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Doctors make mistakes. Mistakes kill people. Economists and policy makers make mistakes. Their mistakes kill people. This is sufficient reason for mistakes themselves to be objects of scientific study. Error is inevitable in science, because the only way we have to study the unknown is to treat it like the known. This often works: things in the world are similar enough to make science possible. But sometimes they are different enough to make science necessary, when common sense is a poor guide and simple extrapolation can lead to disaster.

There are many kinds of errors: errors of muscular coordination during surgery, errors of judgments about patients on a scale of minutes to hours, dislike of a patient,  deficiencies of skill or knowledge, temporary weaknesses due to exhaustion and overwork or personal preoccupations, failures of communication and rapport, laboratory errors, errors in research of various kinds. At Harvard, Atul Gawande and Jerome Groopman have examined errors in clinical practice coming from the individual biases of practitioners, expectations about the patient or the symptoms, habits in their communities, pressures from insurers and drug venders, fear of malpractice litigation, exhaustion and overwork. We have developed methods to catch individual and momentary errors, methods which are incorporated in what we call “the scientific method”. We know that glassware has to be washed, that experiments need controls similar to the experimental group in everything we can imagine except the treatment, that the observer  and the patient can influence the outcome (hence the blind and double blind studies), that results might come about by chance (hence statistical testing) and that we must never, never divide by zero. We also know that any one institution or patient pool may have unique properties that might lead to wrong generalizations so that it is helpful to carry out multi-center studies, and that final reports should be reviewed by impartial peers. All of this helps to reduce the risk of idiosyncratic error. 
But none of it helps to correct the shared biases of whole communities of scientists or practitioners. These arise within cultures and subcultures and are so close to unanimously shared  that they seem to be common sense, the boundaries within which critical thinking is encouraged, but about which challenge would label you as out of the mainstream, quackish, a trouble maker, or at best irrelevant. My presentation  is concerned with these errors, conceptual errors that afflict a whole science or discipline. Among the major ones in the last century were:

The eugenics movement, with its classification of  intelligence and criminality by race.

The schema of human evolution that displayed, at the American Museum of NNatural History, a supposed evolutionary sequence from apes, through the racial hierarchy of the time, culminating in Nordic males.

The classification of homosexuality as a disease in the DSM, the handbook  for psychiatric treatment by the numbers.
The epidemiological transition, the belief that infectious disease had been licked in principle. This lead to the decision of our epi department to concentrate on heart disease and cancer while ignoring the resurgence of malaria, tuberculosis, cholera and the emergence of new diseases including Ebola, Nipah virus, Barmah forest virus, Venezuelan hemorrhagic fever, Ehrlichiosis, HIV/AIDS,Hanta virus and perhaps 30 or 40 others that were either unrecognized or geographically limited but escaped their boundaries, or true evolutionary novelties. 
We are now willing to confront infectious disease. But even at a leading northeastern school of public health a recent symposium on the erradication of infectious disease , the pharmaceutical industry was well represented, and molecular researchers were there, but no vector ecologists, medical entomologists, social epidemiologists or evolutionary biologists or systems theorists. There was also no analysis of the general vulnerability of deprived populations or a self-reflexive study of what determines the priorities and resources for Infectious disease research.. My objection is not to molecular research or the search for vaccines but to the monopoly of this strategy that guarantees unpleasant surprises in the future because we continue to be increasingly sophisticated in the small while militantly ignorant of the big picture.
The Green Revolution, which improved the ability of grasses to absorb nitrogen but depleted the water table, increased pests, promoted rural inequality, displaced chickpeas by wheat. The direct goal was reached, the collateral damage unexpected or “not my department”.
The Aswan Dam: an engineering triumph and  ecological disaster.

Specific medical recommendations: the Lipis loop for contraception, early oral anti-diabetics, over-screening for prostate cancer and mammograms.

In most of these cases, the innovation did what it was supposed to do, at least for a while, but the responses of nature to our interventions were ignored and

The uneven impact on different social groups living under  unequal conditions is rarely  a priority. The pattern to these errors is familiar: the posing of problems too narrowly, treating as static what is highly variable, taking as given what belongs on the policy table. They are the re4current biases of our scientific communities.
There are three major sources of community biases.

