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Abstract:

Range and limits of science are given by the universal validity of physical laws, and by intrinsic limitations, especially in self-referential contexts. In particular, neurobiology should not be expected to provide a full understanding of consciousness and the mind. Science cannot provide, by itself, an unambiguous interpretation of the natural order on the philosophical, cultural and religious level. The diversity of interpretations, however, appears as a positive factor of cultural dynamics. Historically, the revival of the philosophy of nature in the Middle Ages included particularly remarkable thoughts such as those of Eriugena, Thierry of Chartres and William of Conches. In this essay, some basic issues of modern biology – the distinction of man and animal, the evolution of human mental capabilities, the physics of the universe as precondition for biological evolution, and the intricacies of the brain-mind-relation - will be discussed. They are open to agnostic as well as religious interpretations, the individual choice being mainly a matter of wisdom and not just of knowledge.

*This is an English translation of my article (in German):

Wissenschaft, Religion und die deutungsoffenen Grundfragen der Biologie (2009), Preprint 388, Max Planck Institute fort he history of science, Berlin. (also online in philpapers).
Introduction
Only a few decades ago, most intellectuals in Western society expected that in the foreseeable future scientific rationality will overcome religious ideas, pre- scientific myths, stories, and doctrines, and this not just in our society. For other cultures it was also expected that with the worldwide distribution of modern science and technology, western rationalistic criticism of religion will dominate. What actually happened is just the opposite, at least in global dimensions: the importance of religion increases.
   Rules and habits of the scientific community have also changed. Formerly religious aspects were not touched in scientific discourse at all, and in the philosophy of science only with reluctance. Nowadays, however, this seems to be “in”: A well known biologist started his recent seminar with the statement:” I am a materialistic atheist”. On the other side of the spectrum of convictions there are the creationists – although I never met a single person of this belief. 
   When I now talk on “Science and religion”, I do so with a remnant of doubts as to whether this is an appropriate topic in the context of science, but also in a friendly attitude towards religion, and with a thorough dislike of fundamentalism of any type.
   Let me now come to our topic. In Western societies the achievements of science casted doubts on teachings and dogmas of tradition, thus promoting religious scepticism; but they also revealed, especially in the 20th century, limitations of scientific thoughts in principle, by reflecting their own pre-conditions by their own scientific means. This, then, resulted in a somewhat more open view on religious interpretations; the religious understanding of the order of nature as God’s creation, and of man as image of the creator in a mental, creative sense – creative in his brain – is fully consistent with scientific facts and logical thought. In this way, we may understand why the order of nature is accessible to human reason to such unexpected extent as demonstrated by the history of science. Accepting such correspondence of scientific and religious reasoning is, however, only an option, not a must. It is not surprising that many scientists are critical of religion altogether when they focus on fundamentalists in general and creationists in particular; but atheist beliefs are themselves often not free of fundamentalist, intolerant and dogmatic attitudes. One example is given by the books of Dawkins, another one by a forum at the Salk Institute in 2006, documented by the New York Times with a manifest by the Nobel Laureate of physics, Steven Weinberg. “The world needs to wake up from its long nightmare of religious belief….Anything that we scientists can do to weaken the hold of religion should be done and may in the end be our greatest contribution to civilization” (1).
   In fact the enlightenment of the 18th and the beginning of the 19th century made it clear that religious traditions cannot disprove scientific facts. This is meanwhile widely accepted in mainstream Christian theology. The subsequent enlightenment of the (primary) enlightenment made it clear, however, that science cannot disprove religion either, at least not in their enlightened versions. The attitude toward religion is essentially a matter of wisdom and art of living rather than of science, and depends on individual, social and cultural conditions; therefore we expect agnostic and religious worldviews to co-exist in the long run.
Neurobiology, human nature, and limits of decidability

