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Everyone knows that genes and environment interact; that we are a combination of nature and nurture.  But what do people do with this knowledge in this “Age of DNA”? Some authors portray the environment‘s role as primarily a trigger for actions that are genetically programmed (Ridley 2003) or claim that scientists have now shown that genes contribute a greater share of the interactive mix than people used to think (Pinker 2002). Genetic research is still widely promoted as the way to expose the important, root causes of behavior and disease and as the best route to effective therapeutic technologies.  And the media continues to give significant coverage to scientific claims that inborn traits determine what is possible for individuals and render egalitarian social policies and actions unjustified or ineffective (e.g., Herrnstein and Murray 1994). 

At the same time, there has been a long tradition of critical commentary on claims about the relationship of genetic inheritance to social inequalities.  Notable contributions have been made by biologists, historians, philosophers, and other researchers—some of who have written for Science as Culture and its precursor, Radical Science Journal—see, e.g., Devlin et al. (1997), Gould (1981), Lewontin et al. (1984), Young (1985).  In this essay I attempt to stretch this tradition of critical commentary on genetic determinism by playing around with two complementary questions about the possibilities for changing the development of people’s lives and the directions of scientific development.  Both possibilities, I will assume, are of interest to readers of this journal.

The first question builds on the essay’s title:  What can we do in light of what scientists know about genes and environment in the development of individual lives?  The question is deliberately ambiguous—what we can do will vary depending on who “we” are, which “scientists’” knowledge we follow, and whether “we” take responsibility for maintaining or changing the status quo.  For example, if we were social policy-makers who listened to behavioral geneticists’ claim that IQ is mostly inherited and if we assumed that inherited traits are hard to change, then we might conclude that we can do little to change inequalities in educational achievement.  If, however, we listened to scientific critics of genetic determinism who argue that “genetic” does not mean “unchangeable,” we might feel more responsibility for reducing educational (and other) inequalities. Yet it would remain far from clear what exactly we can do.  A brief example will illustrate this last point and lead to my second question.

Many teachers about biology in its social context—myself included—invoke the case of phenylketonuria (PKU) to demonstrate that "genetic" does not mean unchangeable.  Until the 1960s people with the PKU gene always suffered severe mental retardation.  But now the brain damage can be averted through detection of newborns with high levels of the amino acid phenylalanine followed by a special phenylalanine-free diet.  Yet, as Diane Paul's (1997) history of PKU screening shows, the certainty of severe retardation has been replaced by a chronic disease with a new set of problems.  Although screening of newborns became routine quite rapidly, there remains an ongoing struggle to secure health insurance coverage for the special diet and to enlist family and peers to support PKU individuals staying on that diet.  For women who do not maintain the diet well and become pregnant, high levels of phenylalanine adversely affect the development of their non-PKU fetuses.  A more complex picture of development in a social environment is needed for anyone to make use of the knowledge that the fate of individuals with the PKU gene is not determined at birth.  Moreover, if “we” are people who want to contribute to improving the lives of people affected by PKU, we need to consider where we are prepared to get involved—around insurance policy, ethnic diversity in diet, support groups for PKU individuals, measures to promote dietary compliance in teenagers and fertile women, services for babies affected by their PKU mothers, and so on.

 Even in a case (PKU) where the condition has a clear-cut link to a single changed gene, the socially conditioned pathways of change in behavioral or medical conditions over individuals’ lifetimes—their biosocial development—have to be taken into account to know the various things different people can do.  My second question then is the complement of the first:  What do we need to know to be able to do something about the development of individuals given their genes and environment? In broad terms my answer is that learning more about how researchers unravel the complexities of the processes of biosocial development for specific conditions exposes more things people who want to change the status quo can do—more points of potential engagement with research, policy, and wider social practice.

In this spirit, I introduce three fields of research into biosocial development that might not be well known to readers—gestational programming, life events and difficulties, and reciprocal causation models—and show how these complicate the biological determinism debate (second section).  These fields move in quite different directions and so, if we explore the contrasts or tensions among them, we will see more that researchers might investigate (third section).  Both questions—what do we need to know and what can we do—can be further illuminated through interpretation of science in relation to its social context (fourth section) and through reflexivity in the ways each of us might use critical commentary to influence the dynamics of science and its applications—to help change the “culture” of science in this area (the final section).  In particular, I suggest that critical commentary and genetic determinist accounts have tended to share a view of social action as overarching change effected by some superintending agency, analogous to the breeding and growing of plants and animals in agricultural research.  I consider a more reflexive view of critical engagement in individual and scientific change that cannot be read off some general-purpose commentary or scientific analysis.