First, in our society knowledge is increasingly a commodity. Like more material commodities they are produced for sale, to make profit. But there is no necessary relationship between the economic value of a commodity and its usefulness for people. Utility may or may not be a selling point, but the image of utility is more directly important. This has enormous consequences, distorting the judgments as to what research is worth doing and how carefully it is scrutinized. Not all knowledge is equally commodified, so that we have an uneven pattern of deep insights and terrible blindness. The production of knowledge for profit results in fraud, suppression of information, exaggeration of the benefits and belittling of any harm caused by a drug or procedure. It it now well known that published research supported by the manufacturers of drugs are more likely to be sympathetic to their use. Therefore many medicines have relatively short half-lives, being released with fanfare and being  quietly a few years later. The tobacco industry is the prime case of this, but it is a regular practice of industry to mislead government and the public and resist regulation. Since employment is more likely in industry than in ecology, courses offered to prepare students for future jobs also skew the curricula of schools of public health. Intellectual property law deters sharing of half baked ideas and data. But most important, the domination of the health industries by corporations and the close collaboration of research and health promotion institutions with business and its foundations sets tight boundaries of legitimacy.
Medicine as a commodity gives priority to therapies over prevention, chemical therapies over social, environmental, and  life style changes, medical specialization over family practice. It also debases the quality of research and encourages the gutting of national health programs under the rubric of “health system reform”. Increasingly, knowledge has become intellectual property, a commodity to be developed or ignored, shared or hidden, according to considerations of potential profit, and scientists become labor power, to be invested in and discarded according to cost/benefit analysis. This simple fact of life has a determining influence on what is done or not done in science, what strategies are invoked to confront major problems and what approaches are rejected as “not mainstream,” “quackish,” “way out” or “political.” It is this context that it is necessary to question as well as participate in conventional science.
Second, the institutional fragmentation of knowledge in different schools and departments blocks the flowing of perspectives. Only in recent years have services such as Pro-Med include plant and animal as well as human disease. But medical, veterinary and ag schools are still separated geographically, their practitioners do not go to the same meeting or read the same journals. Yet the epidemiology of different species can be mutually informative and the whole ensemble of host ranges, spectra of  virulence, diseases shared across taxonomic groups, and the ease with which different kinds research can be done in each group, would enrich the whole.

Department barriers are also obstacles to intellectual coherence. Despite the increasingly common talk of inter-, trans-, multi- or non disciplinary programs, students are still encouraged to concentrate early within their own departments and faculty are usually evaluated for their contributions to their own department. 
The third source of community level error is the dominant philosophy, prevailing since the 17th century in Europe and North America. It is a reductionist  and static. Here I distinguish reductionism, a whole philosophical approach, from reduction as a research tactic. Reductionism asserts that 

The smallest parts of something are in some sense the most fundamental. Thus we give priority to molecular aspects of infectious disease at the expense of vector ecology, medical entomology, microbiology, parasitism as a general evolutionary phenomenon. Therefore we typically have successes in the small and immediate that are thwarted on the larger stage of evolutionary ecology. 

Reductionism asserts that causation is unidirectional, in a linear sequence from independent to dependent variables, so that it is caught by surprise by reciprocal interactions in feedbacks. Thus {INSERT PREY WITH PREDATOR}. We have no difficulty in principle measuring the predator and carrying out a regression analysis that allows us to predict the population level of the prey. It does not say anything about where the predator comes from or why pesticides sometimes increase the prey population. Now complete the feedback loop:{INSERT}.If we apply a pesticide to this system, it may very well increase the pest, as happened often in the green revolution programs. The reason for this is not that the predator is more sensitive to than the prey to pesticides. Rather it is a property of the network: The pesticide harms the predator by two pathways—directly through toxicity and indirectly through poisoning its prey. The prey is poisoned by the pesticide, but so is its enemy, so that it is reduced by one pathway but enhanced by the other and the net result may be an increase.
We can return to the predator/prey loop. What will the correlation be between predator and prey? If the outside world enters mostly by way of the prey, an increase in prey increases the predator so that the correlation is positive. But if the external acts directly on the predator, any increase in predator fit ness reduces the prey. Thus their correlation will be negative.  Now suppose that we did a mega-analysis of all studies of this species pair. Some may be have positive correlation, some negative, and some no correlation at all when the outside world penetrates the system through both variables.. When we average them all we may conclude that there is no demonstrable relation between predator and prey! An alternative would be to suggest that they are linked by a negative feedback loop. (An analysis of predator/prey correlations in agricultural systems gave us about 50% with no correlation, and 25% each of positive and negative. )

This suggests a general principle: wherever there is a negative feedback loop in a system (and all persistent systems have some negative feedback loops) we may find apparently inconsistent results. When we ask how climate change will affect mosquito populations, the pesticide model applies. Life might get easier for mosquitoes and yet they may decline, or conditions become more severe and yet mosquitoes may increase. Prediction cannot be based on the physiology of the mosquito alone but on the ecosystem in which it is embedded, and we cannot allow bioclimatology to be reduced to physical climatology because all organisms select, transform, define, and react to their environments in their own way. 
Physiological models may give inconsistent results for other reasons as well. An excitation of neurons also activates inhibitory neurons; inflammatory prostaglandins can act as precursors for anti-inflammatory prostaglandins, glutamate is a precursor of GABA although their neurological effects are opposite. This suggests a general hypothesis: systems persist within bounds because any perturbation such as a medication leads to opposing processes. This would carry us into the domain of bio-mathematics, a field distinct from biostatistics, which is lacking in most Public Health programs.

