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Chapter 9:  Molluscan Child

The imagery of mutability and struggle permeates Darwinian conception of evolution, which unites life’s many forms through the idea of descent with modification while simultaneously accounting for its variety of adaptations. Conceptualizing how a natural process of selection winnowing through unplanned variations among organisms produces novel and complex forms stands as a stunning intellectual achievement. Although this understanding has the potential to guide human interventions in the natural world from the scale of genomes to that of habitats, its entanglements with ideas about being human make its acceptance troublesome. Even the most ardent champion of this view of life, Charles Darwin, sought escape from its troubling indifference to human values by emphasizing its grandeur and by hypothesizing the natural origin of social virtues.


Evolutionary thought replaced a top-down world view with a bottom-up one. Life from life; novel forms from prior existing ones. Complexity as a consequence of natural interactions; direction an artifact of hindsight. Darwin’s triumph banished the operation of the mind of a Divine Being from the design of living forms in parallel with how Lyell’s geology had made the mutability of the earth explicable in terms of natural forces acting over immense spans of time. Scale mattered and scale made individual human lives seem insignificant.


This triumph of a bottom-up account of novelty and complexity, however, took hold in contexts other than the search for an explanation for the origin of species. Some viewed the process of selection acting on variation as a competitive principle that would inexorably lead toward progress and perfection. The potential to generalize this principle beyond the realm of organic life proved seductive. Among the social and political results of this seduction we count forced sterilization, eugenics, virulent forms of racism, social Darwinism, Nazism, and the misuse in general of arguments about superiority and inferiority based on inherited intelligence. Evolution provoked a revision of historical interpretation. It suggested that in the struggle among the various peoples of the world, the best adapted, the most advanced and perfected, would thrive and the backward cultures would quite rightly and naturally perish. Darwin said as much in reference to the demise of indigenous peoples he observed in South America, New Zealand, and Australia. Evolutionary imagery fueled European hubris.


Just as evolution borrowed ideas from political economics, social and educational theorists borrowed ideas from evolution. Ideas about social institutions proved productive metaphors for Darwinians and the imagery of evolution returned the favor. In particular, work by the economist Malthus on the potential for population to increase in geometric fashion and outstrip its resource base figured in Darwin’s idea of the struggle for existence. The Malthusian analysis in Darwin’s day served as a rationale for denying welfare to the poor and thus discouraging their breeding. In turn, Darwin’s conception of the struggle for existence and how it led to improved forms became justification for very ruthless competition in social and economic life as well as discriminatory policies toward immigrants.


As a universal principle explaining the progress of society, evolution rather quickly began to influence educational theorizing. Curriculum authors responded with ideas about the proper sequence of educational experiences intended to promote development of advanced stages of civilized conduct and thought. In part, to understand curriculum controversy at the beginning of the twenty-first century, we need to examine the influence of evolution on the minds of key educational thinkers at the dawn of the twentieth.


The work of John Dewey and Jean Piaget emerged early in the twentieth century and include unmistakable influences from the imagery of evolution. However, both transcended these influences and Dewey, in particular, attempted to reconcile evolutionary excess with progressive aims and the goal of educating citizens for democratic life. Piaget meticulously updated the conception of intelligence, arguing in effect that reason is a natural continuation of biological adaptation. Somewhere between Darwin and Dewey, between natural history and educational philosophy, we come to the misapplication and overgeneralization of a good idea.


The story begins with a very telling insight about the anatomical structures of embryos. Embryos develop and development means fundamental reorganization during growth. Early mammalian embryos have features in the womb that subsequent development obliterates; gills, for example. Embryonic progression among vertebrates fascinated anatomists: they appeared to develop in parallel with the presumed history of their evolutionary ancestry. In theory, this analogy between the development of an individual and the path of descent with modification of its ancestors became the phrase, “ontogeny recapitulates phylogeny,” a supposed biogenetic law. It means that the developmental process of an individual repeats the adult stages of organisms from its ancestral history. This recapitulation theory became a widely dispersed version of Darwinism. Its enthusiastic supporters extended the idea analogically from organisms to society. In this view, social development of the individual repeated the course of the history of civilization and prominent educators adopted this version of recapitulation theory for the purpose of curriculum design. They wrote in terms of the sequence of cultural epochs preceding the flourishing of modern, advanced, scientifically sophisticated European societies. Students, they believed, need to experience these epochs in order to develop properly.


Long before Darwin advanced his ideas and prior to the advent of recapitulation theory, educational thinkers promoted Rousseau’s philosophy of natural childhood. Rousseau convincingly argued the goodness of nature and hence the rightfulness of natural development. In effect, the Enlightenment’s trust in what is natural—notions of natural rights and the goodness of nature—transferred readily into the search within natural history for natural causes of the origins of humanity and civilization. Darwinism discounted the natural benevolence of the world and replaced the imagery of benevolent design with the struggle for existence. It did not question but only extended the power of “natural” as guiding imagery. Good explanation, from this point of view, was explanation in terms of the natural. Logically following the quest to understand nature was the attempt to arrange human institutions in keeping with natural processes. To trust the outcome of a natural process was to trust in positive outcomes. Evolution might be brutal, but it produced novelty, complexity, diversity and even natural instincts of sympathy for others. 


Charles and Emma Darwin admired the work of Rousseau’s follower, Pestalozzi, who wrote, “The child masters the principles of cultivated speech in exactly the same slow order as nature has followed with the race (Pestalozzi, Wie Gertrud ihre Kinder lehrt, 1801; in Strickland, 1963, 63; cited in Gould, 1977, 148). This quotation reveals “nature” as a creative force to be trusted. At the same time, it foreshadows Haeckel’s biogenetic law of recapitulation, particularly as extended by educators to child development. A personified “nature” is the guiding metaphor that bridges pre-evolutionary Enlightenment thought with post-Darwin theory.  In successive generations of the Darwin households, children developed within an atmosphere that reflected Rousseau’s precepts. After Darwin, successive generations of school children experienced reforms aimed at promoting education consistent with their natural instincts and interests. Justification in terms of the philosophical had become justification in terms of the scientific.  


This justification produced the culture-epochs approach to curriculum design. In hindsight, the culture-epochs program of instruction appears vastly foolish. In context, its link to a major revolution in world view stands out strikingly. As a moment in history, recapitulation theory in biology captivated the minds of thinkers who would cast long shadows across the twentieth century and clearly into the twenty-first. 

Ontogeny recapitulates phylogeny

In the nineteenth century, before chromosome sorting, DNA replication, and other events taking place in cell nuclei leading to egg and sperm production were known (i.e., the process of meiosis), comparative anatomy, from embryo to adult, reigned supreme. Why, scientists wondered, do embryos of humans resemble fish so closely at one stage then, as fetuses, primates? Do they pass through a molluscan stage, too?

Evolutionist story-telling proposed an answer. Ernst Haeckel, “the chief apostle of evolution in Germany” theorized how stages of a creature’s embryonic development were related to the forms of its adult ancestry. His “biogenetic law” came to underpin the new field of evolution (Gould 1977, 77). According to this law, a creature’s life, especially while developing within the womb, repeats the evolutionary history of its kind. To Haeckel and his followers, development in egg or womb mirrored the history of descent across geological ages. In the jargon of the age: “Ontogeny recapitulates phylogeny.” Ontogeny refers directly to the unfolding of stages during the process of development as well as the entire life history of an individual organism; phylogeny, “the evolutionary history of a lineage, conventionally (though not ideally) depicted as a sequence of successive adult stages” (Gould 1977, 484).

According to Haeckel:

During its own rapid development . . . an individual repeats the most important changes in form evolved by its ancestors during their long and slow paleontological development (Haeckel 1866, 2: 300).

This is the thread of Ariadne; only with its aid can we find any intelligible course through this complicated labyrinth of forms (Haeckel 1874, 9).

Haeckel’s biogenetic law provided a promising platform for evolutionary inquiry. Analysis of embryos assumed great significance for such analysis would unlock the puzzle of descent, the mystery of origins. Unfortunately, this theory implies that evolution proceeds primarily by adding on new stages of development and hence diminishes the role of variation.

Even more unfortunately, Haeckel extrapolated his biogenetic law to claim that evolution must rule civilization as well as nature. Advance stages of civilization, such as the German nation, were the inevitable and necessary products of the evolutionary process. Germany had passed through stages of barbarous savagery, tribalism, and feudalism in order to reach an advanced state in culture, science, and values. He believed that such advancement conferred “upon favored races the right to dominate others” (Gould 1977, 78). Haeckel’s work unfortunately provided Nazism a measure of legitimacy.

As Darwinian thinking made its way into Germany and beyond, its champions extrapolated evolutionary progress from life to society and interpreted the past as the necessary prologue to an inevitable, advancing series of stages leading toward perfection. Recapitulation theory proselytized the notion that evolution added advanced stages. Its adherents answered in the affirmative to the question, “Do individuals through their life history repeat the sequence of organic forms from which they descended?” Presuming so, Haeckel and others set out to demonstrate a host of lower forms represented during different stages of embryological growth. Social theorists found analogy between recapitulation of organic forms and stages in cultural development from primitive to advanced.