To set the scene for these different forms of critical commentary, let me begin by summarizing the traditional opposing accounts of genetic determinism put forward by behavioral geneticists and their critics.

TRADITIONAL ACCOUNTS OF GENETIC DETERMINISM

Behavioral Genetics

The field of behavioral genetics attempts to identify the contribution of inherited factors on specific behaviors and on general psychological measures, most notably IQ.  The field uses statistical tools to estimate "heritability" of traits measured for populations of related and unrelated individuals.  These tools were developed in agriculture so that plant and animal breeders could estimate how predictable the crosses of different genetic types or "varieties” would be.  In such “quantitative genetic” research no genes or DNA are actually studied; the variation among the individuals represented in the particular data set is subject to the statistical “Analysis of Variance” or related analyses.  Heritability is said to be high if, after one calculates the averages for varieties over the environments in which they grow, the variation among the averages is a large fraction of the total variation among the individuals.  In plain terms this means, among other things, that the rank ordering of the varieties for the trait in question changes little from one environment to the next.

Questions had been raised about earlier studies of humans that compared twins raised apart versus in the same household, but the credibility of this line of research rose in the late 1980s, riding on the results from the Minnesota Study of Twins.  The later research made use of more careful methodology and larger samples.  Significant heritability (up to 50%; occasionally higher) has been found for standard psychological measures and many other behaviors, including divorce rates, male homosexuality, and depression (Bouchard et al. 1990, McGue and Lykken 1992).  Moreover, the component of the variation that is not counted in the heritability measure appears to relate less to the shared family environment than to within-family differences among siblings.  This finding has elicited a great deal of speculation about the causes of such variation (Bouchard et al. 1990, Plomin 1990, 118ff) and further investigation of within-family differences in upbringing (Hetherington et al. 1994).  

A more recent line of research in behavioral genetics has involved the search for sites on the genome that make a contribution, in combination with many other sites, to the trait in question.  This research has been subject to methodological critique and several retracted or non-replicated claims and researchers express varying degrees of caution and confidence about the power of their methods to yield reliable results (Aldhous 1992, Science 1994).

Scientific Criticism of Genetic Determinism

The main points of scientific opposition to the field of behavioral genetics and the field’s contribution to genetic determinist views about human social behavior have been that:

• important behavioral genetic analyses have been based on flawed methodology and unreliable data (Kamin 1974, Devlin et al. 1997).

•  in the case of an individual, genetic causes cannot be partitioned from environmental causes.  Much confusion on this score arises from the use of the terms “heritability,” “genetic,” and “environmental” without flagging that these are technical terms related to the statistical partitioning of variation within a specific population (or group) of individuals subject to a specific range of environments (Lewontin 1974);

• given that heritability is population- and environment-specific, it is not logically or empirically related to differences among the average values of populations nor to difficulty of changing the trait in question (Lewontin 1982, 131-3; Block 1995);

• behavioral geneticists are aware of the preceding two points, but rarely incorporate them into their interpretations and on-going research (Schiff and Lewontin 1986, 220-222).  For example, they quickly discount (Plomin et al. 1990, 350)—or do not even mention (Bouchard and Propping 1993)—results showing that the IQ of adopted children, although correlated with that of their birth mothers, is on average significantly higher; and

• environmental or social factors can influence psychological traits, IQ, and other measurable behaviors greatly, as indicated, for example, by the effect on IQ of adoption up the socioeconomic scale (Schiff and Lewontin 1986) and by the Flynn effect–the steady improvement of IQ scores in most countries from one generation to the next (Flynn 1987).

Behavioral geneticists seem to have difficulty dealing with changeability, an observation that has elicited political interpretations of their science, especially when invoked to cast doubt on policies that might reduce or ameliorate the effects of social inequalities.   Yet behavioral geneticists have often portrayed themselves as the ones confronting entrenched ideological commitments.  In popular accounts, they are portrayed as struggling for recognition of scientific results against an orthodoxy in social science from the 1960s and 70s that, purportedly, denied the influence of biology and held IQ and other psychological traits to be quite malleable (Pinker 2002).