For a long time the topic “evolution” dominated discussions on the relation between science and religion, but by now neurosciences became the new focus; there are authors calling themselves neuro-philosophers, neuro-economists, and even neuro-theologians – often presenting exaggerated claims and unrealistic expectations. More often than not, one is dealing with neural correlates of phenomena and relations that are well known already. What can we actually expect from observing and measuring neurobiological processes in the human brain correlated with religious thoughts, emotions and experiences? Even without computer-tomography it is evident that all this is accompanied by processes in the brain; and human capabilities that chimpanzees don’t have must be based on differences in brain processes. Further, socio-biological research indicates that religion can strengthen social coherence, subsistence and survival of human groups even at the stage of hunters and gatherers; this implies that development and persistence of religious capabilities in the human brain can be understood in terms of evolutionary biology. And yet it would be misleading to assume that such insights could completely explain – or even unmask – religion.
   We may explicate this point by discussing one of the deepest and most general philosophical issues that influence our intuitions pro or contra a religious worldview: Does there exist an order of the world, the mind, the things even without us, and we with our evolved brains managed, in recent millennia, to understand all this by and large…, or is this order, in the first place, a construction of human minds that would not exist al all without us human beings? Was the essence of the natural order created by God at the beginning of all things, as seen in a religious interpretation, – or did it actually arise, without God, only in the brains of human beings in very late stages of biological evolution? These are subtle “meta-theoretical” alternatives that cannot be decided by analysis of processes accompanying philosophical or religious thoughts in the human brain.
   Similar problems have long been known in other contexts, for example in mathematics: Are there five, and only five, Platonic bodies, are there prime numbers – according to mathematical proofs an infinite multitude of prime numbers – independent of human brains? Does the beautiful symmetry of the basic equations in the theories of relativity and of quantum mechanics reflect  the order of nature, or only our human thoughts and its wishes? One can argue endlessly about these questions, but we could certainly not arrive at a decision by analyzing our brain activities by computer tomography while we calculate, think or argue…And there is the analogy with the fundamental questions about religion mentioned above: Is there an order of the world, the things, the thoughts only by and in us - or without and before us? This could not be resolved by neuroscience in principle.
   Despite such limitations science contributes very much to our human self-understanding. This includes basic insights into the biological origins of our species. The last branching separating men and animals occurred, in evolution, some six million years ago. A most important genetic development occurred some 200 000 years ago when, presumably in a small group of human beings, the present, anatomically modern man appeared. This Homo sapiens eventually replaced all other branches of humans in all inhabited continents. Which genetic changes were crucial for this development is not yet known; possibly very few changes were decisive for upgrading capabilities of the human brain towards a higher level of abstraction. In any case, the biological initiation – or strong extension – of capabilities of the human brain then led, since at least 40 000 years, into the dynamics of human cultural history with its very wide and yet biologically restrained spectrum of realization. 

   In this context, it is essential to keep in mind that the capabilities of homo sapiens exceed by far their evolutionary origin. This is relevant for the features of consciousness, language and potentials of religion. An analogous logic of generalisation is known in other domains such as technology: The invention of the wheel as a wooden disk for primitive vehicles did not encompass the whole spectrum of potentials of the concept “wheel”: the potter’s wheel, the ball bearing, the screw propeller, the yet engine, the prayer wheel…

   Beyond such insights of biological anthropology, it is modern science that demonstrates the astonishing range, but also the intrinsic limitations of human thinking (2).  The basic laws of physics encompass all processes in space and time, including those of life, but there are also intrinsic limitations of determination, measurement and prediction, limits which are themselves laws of nature. And then somewhat analogous limitations were discovered for  mathematical logic, particularly in self-referential contexts: It was demonstrated that no sufficiently “rich” formal system allows for a proof of its consistency by its own means - no exclusion of contradictory statements.
   Further, there are in my view fundamental limitations for a purely scientific explanation of human consciousness. The validity of physics in the brain and the correlation of physical brain states with mental states do not imply that there can be a general algorithm  to “decode”, with finite means in finite time, all essential facets of the psycho-physical relation. Concerning the consistency of human thought, it appears that self-contradictions may be unavoidable particularly in self-referential contexts, and this is most relevant for our “self-images” as constitutive features of human consciousness.
Cultural dynamics, tolerance toward contradictions, and openness of theological thinking for the “book of nature” in the middle ages

