off into platitudes. If students are really to learn how to deal with complexity, the most obvious course would be to embed the concepts in a massive program of socialization: Get students used to dealing with complexity by surrounding them with it and making dealing with it a natural and pervasive part of their school lives. This would represent a major change in school programs. It goes against the pedagogical virtue of simplifying things to make them easier for students to grasp. However, it exemplifies the kind of change that needs to be considered by school systems serious about adapting to distinctive 21st century needs.

Generic Skills: Practical and Self-Regulative

Generic skills are skills that apply across a wide range of situations and activities. Although all skills may have some generalizability, skills called “generic” are supposed to have a lot. The prime examples of generic skills are the traditional basics: reading, writing, and arithmetic. So-called “21st century” skills are all supposed to be generic. Otherwise it would make no sense to devise a list of them and to promote them as goals of general education. But what does it take for a skill to be generic, and what skills qualify? There is nothing inherently generic about practical skills. Practical skills are generic to the extent that constancies in the real world make them so. The traditional basic skills are generic because of widespread use of the same writing system and near universal use of the same number system. In the following discussion we will distinguish between practical skills, which involve action upon the external environment, and self-regulative skills, which involve action upon one’s own behavior. 21st century skill models recognize both kinds, but generally fail to recognize how different they are.

Practical Skills

Social, communication, and digital media skills all have generic aspects, although with recognizable limitations, and all are teachable—again with limitations. They are generic to the extent that the same social forms and language practices work in different situations and that the same digital devices—computers, cell phones, and the like—are put to diverse uses. One kind of social competence that gets special mention in 21st century skill lists is ability to collaborate. But in what sense is this a skill? There is willingness to collaborate, but that is a matter of attitude or preference. Then there is the interpersonal bonding that makes a group cohesive. Collaborative projects have become common in schools, especially projects that make use of computer-based media. But what, other than a general positive feeling toward collaboration, is expected to be learned that will transfer to other situations? In many projects students individually collect information on a designated topic and then get together to compile it into some joint publication or performance. The actual collaboration, then, is in media production (today’s version of creative writing).  Collaboration in genuine knowledge creation could be a substantial way that schools contribute to educating young people for a world in which such collaboration is becoming increasingly vital. The changes this would entail will be discussed in the final section of this paper.

Self-Regulative Skills

Skills that apply to the external world are relatively easy to get our heads around. We can judge how generic they are by examining the range of situations in which they are useful. Knowledge that is required to go along with the skill in specific situations can be identified. And the value of instruction and practice can be tested. The situation with skills applied to our own cognition is much muddier, however. Any effort to identify generic thinking skills needs to reckon with a much more complicated picture of human cognition than was present in the 1950s,when the notion of higher-order skills first emerged. Here we can only name some of the concepts that have come to life since the 1950s and that have implications for any educator who would aspire to “teach them to think”: automaticity, dual process, cognitive strategies, schema theory, working memory limitations, central conceptual structures, tacit knowledge, episodic knowledge, case-based reasoning. It makes much less sense today than in did in 1956 to “think of knowledge as something filed or stored in the mind” (Bloom 1956, 29). At the neural level, knowledge and skills are both processes (Thagard, in press).
Habits of Mind

You can have a skill and neglect to use it. For that reason, “higher-order skills” advocates have argued for coupling thinking skill development with developing habits of mind that bring those skills into regular use. Some purported skills, however, may in fact be nothing more than habits of mind. Critical thinking, we have already suggested, is more a habit than a skill. Essentially, it means turning the reasoning abilities one already possesses on to beliefs one holds dear or beliefs that are not commonly questioned. Other habits of mind involve striving for some cognitive ideal: truthfulness, fairmindedness, evidentiality, logical consistency, clarity of expression, originality, and so on (Costa and Kallick 2000). “Mindfulness” is a broad-spectrum habit of mind that includes continually trying to understand and to deal with things rationally.