Indeed, some critics of genetic determinism, while appreciating the bullet points above, have expressed a sense of vulnerability around what new research might reveal.  Stewart (1979), for example, asked what would happen to their critique if a methodologically tight study demonstrated a clear DNA-behavior connection in the etiology, say, of schizophrenia in some sufferers (see Gottesman 1991 for a balanced review).  The tighter methodology and results in behavioral genetics of the 1980s and 90s can only add to such concerns.  Furthermore, significant caveats are now attached to the cases, such as PKU, cited to demonstrate that change is quite possible.  Woodhead (1988)—to give another example from a different realm of research—has described the range of contextual factors that contribute to sustaining the effects of early educational interventions, such as Headstart programs in the USA.   Nevertheless, such complexities might help critics of genetic determinism feel less vulnerable, for they point to many concrete things that different people can do.  That positive spin depends, however, on learning about ways researchers can unravel the complexities of biosocial development.

MORE COMPLEX APPROACHES TO GENES AND ENVIRONMENT IN DEVELOPMENT

In this section I introduce three fields that analyze complexities in the development of behavioral and medical conditions over an individual's lifetime.   The overviews to follow are brief (see Taylor 2003 for diagrams that amplify them), but they should be sufficient to stimulate discussion about how to know more about biosocial development.  Notice especially that the fields challenge both sides of the debate summarized in the previous section—one of them, for example, suggests a biological determinism that is not genetic.

Gestational Programming

Several research groups, most notably Barker's group at the University of Southampton, have located data on body size and body shape at birth for cohorts of individuals and related these data to diseases arising in these individuals later in life (Barker 1995a, 1998, Scrimshaw 1997). Associations have been found between nutritional deficits during critical periods in utero and diseases of late life, including heart disease, diabetes, and death by suicide.  The associations stand out even after allowing for confounding associations between socioeconomic status, low birth weight, and adult diseases.  It appears that, through "gestational programming" of biochemical patterns and cell distribution within organs, disease susceptibility can be inborn.  The origin of this inborn susceptibility, however, is environmental, not genetic. 

Within epidemiology, gestational programming was initially subject to critical commentary (Paneth 1994, Paneth and Susser 1995, Kramer and Joseph 1996) and then to confirmation by former sceptics (Frankel et al. 1996).  A major objection was that gestational programming did not explain temporal trends and international contrasts in coronary heart disease.  For example, heart disease rose in countries like Scotland, Finland and Norway, where birthweights have not been low, but have been among the world’s highest.  Work on Finnish data suggested ways to resolve such apparent inconsistencies.  After tracing the ways that modernization plays out over a number of generations, it turned out that women who were born small, but who, with increasing affluence, became overweight for their size, tended to have thin offspring who, although well nourished, had higher risk of heart disease (Forsén et al. 1997).  Barker's group now examines such contingencies and combines their findings with mechanisms of low growth rate during different periods of pregnancy (Barker 1995a) and with factors related to body weight and growth in childhood and adult life (Barker 1998; see also Frankel et al. 1996).  Fetal physiologists have now become very active examining the embryological changes for which body size and body shape at birth are imprecise proxy variables.

Challenges to traditional accounts of gene-environment interactions: Behavioral genetics uses research design and analyses that rely heavily on the independence of environments for twins separated in infancy (Bouchard and Propping 1993).  The findings of gestational programming indicate that separated twins have significant shared environments, namely, the gestational environment.  Behavioral geneticists may, therefore, need to reconsider their interpretation of high heritabilities for behavioral differences and the method of twin studies may have to be reevaluated.  With respect to the question of environmental influences experienced by biological or adopted siblings, the shared or non-shared gestational environments also need to be taken into consideration. 

We now face in gestational programming a biological determinism that has clear environmental causes—once individuals have experienced the adverse nutrition regime as a fetus, they are predisposed towards the corresponding diseases of older age.  Should we view these findings of gestational programming favorably, or develop a critique, equivalent to that directed at behavioral genetics, that highlights the fatalism of these findings?