   Living with contradictions – an age old subject. Thus a colleague working on cultural history told me, answering my question about the most important problems in his field: How much contradiction is a culture able to tolerate? This is convincing, but history also demonstrates the complementary aspect, how much contradiction is necessary for a culture. For cultures and subcultures, for religions and practical philosophies there is a broad spread of potential pathways for development. Avoidance of contradictions cannot be ideal. Though analogies between biological and cultural evolution are not to be overestimated, they do exist when it comes to the key role of variants. Cultural dynamics requires variants, not only in practical issues, but also in basic pre-assumptions, and an openness of the mainstream towards changes of its prevailing attitude. This can be decisive for a success of new cultural trends.
   The early history of Christian religion is a good example. Wide variation of basic views is documented already in the New Testament which is everything but logically consistent. Wide variation was a precondition for the astonishing growth in the early phase. A small eschatological community grew into a Main Player competing for cultural dominance in the entire Roman Empire.
   Christian rules were short – love God and thy neighbour – and their practicing was fairly flexible. And then there was an increasing openness for ideas of Greek popular philosophy, especially of the Stoa (In the beginning there was the Logos…), and also elements of Hellenistic-Oriental cults as that of Isis. However, the expectation of a new Realm of God did also cause cultural stagnation, with a neglect of all efforts to understand our transient real world. What Augustinus called curiosity, and what we would call philosophy of nature, was repressed. Only when it became obvious that the end of our real world was postponed there were indications for a pro-scientific change in philosophical and theological thought: Human understanding of nature is the will of God, and the “Book of Nature” may be almost as important as divine biblical revelation. An independent, but nearly simultaneous development of Hellenistic rational thought occurred in the Islamic domain in Baghdad and Basra. 
   In Europe, an early pioneer was the ingenious Irish theologian Eriugena, working in the 9th century at the court of Charles the Bald. He was inspired by Neo-Platonic philosophy. According to Eriugena, hell does not exist, it is only a metaphor for absence of salvation. At the end of time, there is salvation for everybody, including the sinners. God wants man to be free: No determinism, but anthropological optimism. Reason is of higher value then authority. “Any authority that is not confirmed by true reason appears as weak; true reason does not require confirmation by acclaim of some authority”. As far as scientific knowledge is concerned: God has endowed us with reason so that we can strive for understanding nature: “The divine authority does not only refrain from inhibiting, it even encourages investigation of the reasons of visible and invisible things”. In this effort, mathematics is helpful. The world view of the Bible is to be taken metaphorically. “There are many ways – in fact an innumerable variety, to understand the Bible”. The biblical description of creation is a subtle metaphoric story for understanding the underlying principles – in these principles God has created everything at once. And the earth is not a disk, but – of course – a globe, the size of which is as determined by Eratosthenes on the basis of mathematical concepts. So far Eriugena in the ninth century! (3). 
   Eriugena was a singular ingenious protagonist. Full dynamics of natural philosophy was initiated only later, especially in Chartres and at the University of Paris in and after the twelfth century, with much freedom of ideas and a wide spectrum of thoughts. According to Thierry of Chartres who lived 700 years before Darwin, God created, in the beginning, the elements and the laws of nature, and then life developed by itself according to the natural laws. William of Conches, at the same time, insisted on the natural origin of the human body and accused backward theologians who believe in the literal sense of the biblical stories “they do not know the power of nature; they want to find companions of their ignorance, and they do not want others to investigate…” God’s order of nature as recognizable by the human mind implies God’s restraint in intervening with natural processes. Can God the Almighty change a tree into a calf? William of Conches’ reply: He can do it, but he does not do it.  The “Book of Nature” adds to the “Book of revelation”; philosophy of nature attained autonomous status. “When I investigate nature, I am not interested in miracles” – wrote Albertus Magnus.
   It was such new thinking at the periphery of the spectrum of philosophical and theological thought that eventually opened the path towards modern science. Certainly science owes much to the liberation from constraints of religious conditions, but this liberation by itself could not have led to modern science, say in the South Pacific between Samoa and Port Moresby. To the contrary: Modern science is clearly an offspring- though often an obstinate, difficult and rebellious child – of Christian cultural tradition including its Jewish and Hellenistic roots. This is valid, in particular, for electricity. It was understood and developed in Europe, not in China, in centuries of basic research, especially in the generations between Guericke’s early experiments on frictional electricity in the 17th, and Oerstedt’s and Faraday’s fundamental discovery of electro-magnetism in the 19th century. Such basic research and the necessary patience for generations depended last not least on the idea that the order of nature is God’s revelation, and its investigation is for God’s honour, Gloria Dei. “The honour of God, further knowledge about medicine, and the resulting benefits for men” is the purpose of the first German academy founded as Academia Naturae Curiosum in 1652, later called Leopoldina and now the German national academy. Even the rather late foundation of the university of Bonn in 1818 declares not only human wellbeing, but primarily the honour of God as its purpose. Without such motivation, protection - and such excuses (!) – basic research could not have developed over centuries; under auspices of cultural history, electricity from the wall plug is, in a sense, a Christian technology.
Basic biological issues open to interpretation