Haeckel’s evolutionary biology and grandiloquent theorizing transferred to the social sphere influenced educational theorists who strongly believed in the analogy between organic and social evolution. Based on their fascination with the parallels between the stages of embryological development and the historical epoch of culture, these theorists, Jean Piaget among them, hypothesized critical stages for educational development consistent with belief in progress toward higher forms.

The child as history

The recapitulationist metaphor has anchored theories across many fields, permeating their stories. Education is no exception. At the end of the nineteenth century and during the dawn of the twentieth, the influential American educator G. Stanley Hall’s approach to child development assumed recapitulation. For example, he interpreted childhood fears as descended from “the problems of ancestral adults, not the environments of modern children.” (Gould, 1977, p. 140)  Whether learning to walk, experiencing fear, progressing in play, or becoming socially adept, children progressed through stages that mirrored the history not only of their biological species (from motions evocative of swimming fish, through crawling cat-like, to upright posture) but also of their race, from savage to civilized, and nation, from classical to modern.

For Hall, schooling needed to match the child’s recapitulation journey and refrain from suppressing expressions essential to completing proper development at each stage. Hence, even savagery ought to be accommodated through opportunities afforded by the natural world—hunting, for example. If not, arrested development would presumably cause problems later in adulthood.

By trusting the instincts of the young child at play in the natural world as a form of early education, Hall mirrored Jean-Jacques Rousseau’s principles. In effect, Hall and his followers provided the eighteenth century Enlightenment philosophy of Rousseau with a nineteenth century scientific foundation. The root metaphor making this elaboration appear both sensible and compelling was “nature.”  Rousseau’s writings extolled the natural and vilified corrupting influences imposed upon young minds. Hall found in biology a rationale for the idealistic trust in nature articulated by Rousseau. There was, it seemed, a basis in scientific truth for Rousseau’s rhetoric. Hall fashioned himself as “The Darwin of the mind” (Hall, 1923, 360; cited in Kliebard 1986, 35).


Though unable to fully organize schooling in a fashion that might delight Huck Finn (including a stage of freedom intended to promote the development of the noble savage), near the end of the nineteenth century leading educators did try to organize curriculum for children as a progression through the epochs of past cultures. They reasoned, “If all the world is in upward flux along a single path of development, then instruction must follow nature as a child mounts through the stages of lower creatures and primitive civilizations towards a higher humanity”  (Gould 1977, 148).


As described by Gould, leading American educators made pilgrimages to German universities during the 1870s and 1880s to learn the theory of culture-epochs, Kulturhistorischenstufen. Upon their return, they disseminated these views as anchors to an emerging progressive philosophy in American schools. Soon afterward there emerged the Child Study movement, which faulted schools for excessive drill, rote learning, and curriculum poorly matched to the developing needs of children.

The child-centered, Herbartian prelude and postlude to culture-epochs theory

American educators also learned in Germany the educational philosophy of Johann Friedrich Herbart (b. 1776; d. 1841) and in 1892 formed, in opposition to the traditional curriculum of classical humanism, the National Herbart Society. Its members thought of themselves “as scientific in outlook” (Kliebard 1986, 18). Well into the twentieth century Herbart received credit for his “pedagogics . . . still the source of much of our best educational theory and practice” (De Garmo 1953, 115). The National Herbart Society lived for not much more than a decade, but it galvanized reformers such as Hall and brought John Dewey into the educational fold. The National Herbart Society was Dewey’s cradle.


Herbart criticized Hegel’s approach to resolving contradiction through synthesis. For Hegel, synthesis meant establishment of a level of thought superordinate to the contradictory notions (thesis and antithesis). De Garmo cited the prime example of Hegel’s method: there can be “being” and “non-being,” its opposite. The higher level synthesis brings these two opposites together. In this case, the synthesis is “becoming” which implies movement from non-being to being.


Herbart, according to De Garmo, taught the acceptance of the contradiction of opposites and instead of resolving such tension through synthesis at a higher level advised his followers to “honestly endeavor to remove the contradictions inherent in our everyday thought of the world” (De Garmo 1953, 115).  In order to remove contradictions, Herbart would accept “any presupposition, rational or irrational, which promises to resolve the difficulty, even though the principle of explanation should forever resist demonstration as to its reality” (De Garmo 1953 115).


There is no clearer expression of this approach in the present than the “principle of charity” introduced to the science education literature by Klaassen and Lijnse (1996). Klaassen and Lijnse analyzed a classroom dialogue in which a student resisted the teacher’s explanation of force. The teacher used the term “force” consistent with Newtonian laws of motion. The student, however, rejected the statement that a table exerted a force on a resting object. The exasperated teacher was unable to convince the student that she held a misconception and to replace it with the Newtonian concept.


Klaassen and Lijnse analyzed the teacher-student quarrel and concluded that the participants did not, in fact, differ in belief or opinion “about how things are in the world” (129). They quarreled because they were “not aware that they do not assign the same meaning to the expression ‘to exert of [sic] force’” (129). Klaassen and Lijnse endeavored to determine the student’s meaning of “force” from her use of the term. They summarized their method as follows:

Assign such meanings to a speaker’s expressions that she comes out as consistent and a believer of truths. (Klaassen and Lijnse 1996, 129)


Klaassen and Lijnse attributed their principle of charity to the influence of Davidson’s philosophical work (1984). Its antecedents, however, are clearly in the Herbartian agenda to remove contradictions in everyday thought about the world by accepting a presupposition that removes the contradiction. What Klaassen and Lijnse, after Davidson, have done is to apply this principle to the problem of communication about the everyday world. In so doing, they have arrived at a conclusion that is very respectful of student intelligence. In addition, they have responded to Rousseau’s admonition not to ascribe adult meaning to children’s words:

They have another meaning than ours without being able to perceive it; so that, appearing to answer us quite exactly, they speak to us without understanding us and without our understanding them. It is ordinarily due to such equivocations that we are sometimes surprised by their remarks. (Rousseau, 1762/1979, p. 73)


Modern educators would refer to children’s surprising equivocations as “misconceptions.”  The principle of charity, however, makes a less summary judgment. Of salience is the attention to meaning from the perspective of the child and the attempt to align the curriculum in order to capitalize on natural interests. At the same time there is an implicit need to make curriculum respond to and encourage the natural development of the child.


Child-centered, Herbartian reformers endorsed culture-epochs theory because “a curriculum organized in this way had a guaranteed appeal to children’s interests. Children, they felt, had a natural affinity for materials drawn from a historical epoch which corresponded to their stage of individual development” (Kliebard 1986, 46). The development of thought flourished best, believed the Herbartians, in the context of children pursuing their natural interests.  Culture-epochs theory, in effect, attempted to rest the task of authoring school curricula on a firm, scientific foundation, one that would validate the romantic appeal of promoting children’s natural interests.


The Herbartians also emphasized the principle of “apperception.”  Apperception is “the mental assimilation that takes place when we use knowledge already acquired to interpret new knowledge” (De Garmo 1953, 116). This principle figures prominently in Ausubel’s psychology and theory of meaningful verbal learning. Ausubel is frequently quoted as saying, “The most important single factor influencing learning is what the learner already knows. Ascertain this and teach him accordingly” (Ausubel 1968, vi; cited in Novak 1977, 24). Ausubelian learning theory led to the practice of “concept mapping” as a tool for representing the network of concepts comprising a student’s prior knowledge.


Finally, and most importantly, Herbartians stressed “direct interest” and the derivation of interest from experience. Interest stemmed from empirical, causal, and aesthetic aspects of the subject and from sympathetic and social dimensions of interaction with others. For the Herbartians, interest had both subject and social components. At the pinnacle of Herbartian method stands “the well-ordered activity of the pupil in the solution of problems and tasks” (De Garmo 1953, 117). These are problems and tasks of direct interest to the pupil; culture-epochs theory suggested what they should be. However, Herbartian philosophy predated culture-epochs theory and as modified by John Dewey extended far beyond it.  Herbartian philosophy has promoted social interaction, experiential learning, interest-centered curriculum, and subject integration.

Meaning and the two poles of story-telling

In story the meanings of actions, events, and ideas take form. Being human and becoming more human make careful use of stories. Our stories put events in sequence, link actions to consequences, and ascribe relevance to ideas. Stories range in significance and structure, of course, from brief parables to epic sagas. They provide the imagery that connects the events of our experiences and makes them intelligible. This view of story subsumes theory, a specialized pattern of imagery that renders reliable, empirical predictions out of our extended experience of the physical world. Often the function of theory, like other stories, is to inform action—to make it purposeful from a given perspective. Theory-based actions, however, are typically utilitarian ones. They pertain to how one might choose to act, given reasonably predictable consequences.


The theoretical stories of the sciences are different from other stories in an important respect: they have as a key purpose the challenge to undermine the story. Theory, then, is a very impertinent form of story-telling. It is the height of irreverence, able to spin yarns with utter indifference to being human and becoming more so.