Life Events and Difficulties

Another line of research from England, initiated by the sociologists Brown and Harris in the late 1960s, investigates how severe events and difficulties during people's life course influence the onset of mental and physical illnesses (Brown and Harris 1989a, Harris 2000).  Brown’s early research involved relapse of schizophrenics, but the most sustained research in this tradition involves explanation of depression in working-class women.  For a district of London in the early 1970s, Brown and Harris used wide-ranging interviews, ratings of transcripts for the significance of events in their context (with the rating done blind, that is, without knowledge of the whether the woman became depressed), and statistical analyses.  They identified four factors as disproportionately the case for women with severe depression: a severe, adverse event in the year prior to the onset of depression; the lack of a supportive partner; persistently difficult living conditions; and the loss of, or prolonged separation from, the mother when the woman was a child under the age of eleven (Brown and Harris 1978, 1989b).  A reconstruction of Brown and Harris' work by the developmental psychologist Bowlby (1988) suggests how the different aspects of class, family, and psychology can build on each other in the life course of the individual (Figure 1; see also Taylor 1995; Harris 2001, 19).

----INSERT FIGURE 1 HERE----[Caption: Figure 1.  Life development pathways to severe depression identified in Brown and Harris’s study of working class women.  The dashed lines indicate that each strand tends to build on what has happened earlier in the different strands.  See text for discussion and sources.]

Let me give some simplified and over-generalized examples of such cross-connections: In a society in which women are expected to be the primary caregivers for children, the loss of a mother increases the chances of, or is linked to, the child lacking consistent, reliable support for at least some period.  (Bowlby added his own speculation about early childhood "attachment" problems.)  An adolescent girl in such a disrupted family or sent from such a family to a custodial institution is likely to see a marriage or partnership with a man as a positive alternative, yet such early marriages tend to break up more easily.  Working-class origins tend to lead to working-class adulthood, in which living conditions are more difficult, especially if a woman has children to look after and provide for on her own.  And, in these circumstances, accidents and other severe events are more likely.  When there is no supportive partner a severe event is more likely to trigger the onset of depression (see also Brown and Moran 1997).
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The English life events and difficulties methodology attempts to integrate "the quantitative analyses of epidemiology and the [in] depth understanding of the case history approach" (Brown and Harris 1989a, x). (In the United States, in contrast, conventional checklist surveys still dominate the study of associations between life events and illnesses; Brown and Harris 1989a, x-xi; Brown 1989.)  The case history interviews allow events to be analyzed in relation to their context.  For example, the death of a relative after a long illness has a different meaning from the sudden death of a relative on whom one depended for financial or emotional support.  The methodology has been applied for many illnesses, including heart attacks, disorders of menstruation, and multiple sclerosis, but most commonly for psychological disorders.  Different contributing factors are identified in different illnesses, which is to be expected, and the results are not always as clear cut as in the 1970s London depression study.  The amount of variation not explained by the analyses leaves room for further inquiry into differential vulnerability and refinements in the methods for discerning the significance of past events.

Challenges to traditional accounts:  When behavioral geneticists refer to the effects of the environment (or lack thereof), they envisage the possibility of finding correlations between the trait studied and distinct environmental factors.  This is also the case when critics of genetic determinism point, for example, to the effect on IQ of adoption into a higher socioeconomic status family.  The analyses on the two sides differ mostly around whether the factors are shared by all in a family or not.  (Although Sulloway 1996 works outside behavioral genetics, his examination of a within-family difference for scientists, namely, their birth order, also relies on analysis of correlations.)  Life events and difficulties methodology goes beyond correlational analysis by teasing apart the sequence of events in different individuals' lifetimes that render the individual vulnerable or protected from proximal causes that provoke onset (or recurrence) of the condition in question.  In this way, Life events and difficulties research addresses malleability or immalleability of behavioral outcomes without, in principle, requiring that genetic contributions are either ruled out or privileged as explanatory factors (Taylor 1995).