   As mentioned above, religious arguments cannot disprove scientific knowledge, but science cannot render religion as obsolete either. Science cannot resolve all meaningful questions, not even those questions that concern the pre-conditions of sciences themselves – the relation between the mental and the material, between knowledge and reality, brain and mind, logic and intuition….On the meta-theoretical level science is open to interpretation. In this context, proximity to theological issues is no criterion for scientific truth, nor is its distance to theological thought. And yet, scientific knowledge is intuitively related to theological as well as agnostic attitudes, but this cannot lead to conclusions that everybody can accept. As important examples I will discuss some topics of scientific discourse that play a role in favour or against agnostic, or religious, ideas.
What makes the difference between men and animals? 
   Let us first address the relation between evolution and the image of man. How much does our species differ from higher animals? Generally, it depends on the perspective whether differences are seen as big or small. Lovers sometimes compare girls with flowers although this comparison is rather far fetched, whereas others warn us not to compare apples and pears although they are closely similar. Materially the physics of men and animals is equal. Their chemistry is very similar. Genes of men differ from those of Chimpanzees by about one percent of the nucleotides in the nucleotide sequence of the genome that specifies the genetic features. This allegedly small difference, however, is rather trivial: Men and great apes branched off in evolution some six million years ago, and every million of years, some 0.2 percent of the nucleotides change. And one percent in six million years is no small value, it means thirty million nucleotides! The most important difference between men and apes is the capability of the brain, especially with respect to meta-levels of information processing. It seems difficult to teach an ape what “the day after to morrow” means. Eighty men can co-operate for a book on “what is man?”(4), but a group of eighty monkeys under an umbrella acacia would hardly communicate on “what is an ape?”. Such meta-levels of brain activities are essential for human consciousness, and characteristic for the higher functions of the human brain. 
   How did these capabilities arise in evolution? How continuous did human evolution proceed, especially in the last phase that led to our present species Homo sapiens? This is not yet known. Intuitively, agnostics tend to postulate: As continuous as possible – not only many very small steps, but also only unspecific steps, no rare events. They are certainly right in claiming that there were exclusively genetic steps with small effects only – one of the fundamentals of Darwinism. And they are also right in claiming that many unspecific steps may very well give rise to qualitative novel features – for instance, the formation of clouds on an initially blue sky – but this is by no means the only possibility.

   In the course of many generations in large populations, there occur, statistically, also such genetic changes which are very rare per individual, but which can than function as a change of direction into a qualitatively novel path of evolution, to be elaborated subsequently in many further steps of mutation and selection. I presume that rare novel combinations of regulatory parts of the genome could be involved in brain evolution when new meta-levels of information processing characterizing human beings were “invented” in evolution.
   In some – not in all – respects the two principle “accumulation” versus “novel combination” are also found to be realized in a different context, the evolution of technology (5). For sail ships, quantitative effects were dominating – bigger sails, more masts, more sails per mast; for steamboats it was the combination of the steam engine and the hull of the boat, that was successful only after James Watt had developed steam engines with great perfection in another context, namely for mining. We should not be too surprised that the evolution of higher human capabilities required fairly elaborated partial capabilities of our evolutionary predecessors.
The anthropic question: Why is the physics of the universe bio friendly?

   Even more important than the distinction between men and animals is, theologically, the “anthropic” question: Why is our world bio-friendly, why does it give rise to conscious beings? In this context we do not take the so-called creationism serious – it is a theology that neglects enlightenment altogether, and the theory of evolution holds although it does not correspond to verbal stories of the bible. This is meanwhile recognized by most theologians. Now, however, creationist groups in the United States make use of the seemingly neutral concept “intelligent design” in order to indirectly imply repeated interferences of God with natural processes. This is not in accordance with science either, that explains the evolution of species without such interferences; but now agnostics take up the touchy term  “design” to reject it in fields beyond evolution. There, however, one can no longer draw on hard scientific facts as in the explanation of biological evolution where there is undoubtedly selection between real randomly produced variants. Why, than, should we refrain from asking how far and in which respect the natural order itself is intelligible and thus “intelligent”, and why and how it could produce, in the material universe in the course of billons of years, life and eventually life with mind.