 Normally habits of mind are thought of as a complement to cognitive skills, but in practical and theoretical terms they may be an alternative. We have already suggested that the gains in solving mathematical word problems, which are usually attributed to teaching problem solving strategies, may actually arise from inducing a habit of mindfulness: think first, calculate later. This hypothesis remains to be tested—and it should be—but we would argue that habits of mind ought to be the default explanation. The burden of proof should be on those who claim there is more to it than that. This applies to all the cases in which gains appear as a result of skill teaching but are not demonstrated to result from students actually using the taught strategies. (See Bereiter and Bird 1985, where teaching of reading comprehension strategies produced a dramatic effect but thinking-aloud showed students used some of the strategies but not others.) 

Habits of mind raise obvious problems of teachability and transfer. The problems are ones schools already face in trying to develop socially desirable habits such as punctuality, civil speech, and even good posture. Developing habits intentionally is not easy, but school people generally recognize that the whole school experience needs to be organized to support it, that habits cannot be “taught” in the straightforward ways that concepts and basic skills can be taught. To the extent, however, that work on developing habits of mind can take the place of cognitive skill teaching, there would be a net gain in the quality and lifetime value of school experience.

Is Project-Based Learning the Answer?

Current efforts to address 21st century educational needs may be roughly categorized according to the decade whose thinking they reflect. There is a 1970s approach, with its emphasis on computers and training in isolated higher-order skills. There is a 1980s approach, whose watchword is “infusion”—inserting into the regular curriculum activities believed to teach higher-order skills. Then there is the 1990s approach, with its recognition that “It isn’t the technology, it’s how you use it.” The 1990s answer to how to use it is project-based learning. All three of these approaches are still in evidence, although the 1970s approach may be starting to fade away with improvements in school infrastructure and the retirement of educators whose formative years were lived without computers. Infusion and project-based learning, however, are still on the upswing and appear as the pedagogy of choice in practically everything we have seen about 21st century skills. 

Typical of the claims made for project-based learning is the following, appearing on many web sites (e.g., 4Teachers, n.d.): 

Project-based Learning allows teachers to create tasks whose complexity and openness mimic problems in the real world…. Projects that have depth, duration, and complexity will challenge students and motivate them towards construction of knowledge…. It provides learners the opportunity to have a voice in how and what they learn, while building intrinsic motivation towards problem-solving.

Exemplary learning projects will indeed have the characteristics described in this quotation. Where do they stand, however, with respect to the distinctive 21st century educational needs noted earlier: knowledge creation, abstractness, and complexity? This question can best be answered by looking at examples. Two popular and widely advocated projects are planning a trip to Mars and evaluating water purity in an actual stream. The first mimics and the second actually engages with a real world problem. Both have considerably more duration and complexity than conventional classroom units of study, and with suitable teacher guidance they can go into topics in some depth. In carrying out their projects, students may incidentally acquire a lot of worthwhile knowledge, but knowledge creation in the sense of inventing something or producing a theory is not part of the game. As regards complexity, project-based learning provides a way to circumvent it rather than confront it. For school children, planning a trip to Mars is not much more complex than planning a trip to Disneyland. A flowing stream is a highly complex ecosystem, but in a structured project investigating water quality students may get no glimpse of this complexity unless they are led to it by the teacher. Project-based learning is inherently better suited for breadth than depth of learning. Planning a trip to Mars can engage students with a great variety of knowledge about the solar system, space travel, rocketry, and human biology; doing an environmental assessment of a stream and its water purity can involve a good deal of biological and some chemical knowledge and perhaps information about industrial processes and government regulations as well. But in neither case do the “big ideas” in the relevant domains of knowledge become objects of inquiry or play more than a backstage role in the project activities. Big ideas, if they are touched on at all, are typically introduced by the teacher using traditional means. 

 The Possibility of a Genuine Knowledge-Creating Culture in the Classroom

Project-based learning could be up-graded to include more knowledge creation, more negotiation between abstract and concrete representations, and more coming to grips with systemic complexity. Instead of relying on “guided discovery” supplemented by conventional instruction, there could be projects in which big ideas themselves are made the objects of inquiry. Upgrading project-based learning in these ways would be a more radical transformation than it might appear, however. It would mean shifting it in the direction of Knowledge Building  (Scardamalia and Bereiter 2002, 2006), an approach in which knowledge creation in the fullest possible sense is the heart of classroom work. 