Models of reciprocal causation of an individual's developing traits and environment

"Reciprocal causation" models of IQ development have recently been proposed to reconcile the high heritability figures reported for IQ (Neisser et al. 1996) with international data that consistently show large increases in average IQ from one generation to the next—up to 25 points (Flynn 1987).  The proposed models allow for both observations through a matching of traits and the changing environments in which traits develop (Dickens and Flynn 2001).  Such matching would occur when the higher IQ child either seeks out or is provided with experiences beyond those in a standard school setting that are "cognitively enriching.”  Matching means that small differences at birth can be amplified, especially if every individual's environment follows society-wide trends that result from many other individuals' changes.  Furthermore, the environment can play a significant role without lowering heritability and without taking the form of a single (yet-to-be-identified) "factor-X" that could account for the gains from one generation to the next.

Plausible parameters inserted into reciprocal causation models not only yield high heritability and generational gains, but also allow for decay of IQ gains after Headstart and other short-term enrichment programs (i.e., non-matching environments) end.  It should be noted, however, that particular sets of data have yet to be fitted to the models or used to discriminate among alternative forms of reciprocal causation (Loehlin 2002).

Challenges to traditional accounts:  Behavioral geneticists are confident that high heritabilities within certain populations and large IQ differences between the averages for racial groups (as defined socially) are connected by reason of the groups differing genetically and genes being the primary determinant of IQ.  They see no plausible environmental factor that differs among groups and could account for the average difference.  By the same reasoning, however, large gains from one generation to the next (Flynn 1987) would have to be based on genetic changes in the populations.  This reasoning must be faulty, however—the changes are too large for a time span of only one generation.  To the extent that reciprocal causation models are able to explain intergenerational gains without invoking a single factor-X, they challenge the focus of behavioral geneticists on genetic explanations of IQ development and of variation among groups at any given point of time.

Critics of genetic determinism highlight the logical fact that high heritability does not prevent changing the trait in question through some change in the environmental conditions.  Nevertheless, even though their own logic says changeability does not hang on the magnitude of the heritability, many critics have worked hard to expose flaws in studies that show that heritability of IQ is high.  Yet once it is recognized that reciprocal causation models allow high heritability and a significant role for environmental conditions, critics need not contest every high heritability estimate.  Instead, their emphasis could shift to exposing and counteracting the self-fulfilling quality of the matching posited in reciprocal causation models.  After all, there is nothing in these models that dictates that "cognitively enriching experiences" must be channeled only to those whose slightly higher initial IQ might lead them to seek out such experiences on their own.

CONTRASTS THAT EXPOSE FURTHER ANGLES FOR RESEARCH

My earlier summary of scientific criticism of genetic determinism makes “critical commentary” seem like dispute or debate between opposing ideas.  However, when I identified ways that each of the three approaches to biosocial development in the previous section challenges both behavioral geneticists and critics of genetic determinism, I had in mind an additional connotation of “critical,” namely, placing ideas in tension with alternatives in order to understand them better.  In this spirit, we could extend critical commentary to include the various ways each of these approaches challenges the other two given their differences in questions, concepts, methods, and findings.  (“Challenge” here refers more to advancing the research than to disputing it.) In this section I sketch some avenues for using contrasts or tensions among the approaches to stimulate our thinking about what more researchers could attempt to find out about biosocial development.

Gestational Programming.  To the extent that life events and difficulties research seeks to account for more of the variation among individuals who experience comparable life events, it may be productive for it to incorporate the effects of gestational nutrition.  Gestational programming and life events and difficulties research, as well as behavioral genetics, have examined heart disease (Forsén et al. 1997, Neilson et al. 1989, Ewart 1994, Barker 1995b), so this would be an obvious locus of comparison among the approaches.
In the same way that gestational programming has begun to resolve some inconsistencies among findings in different countries, reciprocal causation could also address the historical contingencies of social change in different countries.  (In this vein Woodhead 1988 summarizes studies explaining how the IQ increases produced by Headstart programs tend to be transient yet in the long term the children end up with significantly higher high school graduation rates, employment, and many other socially valued measures.)

Life Events and Difficulties.  As indicated earlier in the case of Finland, gestational programming research has been resolving apparent inconsistencies by incorporating the contingencies of changing gestational conditions from one generation to the next.  In this work, as well as in attempts to incorporate factors from childhood and adult life, it could be productive for gestational programming researchers to address the findings and the case history approach of life events and difficulties research.