There is another pole that anchors the spectrum of story-telling and that is the pole occupied by stories that have as their key purpose the goal of making the story timeless—even eternal, or outside of time altogether. Given that stories typically place events in sequence, whether unidirectional or cyclical, there is irony in this aim. It is the aim of telling a story that transcends not only the story but the story form altogether. Obviously, these are the mythical stories of different religious traditions. Often the function of these stories, like others, is to inform action—to make it purposeful from a given perspective. The actions, however, are typically idealistic ones. They pertain to how one ought to live, regardless of the instrumental value of one’s actions.


Our ideas therefore find anchor in stories that speak to us with utter indifference to our individual lives as well as in stories that tell us that our thoughts, feelings, and actions have ultimate significance. We each ascribe at different times and in changing contexts to a multitude of stories that anchor meaning for us in different and sometimes irreconcilable ways. Some choose to find a path of overwhelming consistency; others choose to embrace the contradictions. Nevertheless, the stories we value most, when examined from a point of view entirely from the outside, have the appearance of myth, an irreducible element of being accepted as an explanation of important phenomena on faith. 


Stories in the sciences, for example, derive from a faith that the world in its most basic sense is an orderly process of events. Finding pattern presumes patterns exist. For some this faith extends further to the belief that the human mind is entirely capable of grasping the patterns of the universe. Darwin, however, doubted whether the human brain, a product of natural selection, had the capacity to find solutions to ultimate problems of existence and non-existence.


Stories, in religion, however, derive from a faith that the world in its most basic sense is an expression of a divine, supernatural, level of being. Appreciating this dimension to existence presumes its presence in daily life. For some, this presence obligates them to certain actions but not others. Rousseau feared indoctrinating children in this manner and his approach to education was therefore an anathema to those who felt obligated to raise children in dogma.


The other pole of the spectrum of story types always looks like dogma when viewed from the far and opposite end. Opposite, however, is a misnomer; both ends are stories pervaded with metaphors that anchor meaning and sculpt thought. They differ in degree and perhaps in substance, but not in their common humanity. Devotion to them gives meaning to life and there are a host of stories ready to function as myths undergirding purposeful living. The question that matters from devotion to educating is whether or not these myths function implicitly or explicitly in shaping thought and directing learning. Myths that shape thought and direct learning carry great significance in the public arena, schools being a primary venue. They are the places where the opportunity to contest world views often arises but is quickly suppressed. Sadly, though necessarily, this suppression impoverishes the dialogue among teachers and students about an idea that might just be the most important one in science education.

Making myth, imagery, and their consequences explicit

At the least, educators should consider the different world views of their students with genuine sympathy. They should keep in mind that not only for their students but also for themselves meaning in life stems from the commitment to order one’s actions according to a compelling myth. Evaluating the consequences of acting according to this commitment should follow. Whether anchored in theoretical or religious story-telling, we need to acknowledge that our chosen myths guide our action in a world not of our own making. The myths are of our making, but not the world. The myth may stem from choice or conditioning and range from belief in hedonistic pleasure to other worldly rewards, from rugged individualism to imperial glory, from selfless service to social advancement, from independence of mind to devotion to ritualism, from a universe born of purposeful design to one pervaded by existential indifference, from theoretical empiricism to divine presence.


The key point is that there are consequences for actions undertaken according to belief. Knowledge begins when these consequences and their relation to beliefs are examined. The world apart from belief and myth responds to actions—it offers experience—yet this world apart remains unknowable in any ultimate sense. We know the world through our experiences mediated by knowledge, knowledge that improves with awareness of the consequences of belief and myth on our actions.


Lamarck adhered to a belief in a universal drive toward increased complexity. Darwin ascribed to a myth of perfectibility and progress. Doubters of evolution revere a supernatural dimension of the world. Social Darwinists find justification for society’s injustices by extending evolution metaphorically. Acting according to these beliefs entails consequences; understandings of these consequences constitute knowledge. Some beliefs prove well-justified; others are illusory hopes. It is the task of educating to promote the ones best justified while exposing the limits of such justification. Tentative insights into evolutionary processes may serve as useful analogies in other contexts, becoming fruitful learning theory (the evolution of concepts, for example). They may easily become justifiers of foolish educational theory and socially injurious dogma. 


Acceptance of evolutionary thought comes only after an intellectual struggle that confronts its underpinning imagery of mutability, its “survival of the fittest” language, and its disconcerting implications of impermanence. Desmond and Moore, Darwin’s biographers, found even him “tormented” by his struggles to understand life’s diversity, complexity, commonality, and history and integrate these insights with the meaning of being human. The example of the education of the principle evolutionist figure reminds us not to underestimate the challenge of educating new generations of evolutionists. The challenge is more substantial that public school dialogue admits and the stakes are very high.


There are profound consequences to rejecting and avoiding thinking in evolutionary terms. Antolin and Herbers (2002) note these risks to the fields of medicine, agriculture, and biotechnology, explaining the importance of evolutionary understanding to research about human blood types and trans-species organ donations, pest resistance and seed banks, and the escape of genes from the bacterium Bacillus thuringensis to wild populations of plants from genetically engineered ones. What Antolin and Herbers place last in their article ought to come first in teaching evolution: the purposeful context of solving problems, the context where evolutionary thought acquires its meaning through successful use. Evolution is not the “right way to view the world” but a deliberate attempt to improve upon our acting within it.


Reducing the challenge of learning evolution to the application of supposedly scientific logic, process, and method will not suffice. Meaningful grasp of this idea eludes simple-minded weighing of the evidence for and against Darwin’s claims. Teaching for understanding of evolution depends upon examination of meanings within context, of the implications of some ideas upon others, of approaches to reasoning tailored to explicit ends, of the use of analogy, metaphor, and myth in the generation of novel and productive thought.


Darwinism turns controversial when applied to attempts to understand human origins and human nature. Darwin understood this controversy well; he evaded it as best he could in the Origin first by ignoring much of his own data on human diversity and secondly by premising his argument with a detailed analogy between variation and selective breeding of plants and animals under domestication and variation and natural selection of plants and animals in nature. In 1871, however, he subsumed humanity within his evolutionary framework with the publication of The Descent of Man. One hundred years later the historian of science, Jacob Bronowski, echoed these words in the title of his book (and broadcast video series), The Ascent of Man (1973), Bronowski’s monumental work contains a humble yet telling proposition, developed in the context of explaining the derivation of modern chemistry from its roots in medieval alchemy:

Every theory is based on some analogy, and sooner or later the theory fails because the analogy turns out to be false. (Bronowski 1973, 140)


Analogies pervade evolutionary thinking at every turn. They hinge its claims and generate its imagery. Some have proven—at least within a few circles—false. Different camps characterize the course of evolution as illustrating “gradual progress,” “punctuated equilibria,” “selfish genes,” and “random walks.”  Analogies and metaphors are linguistic, not empirical, structures, though they guide empirical inference. From comparative anatomy to extrapolating the effects of natural selection upon natural variation across vast domains of time, evolutionary thinking depends upon analogical reasoning. The meaning of evolutionary concepts and significance they hold build upon analogical insights linking the bones of the ankle in one species to those of another, the molecular metabolism of all life to a common origin. It is reasoning by analogy that classifies humans as primates, mammals, and animals. One key to educating the evolutionist thus resides in uncovering the nature and role of analogy in Darwinian thought. Another key is to ask, as did the Elephant’s child, an impertinent question:

That is the essence of science: ask an impertinent question, and you are on the way to the pertinent answer. (Bronowski 1973, 153)


Story and myth, metaphor and analogy, impertinence and curiosity, play and exploration: these are the often overlooked, unobvious raw materials to use in fashioning the context that illuminates Darwinian thought. Darwin was well on his way to a pertinent answer to the mystery of mysteries. His privileged life provided him opportunity and his age a social opening to advance his conclusions. His family culture valued an approach to learning that would profit his intellectual journey immensely. To the education of the modern evolutionist the study of Darwin’s own life and words remains pertinent indeed. They reveal the image of a man, like all others, of merely human scale and defang him as a mythical monster.

The importance of evolution to education and the myth of the scientific method

The imagery of evolution, its status as a compelling story—even myth—has the potential to inform our actions. From the acknowledgment of their consequences and with awareness of the imagery that guides our thinking, we achieve knowledge. This knowledge provides resources to improve our understanding and hence modify our collective actions that might determine the future course of evolution.


Whether while altering habitats or when manipulating genomes, humans must exercise responsibility toward life on earth. To understand the consequences of altering habitats we must grasp the meaning of Darwin’s most original idea, natural selection. To appreciate the effects of manipulating genomes we must feel the significance of Darwin’s most puzzling problem, variation in nature. These are compelling ideas and they warrant educational effort to achieve widely shared meaning and common purpose.


Such educational effort ought to accord playfulness, linguistic imagery, analogical reasoning, and story-telling high prominence. Such educational effort must communicate deep respect for the capacity and identity of the learner while at the same time honoring the stature of the idea and its myriad layers of meaning and connection. Both learner and idea, both the life of Darwin and the concept of evolution, have stories to tell that demonstrate responsiveness to the demands characteristic of particular problems. What makes these stories striking is their relevance to problems of ecological survival that all humanity has in common.