Not just individual projects but the whole of schooling can  be transformed so that it initiates students into a knowledge creating culture. We see it happening in a few schools, although it is exceedingly rare. Most people today, even in the most active knowledge-producing societies, live outside this culture. They interact with it, demanding a cure for this, a solution to that, and requiring that this year’s model of every product give at least the impression of an advance over last year’s. Yet studies show that most students have little inkling of how knowledge advances are achieved. To them, science is a matter of accumulating increasing numbers of facts through routines taught to them as “scientific method” (Carey and Smith 1993).  They may have some notion of scientific rigor, but they have no conception of fruitfulness as a vital characteristic of ideas (Brewer and Samarapungavan 1991). The public in general shows little appreciation of the value of doing research to understand a problem before venturing a solution.

More than anything else, Knowledge Building means enabling students to work with ideas in design mode, for that is the mode in which new knowledge is created. After more than 20 years of working with teachers to bring about this shift, we conclude that it is in fact quite easy for young students, though often difficult for teachers. An extensive literature documents students’ difficulties in separating hypothesis from evidence (reviewed in Duschl, Schweingruber, and Shouse 2007, 129-167), but this reveals the difficulties of operating in belief mode. When students are in design mode, trying to explain phenomena they really wonder about, even first-graders distinguish between facts and ideas produced to account for the facts. Over the course of their elementary school years they learn to compose their ideas into more coherent theories and to improve a theory by taking account of facts it fails to explain (Scardamalia and Bereiter 2006).

The case for Knowledge Building rests mainly on the fact that it, apparently alone among existing approaches, has students working continually with ideas in design mode. These ideas are primarily the aforementioned “big ideas” of the disciplines, because that is what formal education is or ought to be about. However, Knowledge Building is not necessarily limited to these and it is certainly not limited to bookish knowledge. Students design and carry out experiments to improve their theories and sometimes build apparatus to carry out the experiments—building a wind tunnel, for instance, to study flight. Engineering types of design work, as represented in “Constructionism” (Kafai 2006) and “Learning by Design” (Kolodner 2006) fit nicely into a knowledge building curriculum, and can be doubly useful if they become integrated with efforts at theory creation and improvement. Knowledge Building is not limited to science but is applicable in any subject where ideas can be objects of inquiry (Bereiter and Scardamalia, in press).

The vision toward which these suggestions are leading is the vision of a school in which virtually all the work is carried out in design mode. With reference to the three characteristics of 21st century life discussed earlier, a school devoted to knowledge building engages students all the time with knowledge creation; they learn to negotiate between abstraction and concrete reality through their continuing efforts to produce artifacts (material and conceptual) that work.  Complexity is not circumvented; efforts at idea improvement lead students naturally into greater complexity. 

More research is needed on issues such as the nature, extent, and value of student-created public knowledge, but it is research that should engage the whole education community. It is no exaggeration to say that the future of humanity depends on our ability to create knowledge. Pouring more resources into higher education and beyond can go only so far in meeting this need. The first 20 years of life cannot be relegated merely to preparation for knowledge creation. Youth has more potential than that. Youth is a time of life when knowledge creation comes naturally and when idea improvement is comprehensible and learnable as a habit of mind. Education for the 21st century ought to be framing its objectives within a view of young people as beginners in knowledge creation, moving toward expertise in some of the many ways that people can contribute to progress in a knowledge-creating culture. 
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� We have perhaps exaggerated the either-or choice between approaches. In one of the few well-researched approaches to thinking improvement, the HOTS program, aimed at low-achieving students (Pogrow 2005), skill training and games are used at the beginning for motivational purposes, to convince students they can succeed at thinking. Subsequently the program morphs into a thoughtful, dialogue-centered approach to substantive ideas.
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