Although reciprocal causation models include a series of steps in an individual's development over time, each step is still formulated in terms around correlations of distinct, pre-identified factors.  In contrast, life events and difficulties factors emerge after events are rated according to their significance or meaning to the individuals in their specific contexts.  An equivalent context-sensitive method may help develop reciprocal causation models to a point at which they can be fitted to particular sets of data and these data can be used to discriminate among alternative forms of the models.

Reciprocal Causation models.   For certain physical conditions, such as heart disease, the effect of gestational environment can separated from later life experience, but to account for the unexplained variation among individuals, especially in the cases of IQ or behavioral conditions, the reciprocal causation during an individuals' life course may need to be incorporated.

When life events and difficulties researchers focus on explaining the onset (or recurrence) of the condition in question, the unexplained variation leaves room for further inquiry into differential vulnerability.  The relationship between personality and subsequent severe life events invites attention to cycles of reciprocal causation, which may, as reciprocal causation models assume, amplify small initial differences.

INTERPRETATION OF SCIENCE IN ITS SOCIAL CONTEXT

Critical commentary on scientific research that us invoked in support of genetic determinism forms a small, but significant part of the “culture” of research in the area of genes, environment, and development.  It is also possible for critical commentary to take the form of interpretation of science in relation to the social context in which it is produced and applied.  Indeed, this is the dominant emphasis of social and cultural studies of science.   Let me identify a number of angles that could be pursued in developing interpretations of the science discussed in this essay.

Interpretation could begin by chronicling the intellectual history and current concerns of the gestational programming, life events and difficulties, and reciprocal causation models.  A history and overview of the questions, concepts, methods, and findings of those approaches would surely expose much that is pushed into the background when scientists and boosters of biotechnology claim that sequencing DNA and determining the traits' genetic bases is crucial for understanding of diseases or the development of normal traits.

A second interpretive angle would be to locate the three approaches in the context of an “environment and development counter-current” to the dominance of genes and genomics.  Since the early 1990s several scientific fields have been bringing the environment and development, in different variants, back into the picture.  In evolutionary biology, a great deal of attention is now given to the plasticity of phenotypes across a range of environments (Sultan 1992).  Developmental biology, filling the gap between genes and the characters they shape, has been experiencing a renaissance.  Although the field still focuses mainly on embryological development, the influence of the environment is now acknowledged even for those early stages (van der Weele 1995, Gilbert 1997).  Behavioral genetics, once firmly directed towards establishing the "heritability" of traits, now highlights the effects of "non-shared" environmental influences, i.e., those not experienced equally by members of the same family (Hetherington et al. 1994).  Among such non-shared influences, Sulloway (1996) has argued that birth order may be a key factor in explaining conformity to or rebellion against authority in intellectual and other spheres of social life.  In trying to make sense of these and other new ways scientists are conceptualizing the "environment” and “development,” many questions arise:  What meanings are given to the terms, and how have these changed over time and in response to criticism? What is measured and what is explained?  What methodologies are employed for collecting data and making inferences?  What is the status of the different natural and social sciences involved?  How are these colored by past and present associations with political currents?  

(These lines of questioning also point to a different level of critical commentary, one that scrutinizes the dominance of genetics as a subject matter in social and cultural studies of science. Much light has been shed on the history, semantic complexity, politics, ethics and other dimensions of genetics, but very little interpretive scholarship concerns the sciences of, for example, educational interventions or psychological development.  Why, in general, has the environment and development remained under-examined and construed in simple terms in social and cultural studies of science?)

Interpretation of the three approaches could be extended further by examining the dynamics of research and of scientists negotiating what counts as knowledge.  We could ask how the research is funded and organized?  How are the methods and findings received in the scientific community and in society more broadly?  How do the scientists respond to or resist criticisms of their work?  How do they use metaphors and rhetoric to sway their audiences?  A variant of this is to draw broad correlations between scientists' ideas and the actions that the ideas facilitate, that is, to interpret the science as building in the social action favored or privileged by the scientists (Taylor and Buttel 1992; but see Taylor 1995 for a more complex account).  In this vein I have begun to see commonalities between behavioral genetics and criticism of genetic determinism in so far as both sides build into their analyses a view of social action as overarching change effected by some superintending agency.  Let me sketch this interpretive angle.