There is no reducing this educational challenge to a call for general scientific literacy, to a program for teaching “the” scientific method or “the” skills of inquiry. Neither will listing the “processes” common to all branches of investigation as a framework for general literacy serve us well. Certainly, making new, empirical claims about nature necessarily demands careful adherence to investigative techniques. These techniques must withstand logical and factual criticism while enabling successful replication.


Methods of inquiry in a well-defined context stem from the nature of the conception of the phenomenon. They adapt to interests and must reflect the particular features of the objects and events of interest. Methods of inquiry contribute to answering interesting questions. They do so in a context set by an explanatory agenda circumscribed by specific purposes. Questioning drives inquiry and the conception of the phenomenon generates the questions. Methods follow from the question’s lead, subject to review in terms of their success in solving problems.


While not denying the significance of methodology to the process of warranting new claims, there is danger in reducing the notion of educating the evolutionist to just another case emblematic of the nature of science. Evolutionary sciences are emblematic of solving problems about the history of life and its interrelatedness. Life’s interrelatedness is the image, the conception, the goal of learning that matters most. The notion that claims about the history of life and its interrelatedness typify science and map out its processes in a general way has appeal. Nonetheless, this notion is misleading.


However compelling the notion of science as a unified methodology independent of context might be, it is a gross misrepresentation. The abstraction of processes such as observing, predicting, classifying, and organizing data presumed common to all sciences may make curriculum construction easy, but at the price of trivializing these processes and disrupting the coherence of imagery necessary to understanding a particular phenomenon.


Darwin observed, but more importantly he observed behaviors and anatomical structures. He made observations in the service of hypothesizing, for example about the origin of South America’s fauna from similar creatures in its extinct megafauna. He focused his observation on similarities and differences among structures and functions. His conception of descent with modification, once established, was always in place as a framework suggesting what to observe, what to compare, what to look for next. The imagery of his understanding brought coherence and direction to his observations—it guided his selection of subjects, from barnacles to pigeons, from worms to orchids, from vines to seed dispersal. 


Belief in the myth of scientific method has consequences for the treatment of learning in science. It prioritizes the nature of science, the methods of science, the processes of science, or scientific inquiry skills above concern for interesting phenomena in their own right along with their imaginative conceptualization. It risks the presumption that the most salient features of the nature of science, the methods of science, the processes of science, and the inquiry skills of science can be idealized at a general level and disembedded from the context of actual inquiry. 


We can trace the rhetorical origin of this misguiding myth and its claim of universality to the writings of John Dewey:

Scientific method is not just a method which has been profitable to pursue in this or that abstruse technical subject for purely technical reasons. It represents the only method of thinking that has proved useful in any subject. (Dewey 1910, 127)

Dewey’s dualism
Dewey’s claim belies the unique demands of the content area itself. It ignores the challenges of learning a subject that in substantial measure are not expressible as a generalized process suitable to all contexts. It dismisses the difficulty of trying to disentangle strategies of thinking from conceptions of phenomena and contradicts the premise that conceptions ultimately rest upon generative imagery. 


Dewey’s work did acknowledge the value of implicit associations acquired through extensive experience with a phenomenon of interest. He alluded to the issue of the thought being tailored to particular matters of interest by acknowledging subjects as repositories of resources for solving different kinds of problems. He argued that education should function to extend the experience of the learner into the domains of these resources in order to see knowledge as purposeful. In this sense, he clearly appreciated the importance of embedding inquiry within a particular context and feared the sterility of content presented to students as specialized knowledge bereft of the reasons for its construction:

Those things which are most significant to the scientific man, and most valuable in the logic of actual inquiry and classification drop out. The really thought-provoking character is obscured, and the organizing function disappears. (Dewey [1902] 1990, 205)


Dewey valued the logic of action in the context of actual inquiry—a position very distinct from idealizing a universal, scientific method. He thought insight into this logic would inform teaching in a positive manner. In addition, much of his work emphasized the need to respect the nature of the child and the importance of childhood experience. He was Rousseau’s obvious successor in this regard. His goal was to reconcile these two traditions: subject-centered and child-centered instruction. He noted, quite rightly, that schooling expected children to learn ideas without understanding the purposes they served. Yet in his effort to bridge the gap between vitally meaningful experiences of childhood and the abstracted, logically organized knowledge of subject fields, he erred.


Dewey underestimated the extent to which achieving shared purpose depended upon constructing shared imagery and how closely bound to cultural identity such imagery might be. In place of shared and restricted imagery, he postulated a universal scientific method whose practice would achieve universal scientific habits of mind.


Troubling in this approach as it has evolved to the present is the assumption that reasoning skills are somehow superordinate to content. From a different perspective, the one advocated by this essay, thinking must adapt to the demands characteristic of particular problems. Thus, the salient features of teachable knowledge are conceived of as “timely, local, and particular” rather than “timeless, global, and universal” (Toulmin, 1990). Thought, contoured to the landscape of problems, has interesting features lost when abstracted to general features common to all problems. The notion that thinking adapts to features of the phenomenon of interest, to the demands characteristic of particular problems, encourages skepticism toward theories of generalized reasoning and superordinate status for universal methods of inquiry. 


Devotion to the abstract quest for universal methods of inquiry and generalized habits of mind mangles the coherence of imagery indispensable to meaningful learning and satisfying thought in tangible situations. The scientific method is a dysfunctional myth that merits consideration in light of the consequences for acting according to it. Attention to learning about evolution as an important subject in its own right should supersede the aim of learning abstract principles about science in general.


Previous chapters have argued that studying evolutionary phenomena requires approaches or styles of thought responsive to its particular features. This chapter reiterates the importance of analogical reasoning, of the commitment to comparison and contrast that permeates empirical technique examined in two examples of paleontological research (elephant and whale). Analogical reasoning is a vast simplification of a host of methods, yet it underscores the inevitable entanglement of thought and technique. Moreover, it elevates to our attention the distinctiveness of problem solving in evolutionary contexts rather than the abstract unity of scientific thinking. The theme reinforced here is one of skepticism toward claims of universalism in science, whether of method or theory, especially in the context of choosing what to teach.


For Darwin, curiosity about life’s diverse experiments animated his intellectual journey over more than a half century, leading him to persuasive answers to his age’s impertinent questions. His imagery cohered and its structure generated questions. The explanatory agenda he set in motion has gained in scope and value. It counts as one among several fields holding claim to the attention of students in the widest sense.


In science education, there is content to master that is important in its own right, patterns of thought embedded in purposeful contexts and expressed with linguistic structures. Specific ideas and the knowledge they organize hold the highest value. Mastery of this knowledge even at a novice level promises satisfaction through feeling the significance of questions and their connections to persuasive answers in a meaningful way. Curiosity’s appetite seeks nothing more than this connection between a compelling question and a convincing answer.

John Dewey’s conception of inquiry as an antidote to culture-epochs theory 

Proponents of Child Study claimed John Dewey as one of their own, but his thought escaped the recapitulationist pitfalls of culture-epochs theory. He accepted the need for experience as a basis for learning, but saw history not as stages to simulate through schooling but as problems that had required cultural responses. Epochs of culture were resources for curriculum development, not an a priori sequence of study. Curriculum for Dewey should become responsive to children’s development without slavishly adhering to the tenets of the Child Study movement. Dewey, in essence, liberated Child Study from its recapitulationist hackles while at the same time reconciling child-centered instruction with classical ideas about learning respected subject matter in literature, science, history, and fine arts.

Nearly a century ago John Dewey in The Child and the Curriculum (Dewey [1902] 1990) warned about the evils of failing to integrate children’s experience with school curricula.  He argued that the words and concepts of science were “dead and barren” (202) unless connected to the child’s experience. “The lack of any organic connection with what the child has already seen and felt” (202) and the “conspicuous absence” of “need and aim” (203) for the subject matter become a mis-educative evil: “Those things which are most significant . . . and most valuable in the logic of actual inquiry and classification drop out” (204).


Dewey lamented the preponderance of mind-numbing, stultifying, authoritarian schooling that characterized children’s experiences in the early twentieth century. His critique focused primarily on the relationship of children’s experiences to learning school subjects and found that these worlds remained troublingly separate. Subjects, which supposedly embodied the finest accomplishments of human inquiry, lacked vital elements. In the context of actual inquiry, science concepts served aims—they functioned in a well-reasoned way to solve pressing and interesting problems. In addition, purposeful contexts shaped the meanings of words used in classification. Whatever factual accuracy and ordered structure school subjects might have, they had lost, from the child’s point of view, the context of a clear purpose and hence presented knowledge as something to assimilate, not acquire in order to answer significant questions. The subjects taught at school lacked the context of story—particularly of a problem to solve, a fascinating question to answer—needed to make them compelling.