The prevailing reductionism discourages the telescopic vision which could ask things like, if we have to confront a high level of uncertainty now, how do other organisms do it? How has 2 billion years in varying environments affected the strategies of adaptation? We have found five modalities: detection and response; prediction; broad tolerance; prevention; and mixed strategies,  that might be useful for our thinking. Among the important uncertainties, what if the age of anti-biotics, the less than a century during which the dominant strategy was chemical, is merely a successional stage in the history of our relations with the microbial world? How might we make use of other approaches based on evolution and ecology? Some possible directions:

Treat severe infections curatively and mild ones palliatively, so that natural selection would favor the survival of microbial strains that are less virulent and we would direct their evolution toward commensalism.

Many pathogens are highly organ-specific. Cancers are very specific types of tissue. Could we develop microorganisms to specifically attack cancer cells? They should probably be DNA viruses that mutate more slowly to escape our constraints.
Fungal diseases are relatively uncommon in people but are major and diverse pathogens of aquatic organisms. These generally lack memory immunity but defend themselves in other ways. So a good guess for a source of protective molecular types against fungal diseases would be among fish and marine invertebrates.

These are possible lines to follow in an ecological/evolutionary program for public health that could complement molecular approaches as part of a mixed strategy.

Reductionist bias also leads toward an exaggerated reliance on genetics in the search for the causation of cancer. Sandra Steingraber describes how when she was first diagnosed with bladder cancer in her 20’s she was questioned extensively about who in her family had cancer. There were many such cases, and the doctors nodded sagely until she dropped her bombshell: “I was adopted!” Research on the industrial causes of cancer are downplayed because they cannot be turned readily into marketable commodities but only lead to regulation of industry. Students of nutrition exam how to feed the poor on 13 cents a day with all kinds of ingenious supplements, but their reports do not discuss land reform. And even the most integrated currents of alternative medicine stop at the skin, ignoring the social context of our epidemiology.
Social context includes the issues of vulnerability that affect different communities unequally. It is here that we introduced Schmalhausen’s Law: systems at the boundary of their tolerance, in extreme or unusual conditions, are more sensitive to almost everything that happens. This is seen in an increased variance among vulnerable populations. In the U.S., which ignores class, we can get at it indirectly through SES or race. Across cities grouped by size, the variance in health outcomes is greater for Afro-Americans than for whites because with lowered homeostasis, small differences in conditions have more lasting effects.

In order to catch these systemic, conceptual biases we have to step outside of our own specialties and professions. There are four ways to do this. 

We can step outside our disciplines. Genetics and sociology will have very different takes on racial differences in disease prevalence. Plant pathology and epidemiology look at outbreaks differently. Neurobiologists and social psychologists will have different takes on rage. Veterinarians can see trends across animal species.

We can look at our own discipline in other countries. France has lower rates of caesarian deliveries and hysterectomies than does the U.S. New England has fewer cardiac implants and surgeries than Florida, Canada has less heart surgery than the United States.. There are many regional differences in styles of treatment not based on scientific evidence.

We can look outside the professions altogether and see what the environmental justice movement, Breast Cancer Action, the Women's Community Cancer Project,  the mothers of Woburn, Massachusetts and other neighborhood groups, anti-pesticide coalitions, organic agriculture organizations,  and others have to say about environmental causation of disease. When physicians or people close to them get sick, this experience sometimes remakes their view of things and leads them to abandon that grim separation of thinking from feeling that is the pride of scientism but that causes so much harm in the world. All this can inform our examination of error. Two tools are especially useful in navigating the unexpected labyrinths of the complex systems we deal with: mathematics and dialectics. The mathematics of nonlinear dynamics and networks shows us the sources of counterintuitive outcomes. Qualitative mathematics (a surprise to many who see mathematics as the epitome of quantification) provides formalizations that can educate the intuition so that the obscure becomes obvious. Dialectics offers a critique of the philosophical biases that thwart our science, an approach to scrutinizing the state of our fields in the light of its own history, social relations, and economics, and an embrace of complexity as a prime object of interest.
Finally, we can recognize the need for applying the tools of our science to ourselves. A small group at the school working on the history and sociology of our sciences could identify the biases that afflict our professions, question why the current bandwagons dominate our thinking and efforts, and devise a viable strategy for public health.
There will always be error in science. But it would be tragic if we keep repeating the same errors of following fashion, fragmenting knowledge while talking of complexity, of ignoring context and history, accepting as fixed boundary  conditions what is merely current, and working to the agendas of the corporations. Rather we could break with common sense of commodified science to the extent our different situations permit, look at even our best institutions critically. In working on even the smallest problem, always ask “where is the rest of the world?”

And never let the boundaries of our jobs become the boundaries of our minds or commitments. 
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