The quantitative tools used by behavioral genetics have their origins in agricultural research.  Plant breeding research and its recommendations to farmers can be effective without knowledge of biophysical causes involved in the pathways of plant growth and development and the ways these pathways are affected by the different “treatments” (e.g., levels of fertilizer applied).  All that is required for the researcher or farmer to cause the desired yields is to have control over which varieties to interbreed or plant and the ability to replicate environmental conditions.  Yet, the genetic and environmental control that makes this model of causes useful in agriculture usually fails when humans and their environments are concerned (Scott 1998).  Nevertheless, the control/replication model still shapes debates between behavioral geneticists and critics of genetic determinism.  In criticism of genetic determinism the conceptual point that heritability does not mean unchangeable is often illustrated with thought-experiments that involve well-defined varieties of plants all grown in the same nutrient deficient environment before they are all shifted to a uniform nutrient rich environment (Lewontin 1982, 132-3).  Moreover, when critics of genetic determinism address the conservative policy implications drawn from heritability research, they posit intelligence-boosting environments that American society has not yet explored (Lewontin 1970).  Likewise, when behavioral geneticists say they cannot find factor-X's in the social environment that correlate with differences among means for racial groups, they have been proceeding as if there could be something about American society that treats each racial group uniformly and differently from other groups.   For both sides, then, there ends up being little that can be done—absent a socialist or eugenicist transformation of society—under a model of causes that assumes control and replication.  Ironically, serving as apologists for current social inequalities is an interpretation critics of genetic determinism make of those they criticize.  What more can we do to disturb such an interpretation of ourselves?

REFLEXIVE ENGAGEMENT

We could address the “what can we do?” question by pursuing some of the angles of commentary and interpretation identified in the previous sections, and hope thereby to influence research, policy, or wider social practice.  It is also possible, however, to delve more self-consciously and reflexively into the particular social dynamics with a view to identifying points of potential engagement for oneself and others (Scott et al. 1990).  Such points of engagement are often specific to the individuals in their context and are provisional—subject to ongoing modification in light of responses to engagement and other changes in the individual's context.  In this spirit, let me mention four modest examples from my own work-in-progress in this area.  My intention is not to convince readers of the power of these forms of engagement—I would need to complete more work in these areas to attempt that—but to stimulate readers to draw and explore analogies in their own situations.

Teaching.  When teaching graduate and undergraduate courses on biology in its social context I have used the case on depression from life events and difficulties research to move discussion beyond the genes-environment dichotomy.  After presenting Bowlby's reconstruction of Brown and Harris's analysis (Figure 1), I add a hypothetical genetic-biochemical strand, in which the developing individual is more (or less) susceptible to the biochemical shifts that are associated with depression.  Although early diagnosis and lifelong treatment with prophylatic antidepressants could reduce the chances of onset of severe depression, there are many other readily conceivable engagements, such as quick action to ensure a reliable caregiver when a mother dies or is hospitalized, contraceptive education for adolescents, increasing state support for single mothers, and so on (Taylor 1995).

In a follow-up activity I have had students take the picture of multiple points of engagement in cross-connecting strands and extend it to their own development as future scientists or health care professionals.  They try their hand at diagramming the life course that brought them to attend the kind of course I was teaching, which allows them to reflect on the contingent intersections of outside influences and their own agency.  In short, at the same time as students are introduced to more complex causal accounts in science, they are asked to think more deliberately about the complex causal connections that may shape their future work in science (Taylor 1999).  

Stimulating interaction among areas of research.  I am in the process of learning more about the fields of research gestational programming, life events and difficulties, and reciprocal causation models with a view to making in-depth contributions to critical commentary and social interpretation.  During this investigation I have begun to bring each approach discussed in this essay to the attention of exponents of the other approaches.  I am noting the researchers’ immediate responses during interviews and plan to keep track of subsequent developments, if any, in their analyses and discussions of genes and environment in development.  This material could flesh out the potential challenges identified in the previous section at the same time as it reveals more of the dynamics of scientific change—or resistance to change—and the potential for critical commentators to influence the directions researchers take.