Scientific terms, classifying schemes, and approaches to inquiry need to become vital, useful, productive tools in the hands of students—not inert, memorized, arbitrary knowledge elevated to significance by adult authority. Rousseau, Herbart, Dewey, and Piaget have made this point. To begin to take this message to heart is to acknowledge the depth of respect due both to the capacity of the learner and to the complexity of the subject. A zealous commitment to making inquiry vital to students too easily underestimates the challenge of learning meaningfully the concepts so tersely presented in the curriculum.

Concepts depend upon reference to events, relationships to other concepts, and a purposeful context in order to acquire meaning. Their formation is anchored in metaphor and imagery. They carry entanglements with personal beliefs and burdens of historical associations. Levels of context are innumerable, the more so the greater significance of the concept.

Foremost and often most troubling among the centrally organizing ideas of science is the concept of evolution by means of natural selection. Few ideas in science are as fundamental as this one and John Dewey’s philosophy remains germane to teaching it successfully.

Jean Piaget and childhood as recapitulation

Jean Piaget also holds a prominent position in the pantheon of thinkers whose work has shaped educators’ views about childhood. The title he gave his field of research, “genetic epistemology,” reveals the metaphorical anchor to his theorizing: the origin and development of thought. “Genetic epistemology” loosely translates as “the genesis of how we come to know.”  In Kipling form, Piaget asked, “How does a child become intelligent?”  He sought an answer through strong analogy with Haeckel’s biogenetic law transferred to the realm of intellect:

The fundamental hypothesis of genetic epistemology [Piaget’s name for his school of thought] is that there is a parallelism between the progress made in the logical and rational organization of knowledge and the corresponding formative psychological processes. With this hypothesis, the most fruitful most obvious field of study would be the reconstituting of human history—the history of human thinking in prehistoric man. Unfortunately, we are not very well informed in the psychology of primitive man, but there are children all around us, and it is in studying children that we have the best chance of studying the development of logical knowledge, mathematical knowledge, physical knowledge, and so forth. (Piaget 1969, 4; cited in Gould 1977, 145)


Piaget wrote his dissertation not about children, but rather about Jurassic Age gastropods (snails) from France and grounded his work in Haeckelian recapitulation theory. As he mobilized intellectual resources in pursuit of answers to questions about child psychology, no doubt he drew upon his own academic origins. Recapitulation was his guiding metaphor and his link to natural process.


For Piaget, child psychology and intellectual history trace parallel paths. Influenced by Immanuel Kant’s On the Critique of Pure Reason, he placed mathematics and logic, closely allied with science, at the apex of cultural achievement. Hypothetico-deductive reasoning, propositional logic, control of variables, proportional thinking—the elements (in Piagetian jargon) of formal operations—provided the omega to his postulated alpha stage of sensory and motor learning. 

The Piagetian child progresses through stages of intellect, constructing mental operations that accommodate the complexities of the world in much the same fashion as have civilizing bodies of knowledge—the accumulated wisdom of the ages. In keeping with stage theory dogma, Piagetians advise matching school learning to child readiness (a function of both maturation and experience) and believe that progress through concrete thinking to formal reasoning requires successful mastery of problem solving characteristic of each stage. In addition, this progress follows a more or less fixed sequence (thinking about the co-seriation of events—a timeline, for example—before reasoning with proportions—related rates problems, for example), reaching conclusion no earlier than adolescence.


Thus Piagetians attend to the development of the logical operations of thought as the basis of intelligence rather than the propositional content (trusted statements and associations) of the mind, its linguistic organization, and its dependence upon metaphor to assist reasoning, though Piaget acknowledged the significance of this “figurative” aspect of mind. However, he prioritized the structures over the content of the mind. These structures operated to draw inferences from and inferences about experience. The essence of intelligence, for Piaget, was its operational structure: “The essential functions of intelligence consist in understanding and in inventing, in other words in building up structures by structuring reality.”  (Piaget 1971, 27)


Nonetheless, Piaget and his collaborators, whatever suspicions we may harbor about the metaphorical origin of his stages of child development in biological theory, have convincingly argued that “knowledge is derived from action” ( 28-29). Piaget credited Socrates’ emphasis on a “pupil’s own activity” rather than “docility” as a valid precursor to his own philosophy. His thinking is entirely consistent with the Herbartian agenda outlined previously (especially “the well-ordered activity of the pupil in the solution of problems and tasks”). Piagetians have underscored the importance of schooling that “. . . appeals to real activity, to spontaneous work based upon personal need and interest” (152). In addition, Piaget has substantially advanced our understanding of how and to what extent the thought and hence the inferential capacity of children departs from that of the adults. 


“All fruitful activity presupposes an interest,” wrote Piaget near the end of his career (Piaget 1971, 152). He continued by posing “the central problem of the new education: Is childhood capable of a durable kind of personal work, characteristic of the highest forms of adult behavior: diligent and continuous research, springing from a spontaneous need?” (152). In this question Piaget echoed both John Dewey and Jean-Jacques Rousseau.

Dewey, argued that education ought to acknowledge the “need and aim” for learning from the perspective of the child. He lamented that the actual logic of inquiry and the most significant aims of study—the motivators of behavior—disappeared from school curriculum. Rousseau, whose 1762 Emile foreshadowed many of Dewey’s principles as well as Piaget’s attention to the natural development of the child’s intelligence, wrote most simply about the young boy whose education he idealized, “Living is the job I want to teach him.”  (Rousseau [1762] 1979, 41)  No doubt, Piaget’s “durable kind of personal work” is a reflection of Rousseau’s equating of living and learning.

In keeping with the conclusion, advanced much earlier by Rousseau in Emile, that children and adults think differently, Piaget recognized the need to recast notions of a “durable kind of personal work,” of “diligent and continuous research” from an adult to a child-centered perspective. “How are we to adjust our educational techniques to beings at once so like and yet so unlike us?” (Piaget 1971, 153)  No quick summaries will answer this question, and so we will pass on it for the while, accepting Piaget’s argument “that knowledge comes not from the external world or from the observer but from interaction between observer and the world.”  (Ahl and Allen 1996, 13)  Learners need to interact with the world—to have their noses pulled, to go where their impertinent questions may lead.


Let Piaget’s disarmingly simple question, “What is childhood, then?” return us to the issue of origins, how Piaget got his stage theory. He answers, “Childhood is a biologically useful phase whose significance is that of a progressive adaptation to a physical and social environment.”  (Piaget 1971, 153)  His commitment to evolutionary imagery remains apparent, despite the atrophy of the idea of recapitulation. His work epitomizes the origin of promising thought from strange antecedents (recapitulation theory guiding the study of stages of development among snails), analogous to elephants from something pig-like and marsh-dwelling, and to Moby Dick from the walking whales of Pakistan.

Meaningful learning and epistemic self-portraits

Teaching does not cause learning; it does influence the conditions under which learning occurs. Learning, as a change in the meaning of experience, depends upon the availability, intelligibility, and potential promise of new meanings presented in the context of interpreting experience. Choosing to learn depends upon the history of experience as a learner and the learner’s goals. If grasped, meaning proceeds as the reorganization of meaning so that experience is felt more deeply. Once formalized, this organization permits the learner to draw upon the expertise of a wide community in order to deepen the personal experience of events, to feel their significance in a more meaningful way. Good teaching leads to the achievement of shared meaning; the task of learning is to grasp unobvious meaning. Good teaching makes unobvious meaning less so—it makes insight accessible to the novice. Constructivist thought, by the way, makes no claim about the goodness or badness of lecturing.

What’s the point? To know more is to see more; to see more is to feel more; to feel more is to be more; and to be more is the point.


Teachers ought to be aware of what students actually understand and what they fail to grasp. So should students themselves. In the jargon of Stephen Toulmin, this kind of self-awareness—of specific insight into the network of propositions that orders one’s own understanding—constitutes an “epistemic self-portrait” (Toulmin 1972, 3). This portrait may prompt the intellectual habit of constructing dilemmas for oneself out of one’s current knowledge. Toulmin’s claim from the history of science is that exactly this habit of mind enabled the advancement of science. Darwin is an exemplar of this claim for he succeeded in making historical explanation—Darwinian histories—a respected approach to solving problems while at the same time constructing a new theory of modification with descent. For Darwin, the dilemma was the meaning of species. They had histories and histories taught that ancestors and progeny belonged to different species—a contradiction in the meaning of the term. Darwin, in Herbartian fashion, hypothesized how to remove this contradiction.