   Even the most elementary forms of life are based Carbon chemistry which, in turn, depends in a subtle manner on the structure and the constants of physics. Higher forms of life require mechanisms of extremely fast, complex and reliable processing of information by billions of nerve cells processing electric signals. These features of “mind from matter”, as Max Delbrück called it, again depend in a very sensitive and specific manner on the details of physical laws in the universe.
   Why, then, are these laws as they are such that mind from matter can be produced? According to religious interpretations, this is the will of God. In agnostic terms, it has to be explained without religion, and in its most extreme, but also most consistent form, it is claimed that there is an enormous number of different universes, and ours is just bio-friendly by chance. Ours exist because there is virtually nothing that does not exist. However, this notion has a severe drawback: There is no method to proof or disproof the existence of other universes, and modern science, especially quantum theory and the theory of relativity, demonstrated that within physics, questions that cannot be resolved in principle do not make sense – physically real is only what is knowable on the basis of scientific criteria. The belief in “multiverses” is not for everybody, and it does not explain why there is something at all, and not nothing….
   Therefore, to me, the following version of the anthropic principle appears to be the most reasonable: “The scientific order of the real world , one among the multitude of logically conceivable orders, is such that life, and life with mind, can evolve, and this principle is in itself a meta-law of nature”(6). With this concept – the real universe is a universe that can be recognized from inside in principle – one can be, and remain to be, a strict atheist; and yet the logic of the concept is also rather consistent with the notion that it is God’s will to be recognized in the wisdom of creation. In any case, we find, for the basic issues of human evolution, by now the ball on the playground of physics, and the self-referential aspects of the anthropic problems are such that we can hardly expect our guesses to avoid assumptions and pre-rational intuitions.
Human consciousness: Are there limits of scientific explanation? (7)


   Last not least the topic “science and human consciousness” is of high theological interest. Consciousness is a feature, a function of our brain; this, in turn, is a product of biological evolution following the laws of physics. We do not yet understand what consciousness really is, but there is progress in scientific knowledge. This one expects to lead, eventually, to a far reaching neurobiological and thus physical understanding of human brain properties – such views suggest agnostic interpretations. But do not the discoveries of Gödel and Turing on principle limits of formal logical decision and calculation cleary show that conscious human thought cannot determine and control its own predicaments in principle, that it depends on preconditions which cannot be subsumed under formalizable thought? Let us ask the protagonists of logical-mathematical decision theory themselves: Gödel says “yes” in principle – there will always be pre-conditions that cannot be formalized - ,Turing “no” – no limits for artificial intelligence -, Nagel and Newman, authors of the classic “Goedels proof”, “yes”, Hofstaedter, author of the bestseller “Gödel, Escher, Bach” again “no”, and this in a few lines of his voluminous book. This is the summarizing information of the article by Hodges (8) in Nature. Evidently, the protagonists disagree on the main question: How important is irreducible intuition for human thought? Their answers seem to be, again, intuitive.
   There are, in my view, strong reasons in favour of “important”. Consciousness is not only object, but also the precondition of science, and this concerns the aspects of our thoughts and feelings that connect the material and the mental. This is evident in science as product of culture with its claim of explaining the material nature by simple and beautiful laws. How can human thinking arrive at the beautiful, simple, but very abstract formula E=mc2, only to see it confirmed in the material nature in many ways? Explanations in terms of brain evolution under conditions of hunters and gatherers are not easy to find. Such enigmas, then, can give rise to religious questions. “Science without religion is lame, religion without science is blind – said the discoverer of E=mc2, Albert Einstein. When he mentioned God by and then, he saw “the old one” metaphorical as the essence of the natural cosmic order, but he did not believe in a personal God. The founder of quantum physics and discoverer of quantum uncertainty, Werner Heisenberg, was in this respect somewhat more positive. Alluding to the importance, but also accepting the unavoidable vagueness of terms like consciousness and soul, he recalls a conversation with Wolfgang Pauli about religion: “Can we communicate with the central order of all things and events - about which there can be no doubt - as directly as we can do with the soul of our fellow man?  If this would be your question, I would reply with yes” (9). A wide field with many open questions…..
Resume: Agnostic and pro-religious worldviews will co-exist in the long run – we are free to choose

None of the lines of thought we discussed above provide strict proofs in favour of agnostic or religious ideas. However, informal associative relations do exist and are affecting cultural dynamics. Generally a wide spectrum of interpretations is essential for dynamic cultural development. In this, social wellbeing requires that within religious as well as within agnostic lines of thought the liberal and tolerant lines prevail over fundamentalist and dogmatic ones. This view is supported by a main point of this article: namely that human thought, including scientific thought, despite all its achievements, cannot completely dissolve all the ambiguities on the metatheoretical level. In contrast to ideas of fundamentalists, whether belonging to the religious or to the atheist wing, the world allows for more than one interpretation, and we have good reasons for assuming that this ambivalence is unavoidable. Philosophical, religious and cultural pluralism is expected to persist in the long run. We are free to choose, and it is not just knowledge, but also wisdom and art of living that matters. We learn to live with contradictions and inconsistencies, hopefully relaxed and not without humour, between as well as within cultures, perhaps even within our own mind. 
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