Deriving insights from comparisons.  Commentary on any of the three approaches would constitute a project in its own right.  My decision to investigate all three means I will cover them in less depth, but the compensation should be that contrasts among the approaches can enrich the discussion about the complexities of biosocial development, methods of research to reconstruct processes of development over time, and the location of those approaches in relation to their social context.  I want to understand, for example, research on life events and difficulties (as Brown and Harris analyze it) has a long history in the UK, but has never become well established in the USA, while gestational programming, which also originated in the UK, took off in the USA in the late 1990s.  Responses to reciprocal causation models are only beginning to emerge, but these should also be revealing given that this area involves a new contribution by a key figure in the area of IQ and heritability, Flynn.

Exploring implications of different underlying models of causes.  In the discussion of social interpretation above I identified an (unrealistic) assumption of control and replication that seems to be shared by behavioral genetics and criticism of genetic determinism.  In contrast, significant statistical patterns can be interpreted as invitations to search for underlying causes that are not equated with the “treatments” created by the experimental researcher.  In agriculture this would mean unraveling the biophysical causes involved in the pathways of plant growth and development under various treatments.  In research on human behavior the search for underlying causes would mean piecing together the biosocial pathways of growth and development of the persons in particular conditions.  Because behavioral geneticists and their critics cannot have the control available to agricultural researchers, alternative causal models that do not assume control and replication might yield more insight, not only about existing observations, but also about potentialities for change.

The idea of piecing together causes making up the biosocial pathways of growth and development of individuals in particular conditions is evident in research on life events and difficulties.  (It is also the case to an increasing extent in gestational programming research.)  Recall the life events and difficulties method: subjects are interviewed in depth to produce detailed case histories of life events and difficulties; the seriousness of events in the transcripts are rated with reference to context (but without knowledge of whether the subject became ill); and statistical analyses are used to identify combinations of proximate and background factors that distinguish ill from healthy subjects.  The results are used to raise further questions and inquiry.  For example, Brown and Harris (1978, 271) found that a supportive, confiding relationship with a partner had an effect in protecting a woman from developing depression after experiencing a severe event.  They suggest, however, that the effect "might have little to do with confiding as such but with, say, the way she is able to think about the marriage and value it."  Suggestions of this kind have led to an active interplay, characteristic of life events and difficulties research, between statistical analysis of past case histories and design of interviews and rating schemes for further studies.  More recently, research designs in this field have begun to include interventions, such as home visits by volunteer conversation partners (Harris 2000).

In short, research on life events and difficulties indicates that it is possible for sociologists and biologists to expose interesting things about the complexities of biosocial development of human traits (as does gestational programming analyses of particular epidemiological patterns, Barker 1998; see also Kuh and Shlomo 2004).  To do so requires, it seems, an approach that does not posit society-wide factors, but attends to contingency of development and its meaning in particular contexts.  I want to suggest that we can extrapolate this perspective to our attempts to influence the dynamics of science and its applications.  That would mean having to pay more attention to the complexities of the pathways of development of particular social and scientific agents—the researchers whose work we want to influence and ourselves as those attempting to have an influence on research, policy, and wider social practice.  Are we in a position, say, to associate with behavioral geneticists long enough to see where they are open to changing their methods or to entertaining the challenges that gestational programming poses?  Are we in a position to add specificity to our idea that biology does not dictate what is possible for individuals and for society—could we support PKU women in maintaining their diets, or volunteer as conversation partners, or provide cognitively enriching experiences for children who are disadvantaged by the educational system, or…?  Such questions are of a more practical quality than those raised by the broad political accusations that accompanied earlier criticisms of genetic determinism.

In this essay I have avoided using the common term “interaction.”  It seemed too loose a concept to allow for a multifaceted picture of critical commentary that would include: contrasting different approaches to biosocial development; social interpretation of the emerging environment and development counter-current in research and of the control-replication model of causes implied in earlier debates; and exploration of particular, practical questions of what each of us can do as critics of genetic determinism.  In this last respect I am also pointing to the limitations of critical commentary.  The appropriate points of engagement for any particular critic cannot be read off some general-purpose commentary or analysis.  Nevertheless, I hope that the multiple angles of commentary and points of engagement teased out in this essay serve to show readers that there is a lot more we can do and a lot more we need to know in critiquing genetic determinist claims about the limitations of what people can do to change the status quo. 
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