Darwin clearly understood that the network of propositions establishing the meaning of “species” presented a dilemma in light of the facts of biological diversity, biological breeding, biological affinity, biological distribution, and biological history. His contemporaries debated ideas about whether and how a species might transmutate into another or about whether and how species arose separately in their own geographic centers of creation. Until Darwin, conventional belief thought that species were immutable; after him, mutable—though theorizing and postulating transmutation certainly pre-dated his Origin (i.e, writing by his own grandfather, Erasmus Darwin as well as Larmarck). His resolution of the dilemma spawned an entire branch of science and a distinct explanatory method, the construction of a “Darwinian history . . . a narrative which traces the successive modifications of a lineage of organisms from generation to generation in terms of various factors, most notably that of natural selection. The main claim of the Origin is that we can understand numerous biological phenomena in terms of Darwinian histories of the organisms involved.” (Kitcher 1993, 20-21)


The advancement of science does not happen simply because clever people resolve dilemmas on their own. Scientists work in a community of shared purpose and language and their inquiries recycle understanding. Kitcher argues that rationality is a hallmark not only of the logic and evidence marshaled by an investigator, but is also an evolving attribute of the social structure of scientific communities: their meetings, associations, publications, and peer review. From this point of view modern feminist critiques of the problem of objectivity (e.g., Keller 1983) that ask, “Is it [objectivity] gendered?” contribute to the improvement of rationality within the community, despite bias and irrationality within the mind of a particular scientist. Individual bias varies; community rationality improves as a consequence of the evolution of institutional arrangements (peer review, scholarly societies, and critique by other fields). The authority of intellectual heritage produced through inquiry depends, it seems, upon scrutiny in a public forum. The science is in the debate, not the vote.


Instead of rallying partisans to defeat Creationism we ought to ask instead, “What are the difficulties and challenges presented by science that might present some learners with inordinate demands to change their thinking? Why do scientists contour the boundaries of meaning just so? (For example, the difference in meaning between living and non-living, forest and orchard, rock and mineral, gene and allele, melt and dissolve.)  Are these boundaries perceived as arbitrary and arcane or purposeful and productive? How far must different students journey, based upon culture, religion, personality, family values, personal aspirations, economic resources, social capital, and so on, in order to join the community of science? Who is engaged? Enchanted? Enfranchised? Disengaged? Disenchanted? Disenfranchised? Why?”
The burden of history as a context of scientific ideas

Science knows well how to serve the interests of racism and militarism. Non-scientists argued the proposition that all people were equally human both before and after the acceptance of evolutionary theory.  Frederick Douglass asserted exactly this point in a debate with the famed geologist, Louis Agassiz, whose position was:

The indomitable, courageous, proud Indian—in how very different a light he stands by the side of the submissive, obsequious, imitative negro, or by the side of the tricky, cunning, and cowardly Mongolian!  Are not these facts indications that the different races do not rank upon one level in nature? (Agassiz, cited in Gould, 1981, 46)


Douglass recognized that denying Africans (and others) equal rank with Europeans in nature constituted justification of grave injustice. He understood that the qualities that Agassiz faulted among Africans in America were the consequence of deliberate oppression:

I have found that, to make a contented slave, it is necessary to make a thoughtless one. It is necessary to darken his moral and mental vision, and, as far as possible, to annihilate the power of reason. He must be able to detect no inconsistencies in slavery; he must be made to feel that slavery is right; and he can be brought to that only when he ceases to be a man” (Douglass, 1962,  315).


Slavery and racism deny the common humanity of the peoples of the world. Both racists who embrace and racists who reject Darwin’s Origin and the role of natural selection have advanced theories of lower and higher races, of superior and inferior groups. Good science today would seem to offer them little solace; but people who know history know eugenics and know that supposedly scientific thinking buttressed Nazi genocide and American lynchings. Stephen Jay Gould has labeled the ranking of groups of people biologically as “irrelevant, intellectually unsound, and highly injurious” (1981).


Humanitarian, religious, and scientific thought are in agreement today: the laws of nature do not cause the misery of the poor, the squalid state of much of humanity, and the brutal hatreds of one people for another. Darwin was correct; “great is our sin.”
If the misery of our poor be caused not by the laws of nature, but by our institutions, great is our sin” (Darwin [1845] 2001, 525).


William C. Kyle, Jr. finds the failure of schooling to place science education in the context of social-empowerment and efforts to achieve social justice stunning. He claims that the current fetish with standards and addiction to cross-national comparisons of student achievement on narrow, technical measures are “theoretically impoverished and politically visionless” (2002, 4). He laments the “effective obliteration” of social and political process from the science curriculum. Substituting for it is the myth of steady, incremental, value-neutral, scientific, progress contributing to the betterment of life—and its concomitant triumph of technical merit in education. In his call for community-based science education to foster participation in democracy building he echoes the best of John Dewey’s work. For Kyle, globalization of markets and sustainable utilization of natural resources place responsibilities on science educators to promote “civic engagement, local governance, and ecological and social integrity” (5).


The agenda Kyle promotes exceeds the scope of this manuscript, yet the single, historical example of racism linked to the concept of species (“level of nature” in Douglass’ words) adds momentum to this direction. Evolutionary thought has social and historical antecedents. They are both noble and unpleasant. The nature of evolutionary thought is not synonymous with the nature of science and the nature of science is not reducible to set of generic methods for generating truth. Kyle would link the aims of science education more closely to the goals of human rights and social justice, thus enabling us to examine when and how modernization and economic development advance these causes. The manipulation of genomes and the alteration of habitats, evolution’s concerns at opposite endpoints of scale, figure squarely within the context of human rights and social justice. Equally importantly, as presented by Gould, evolution offers no empirical basis to racial prejudice. Agassiz’s judgments have been discarded along with remnants of thought that would legitimize the superiority of some groups of people over others on the basis of race. The potential to link the study of evolution to social concerns, not just to debate Creationism, is substantial.


In Guns, Germs, and Steel: The Fates of Human Societies Jared Diamond (1997) argued that climate and geography set the fates of different societies around the globe; not biology or accidents of intellect. Climate and geography determined patterns of food production and the evolution of disease; fate followed.

Not only at the surface of openly racist bigotry, but also deep in the psyche of polite white culture there lurks the suspicion that there is something about Europeans that we should admire, that this something bestowed upon them the entitlement of world conquest. If not biology, was it Protestantism and central banking? Judeo-Christian ethics? Ingenuity and technology adapted to cold climate? Restless spirit, plus sails?

Not so, in any way whatsoever answers Diamond. Just germs and pigs, cows and grass, and so on. Of course, he could be wrong and his theory certainly has limits. We must ask, “How good is his evidence?”  We might also profitably ask, “According to what logic has he composed his explanation? What form has his narrative?”  To which the answer would be, “Darwinian history,” applied to problems such as the origin of agriculture and the evolution of domesticated livestock.


For many cultures within this nation and across other continents there is no separation of science from mass murder, apocalyptic annihilation of peoples, the despoliation of nature, or the destruction of traditional virtue. Consider the political prominence of fundamentalist religion in all corners of the globe. People rejecting modernity—and the science that mid-wifed it—are not doing so because they are stupid. They know that science, in the hands of imperialists over the past 300 year, has wrought havoc and extermination to indigenous people, impoverished masses, and promised more of the same. We no longer can accept as convincing the extrapolation of evolutionary principles to social phenomena. We can no longer justify the exploitation of many by the few as scientifically authenticated progress consistent with a social version of the biogenetic law. Within school culture we insulate our views of science from these perspectives and preach objectivity, neutrality, factuality. Pronouncing something as “scientific” marks the claim as true and binding. Calling someone “unscientific” is to dismiss their thought as contemptuous.


At the same time science teachers truly are diplomats from a beloved nation of medical miracles, abundant agriculture, cosmic exploration, and microchip wizardry, so, too, do they wear the mantle of evil. The United States is the new Rome; a colossus striding the known world. Should we extend the presumed benefits of our way of life to the Central Asian republics in return for the right to exploit their oil reserves? How should we respond in Peru to the lament from oil exploration geologists that indigenous peoples reject the idea of laboring in new industries?


There was much to admire about Rome; its civilization inspired the rebirth of Europe. Rome promoted the rule of law, invested in public works, and fostered cosmopolitan values of citizenship. The worry is not that we have become Rome, but that we will blunder about full of good intention, unaware of our Roman responsibility (and culpability), always quick to congratulate ourselves on the riches our way of life produces, forgetting the expenses incurred, naively ignorant about the dimensions of our power and points of view in sharp contrast to our reigning ideology of competition and efficiency, mesmerized by fancy gizmos and fascinating stories (how dinosaurs became chickens, how whales walked) bequeathed to us by science and technology. We must keep in mind that “If the misery of our poor be caused not by the laws of nature, but by our institutions, great is our sin.”
The doctrine of dual respect
Many students, it seems, rarely appreciate the utility of science in a personal way and their teachers seldom treat science teaching as a cultural crossing. In a cultural crossing, language and story matter greatly; they ferry the meaning. When the crossing is too difficult, too threatening to personal identity, and too lacking in purpose, students resist.  They spend little effort attempting to grasp what they perceive as arcane and arbitrary or simply invest themselves only in the low risk strategy of memorization. They keep learning evolution safe, harmless, and trivial and never engage in the process of constructing an epistemic self-portrait.


Teaching science well requires a doctrine of dual respect: respect for the capacity of students to learn meaningfully and think intelligently as well as respect for the unsuspected layers of difficulty posed by the important concepts of science. Respect both the person and the idea. Witness even in a misconception the evidence of logic and imagination. Realize that the best anyone ever does is be “intelligently wrong.”  Think of concepts as onion-like, deeply layered with unobvious implications to their meaning. Keep in mind that the challenge of the learner is to grasp unobvious meaning; the task of the teacher, to make unobvious meaning less so, and through teaching help students improve upon their imagery for making sense of their experience of the natural world.


Teach in the spirit of invitation and work hard to establish a context of meaningful purpose. Struggle until your students feel the significance of the question in a meaningful way. Be vigilant in starting from potentially meaningful curricula. Acknowledge that concepts appear arcane and arbitrary without appreciation of their worth—the meaningful purpose they were invented to serve. Recognize that a cultural crossing into science depends upon appreciating diversity of purpose that the exchange of meaning goes in both directions.


Think of concepts as mental inventions, engineered for a purpose, put to the test of solving some problem, modified and extended based upon their success. Keep the problem in focus and teach the question.


Teachers peddle concepts; an intellectual technology. In science, technique and method descend from conceptual insight while at the same time prompting revision of concepts. Consider technology as adaptation, symbolic of understanding. Find profit in the metaphorical reversal of concept and tool: concepts as tools of inquiry and physical artifacts as embodiments of knowledge. Keep in mind that in science we value the relationship between what we know and how we find out new things; our inquiry recycles understanding to produce something new, and the new satisfies because it prompts more inquiry. The context of inquiry circumscribes the truth of its claims, leaving them always open to debate.


“The science is in the debate” (David Shepardson, 1999); “Scientists don’t do labs, they design investigations” (Phil Brady, 1992). Science values skepticism and wonder, often admonishing caution in believing what we wish to be true while offering something counter-intuitive and quite astonishing to trust. Science pursues a no-holds barred dismantling of the universe and does not promise to put Humpty-Dumpty back together again. It is simultaneously universal and particular, timely and timeless, local and global. It leaves pieces of reality scattered about, each utterly indifferent to our human fate, and each piece still dubious in its reality. Science scares us. It has no aim of offering comfort. There is no outside reference to check to see if we got our science right—no book of the right answers, only judgment about the goodness of the science, a bootstrapping process. We know we are inevitably wrong the more we learn the limits of each theory. We depend upon each other to be as intelligent as possible in addressing our error.

The right to be intelligently wrong

When a student claims that an elephant is both consumer and decomposer, the student is not wrong, only in disagreement with convention. The gut of an elephant is a community of decomposers; no creature is an individual organism unto itself. When Gregory Bateson asks, “What is an elephant’s trunk?” knowing that he asks this question as an evolutionist alerts us to interpret it as asking about its derivation genetically and its history phylogenetically. When Rudyard Kipling asks, “How did the elephant get its trunk?” he means the same question in only a limited way. Each may answer with a narrative, but the narratives are fundamentally different. 


When the teacher sees categories of thought not as brilliant discoveries, but as conventions of proven worth—as having utilitarian merit and outperforming their rivals in the context of solving significant problems—then the promise of liberating schooling from the oppressive nature of “right answer” science emerges. Be wary of school science, and refrain from blaming its victims. They often think as did, at times, the heroes they study. School science, in conforming to a storyline of science as an inexorable march toward truth rather than a tale of struggle among competing ideas and changing goals, misleads in ways that make the subject less human. To restore what sanitized science omits might encourage student confidence in their own thinking, holding out to them the promise of reconciling confusions of which they are only dimly aware.


For example, despite the triumph of “natural selection” as an explanation of species change, even our Elephant’s child, Darwin himself, harbored misgivings about its prevalence and power and continued to admit to the role of “use and misuse of parts” as a factor modifying descendants. He “was loath to let go of the notion that a well-used and strengthened organ could be inherited. For decades he had amassed evidence that tradesmen’s physiques were passed on—that blacksmiths’ children are born with hammering biceps” (Desmond and Moore, p. 617). He went further to theorize that during life “gemmules” arose within various tissues of the body in response to the conditions of life. These gemmules then migrated to the gonads and thus, during reproduction bestowed advantage on offspring. Gemmule-assisted descent would accelerate the pace of evolutionary change, giving natural selection a boost. Had blind mice this ability, with successive generations they would have acquired tails able to frustrate the most determined farmer’s wife.


Darwin leaned in this direction in part because physicists denied to him an earth ancient enough for the drama of evolution to play out fully. His contemporaries in physics presumed an initial molten state earth that had cooled, according to natural law, for 100 million years. With no knowledge of radioactivity, they were without suspicion of any mechanism that might have heated the earth during this long interval and hence invalidated the calculation. Intelligent people argued with impeccable logic—and reached the wrong answers about dating the earth and modeling inheritance. Individually, whether right or wrong, intelligence was not the issue. It took a community, organized to debate and conduct science, time to work through the merits of competing claims. In microcosm, classroom discourse ought to do the same.

Revisiting John Dewey

John Dewey characterized the challenge of reforming schooling as one of “pscychologizing” the curriculum: “Hence the need for reinstating into experience the subject-matter of the . . . branches of learning. It must be restored to the experience from which it has been abstracted. It needs to be psychologized; turned over, translated into the immediate and individual experiencing within which it has its origin and significance” (Dewey [1902] 1990, p. 200). Dewey believed that disciplines abstracted from their distinct inquiries resources that would advance the discipline’s agenda. In a psychologized context, knowledge was purposeful. The challenge to schooling was to translate subject matter into school curricula without losing the psychological aspect of purpose.

The tool for making this translation is posing questions, ones that translate the discipline into child interests. The question is the middle ground, the bridge teachers must construct between the complex identity of the learner and the hopeful promise of knowledge. The construction of questions connects personal meaning with public heritage. Learning is possible when a connection is made between a good question and an appropriate answer. What makes the question “good” and what makes the answer “appropriate” require effortful teaching. Rousseau’s “negative education” (today’s constructive neglect) may have a place, but only a restricted one.


The questions we have seen do not have to wait for children to ask them spontaneously. They probably will not and there are good reasons to place content before them that has significance of which they are not aware—evolution has been our prime example. We have seen how whimsical literature can start the process of translation engaging students in playfulness with questions and their possible answers.


When interest is the goal and exploration the means, many of the questions--and hence their answers--are unknown in advance. Some exhibits in science centers succeed simply by prompting interest and exploration. They point towards possible answers. Satisfaction emerges from exploratory experience that unveils patterns and establishes relationships that increase the child’s control over making interesting events happen. These exhibits conform to the first half of Augustine’s wisdom: free curiosity. They do not honor frightful enforcement, the second part of his wisdom, his acknowledgement of legitimate and necessary authority existing apart from the individual.


Learning evolution profits from playful exploration and requires formalized study. The heritage of disciplined inquiry constrains what individuals might choose to believe with good reason; natural selection, variation, and descent with modification are not up for grabs. In science, being judged correct by a jury of peers counts, of course, but so does explaining how the answer is obtained--justifying the knowledge. 


Overemphasis on the process of justifying knowledge at the expense of imagining the world leads to a very un-psychologized curriculum indeed. It elevates empirical and logical processes over linguistic and conceptual ones, stresses adherence to technique over the acquisition of imagery. Traditionalists support rigorous study and shy from freeing curiosity. Yet this rigor is a peril that can debilitate teaching and learning.

Debilitating rigor as a peril

Gowin (1986) eloquently captured this pattern of mis-educative practice: “There abounds a false idea of knowledge. This false view leads to a debilitating rigor. This obsessive rigor leads to a silencing: Questions of fundamental interest are forbidden. Therefore, questions not asked result in a false idea of knowledge. The cycle is safe and therefore popular.”  This is a debilitating cycle of misconceived rigor. In teaching evolution, it means that questions from many levels of pertinent context are missing: questions about Darwin’s motivation and life, questions about the connection between evolutionary thought and political philosophy, questions about the use of evolutionary thoughts as tools of significant inquiry.

The imperative of covering content in verbal form and mastering it through drill and not in the context of solving compelling problems silences student questions while devaluing their imagery and expression, thus birthing the false idea of learning as simply remembering. Belief in this false idea of knowledge offers reward to the complacent who earn praise while disciplining themselves to accomplish brutal levels of memorization, never questioning or appreciating the purposes or worth of the ideas they are expected to learn. The political community presumably directing the course of public schooling manipulates the rewards and punishments that foster this pattern. The pattern fails student learning and also debilitates the teacher’s right to teach for understanding.


Care must be given to keeping language from becoming coercive and authoritarian. Discourse that prioritizes formal terms void of tangible meaning and overrides student imagery and expression alienates students from their own experiences of phenomena. There is no harm in reading Morris the Moose in a biology class and using it as a springboard for discussion about the nature and limitations of evolutionary reasoning. From the point of view of a scientific discipline, knowledge serves a useful and compelling purpose. Week after week of students experiencing purpose as nothing more than a quest to memorize terms and facts succeeds in perpetrating a fraudulent representation of the subject. It will not do to substitute a work ethic for the intrinsic value of learning, nor to make fear of punishment (poor grades) replace direct interest as the source of motivation.


Some students experience schools as cultural interfaces that bring conflict. They experience the culture of schooling as alienating—as a threat to rather than extension of who they are in their home community. This is a preeminent risk of teaching evolution in particular and science in general.


The cognitive demands of a subject in turn create a second tier of potential alienation. This second tier (the cognitive one) of alienation becomes troublesome to the degree that students face demands to think in ways contrary to everyday insight, to organize experiences in very specialized ways according to purposes outside of their awareness, or to develop skill with rigorous deduction in symbolic form. These are preeminent characteristics of thinking in mathematics and science.


In essence, patterns of discourse descended from branches of disciplinary knowledge, especially in science and mathematics, may reinforce marginalization at school in general and hence amplify alienation. In their attempts to interpret or construct meaning, marginalized students may find themselves dually alienated: (a) cognitively from the application of personal experience to the challenge of learning, and (b) culturally from the resources of their community and its identity.


To update Dewey is to wed cognitively responsive and culturally responsive pedagogy. From a Dewey perspective, teachers must attend to making the ideas of a subject alive in the context of individual experience. Adding the challenge to teach in a culturally responsive fashion means examining the disciplines from the perspective of the cultural identity of the child and his or her community.


The cognitive approach anchored in the work of John Dewey with its emphasis on the need to connect personal experience to the resources for extending experience found within disciplines of inquiry does honor individuals. In fact, Dewey’s theorizing stresses the role of the self undergoing dynamic growth. Teachers should never treat students as anything other than valued individuals. The challenge to teachers is to build trust while attending to the problem of dual alienation—cognitive and cultural—as they skillfully assume the role of caring adults in charge of beloved children. What Kyle (2002) has suggested is that the standard curriculum merits little in the way of trust from populations who are alienated from the liberties, privileges, wealth, and security that others take for granted.


In conservative circles, what to cover—driven by testing directives—appears to have co-opted teacher discretion. In progressive circles, inquiry skill and science-as-process have co-opted the authority of specific subject matter. Both err, whether in placing a premium on recalling definitions or in preaching a gospel scientific method independent of context. Even the demonstration of comprehension by recognizing examples of concepts fails as a substitute for the development—and progressive differentiation—of concepts unless these concepts make explicit reference to the occurrence of physical events and learners have ample opportunity to examine their personal interpretations of these experiences. Emphasis on coverage that has no time for the imaginative development of conceptualization imperils meaningful learning and trivializes content.


The Gowin quotation appearing earlier in this section ends with the assertion that the cycle of debilitating rigor is popular and therefore safe. His assertion captures an element of truth yet voices a profound error. For those at risk of dual alienation, the debilitating cycle has a differential and doubly damaging impact. The debilitating cycle of misconceived rigor, the failure to teach responsively from both a cognitive and cultural perspective, is decidedly unsafe. Instead, it embodies a disturbingly dangerous form of violence that diminishes the soul of this nation, does harm to both spirit and intellect, impoverishes the future of innocent students, and saddens the hearts of heroic teachers.

Conclusion

Nearly one-thousand, five hundred years ago a famous Christian saint penned a statement that remains one of the most telling ever written about the process of education:

There is no doubt, then, that a free curiosity has more force in our learning these things than a frightful enforcement. Yet this enforcement restrains the rovings of that freedom. (Saint Augustine, Confessions [401] 1996, 29).


Saint Augustine’s endorsement of “free curiosity” appears again in the works of Rousseau, Herbart, and Dewey. His “free curiosity” characterizes the life of Charles Darwin. At the same time, Augustine did not dismiss “frightful enforcement”—what we might today call disciplined thinking. He knew not to trust freedom on its own, that freedom needed bounds. His statement reminds us of the need for balance between education based on exploration and education that conforms to formal structures; balance typified by Darwin at play as a youth and rigorously prepared to learn while voyaging on the Beagle.


Ideas with authentic authority ought to dominate formal education structures. Such ideas are tangible inventions of mind with clear domains of relevance. They prove their usefulness in the context of solving problems. They are centrally organizing to a body of knowledge and not reducible to a canon of processes presumed universal to science. We have used the case of evolution to make these points and underscored both its intrinsic and utilitarian value.


Programs that teach the nature of science and present science as method, process, and inquiry skill are valuable for their heuristic function. When find such approaches encroaching upon the territory of key concepts and tending to displace their imagery as central to the improvement of thought, a pause is in order. Heuristics must usurp content only in special circumstances and then with deliberate awareness.


There is a test to determine whether the subject of study is a heuristic or content: satisfaction. Satisfaction comes from rendering a phenomenon of interest intelligible, from extending one’s experience. Grasp of the meaning of natural selection extends one’s experience of the natural world. Learning a heuristic lacks an analogous emotional level of understanding; one can feel pleased that the heuristic is mastered, but not much more. Knowing how whales likely evolved or what happens to make stars change color have the element of “worth knowing in their own right” because this knowledge extends experience. The abstraction of experience in terms of important concepts builds connections among tangible phenomena. These connections become meaningful as knowledge of one phenomenon starts to magnify what is of interest among others. Events connect by virtue mental imagery. An “event-sense” of content results and having this sense of events satisfies. Meaning—the awareness that one event signals another—when grasped in one sphere leverages insight in another. Through such bootstrapping, we develop conceptions, use them to extend our experience, test them in new contexts, and learn to appreciate their worth.


There are emotional consequences and aesthetic pleasures from appreciating the history of life, wondering at its twists and turns, marveling at its endless inventive capacity, and being astonished with the utterly un-human ways others forms of life earn their living in the world. The forms of creatures common and rare adorn virtually every artifact in the designed environment. We decorate our homes with striking images of the natural world. We introduce children to dinosaurs and adopt predators as pets. We value our interaction with nature for aesthetic reasons more so than for intellectual ones; yet for those who pursue natural history in depth the two reinforce each other.


In puzzling out life’s ancestry, Darwinian histories take center stage and classical experimental design is relegated to special sub-categories of evolutionary inquiry. One can study the design of controlled experiments and learn to differentiate between dependent and independent variables. One can recognize the utility of operational definitions and acknowledge their need in a host of situations calling for studies leading to reliable predictions. However, not until and not unless the heuristic of experimental design has been translated to a purposeful context responsive to the demands characteristic of both a phenomenon of interest and an explanatory ideal does the heuristic have meaning. Furthermore, once the heuristic is translated into a tangible context, its idealistic simplicity slips away, replaced by the demands of complex reality. Why an experiment might matter, what conditions to keep constant, which ones to vary, and which ones to pay no attention to depend upon the conception of the phenomenon of interest. Principles of experimental design only go so far as a heuristic.


An empathic feeling for the phenomenon of interest and an aesthetic appreciation leading to an event-sense of things produce satisfaction more so than skill with technique. This is the satisfaction of understanding, the pleasant emotion that tells us we have overcome confusion and have in our minds a representation of events that we can inspect with confidence and that it “works the same” as the true phenomenon of interest. Heursitics complement, but do not substitute for, the mental imagery that guides thinking. Heuristics do not satisfy to the same degree as the whale’s tail and the elephant’s stories do. In the end, intrinsic satisfaction supersedes instrumental value. And this intrinsic satisfaction, the event-sense of the subject, resides in story form.


Universal heuristics are too often the compromise that builds political consent. At higher levels of generalization, at the most encompassing ends of abstraction, agreement comes easily. Who objects to depicting science as a search for reliable prediction? Who disagrees with the need for empirical evidence to back claims? Who opposes measurement and classifying as useful and necessary? Yet this agreement masks the fundamental difficulties of how to go about making predictions in specific contexts. This translation from abstract principle to tangible and workable approach for a particular problem is monumental and essential. Excessive attention to the universals detracts from the effort we must ultimately spend attending to the tangibles—the level where satisfaction and interest play out.


Important, satisfying, centrally organizing ideas rich with guiding imagery are found nested within many contexts. These contexts are biographical, social, historical, and political. They do not disentangle easily from personal identity and they carry burdens of association with many applications of their meaning. Education about Darwinism, meaningful learning of evolution, begins with playful collections of fossils, sketches of the limbs of creatures viewed at the local zoo, and inquiry about the behavior of pets. It continues with playful attention to language and conceptualization revealed in story-telling.


As this education develops, so too does the imagery that guides thinking: variation, mutability, differential survival, selection, inheritance. As education about evolution turns formal, it focuses upon the role of analogical reasoning, upon comparative anatomy and biochemistry, upon homologues. The contents of thought and the structure of thinking receive simultaneous attention while the siren’s call to cast all thought into the same mold is resisted. The structure of science education begins to elucidate the ways in which thinking in a particular context has adapted to the demands characteristic of the problem of interest. This context, in turn, finds relevance within others, with clarity of personal belief and attention to implications that cross subject fields finding ample time for discussion. The best curriculum reveals the explanatory ideals and agenda that define the disciplines—demonstrating in the case of organic evolution the nature, power, and limitations of Darwinian histories. Schooling never departs from caring adults instructing beloved children and always respects both the capacity of the learner and the complexity of the idea.
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