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Preface

The purpose of the Greer-Heard Point-Counterpoint Forum in Faith and Culture is to provide a venue for fair-minded dialogue to take place on subjects of importance in religion or culture. The goal is a respectful exchange of ideas, without compromise. So often in our contemporary culture, the sorts of issues that the forum addresses stoke the emotions, and consequently, the rhetoric is of such a nature as to ensure that communication does not take place. There may be a place and time for such preaching to the choir, but minds are rarely changed as a result of such activity—nor are better arguments forthcoming. The result often is that what passes for argument is really nothing more than a prolonged example of the straw-man fallacy. One of the consistent fruits of the forum has been the realization that disagreement does not have to be shrill or heated in nature, and that one does not have to check one’s convictions at the door in order for respectful dialogue to take place.
 The format of the forum changes from year to year, in accordance with the subject matter of the forum and the preferences of the headline speakers. Most years are more dialogue than debate, but some years are more debate than dialogue. The 2014 Greer-Heard Point-Counterpoint Forum was clearly structured as a debate.
 The subject of the 2014 forum was “God and Cosmology” and featured a debate between Christian philosopher William Lane Craig and atheist cosmologist Sean Carroll. In some ways, the subject “God and Cosmology” frames a fundamental question of human existence: “Why is there something rather than nothing?” Or put more personally, “Why am I here?” Of course, this question can be asked with more than one sense in mind. It can mean “What am I here to do?” or “Where did I come from?” And, of course, these questions can be answered in more than one sense as well. However one understands them, or however they are answered, these questions are surely important.
 The dialogue took place February 21–22, 2014, in the Leavell Chapel on the campus of the host institution, New Orleans Baptist Theological Seminary. The chapel was filled with an enthusiastic and appreciative crowd. Approximately 900 people filled the Leavell Chapel to hear the exchange. Both Craig and Carroll are widely respected as leading scholars in their fields, and the debate was spirited, but civil, and at times, punctuated with good-natured humor.
 Along with my introductory chapter, this book includes a transcript of the February 21–22, 2014, debate (including audience Q&A) as well as the papers presented the following day by Tim Maudlin,[1] Robin Collins, Alex Rosenberg, and James Sinclair. For the first time, this book also includes the responses to these papers from the headline speakers, Craig and Carroll.
 There are many books on God and many other books on cosmology, and even many books that directly or indirectly address the two issues in light of one another. What makes this book unique is that it brings together the best minds from both science and philosophy in one volume and allows them to speak to each other, and respond to each other—in one place. No doubt, the debate will continue. But this book serves as a great starting point for those wanting to hear from the brightest minds in each field, from both sides of the aisle, so to speak.
 I am grateful that Fortress Press has seen fit to allow us to present the fruit of the 2014 Greer-Heard Forum to you. I trust that you will read it with an open mind and carefully consider what each scholar has to say. If you will, I have no doubt that you will be the richer for having done so.
 

  
    	Tim Maudlin’s essay in this volume is not the same presentation that he made at the Greer-Heard Forum, although it is very similar. At the event itself, he decided to speak to the audience in a rather informal fashion, which was well-received by most, and to address some important existential issues. The chapter in this volume is one that he had distributed to William Lane Craig and Sean Carroll prior to the conference. ↵
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What’s at Stake When We Debate God and Cosmology?

Robert B. Stewart

  The heavens declare the glory of God;
 the skies proclaim the work of his hands.
 Day after day they pour forth speech;
 night after night they reveal knowledge.
 –Psalm 19:1–2

  When I consider your heavens,
 the work of your fingers,
 the moon and the stars,
 which you have set in place,
 what is mankind that you are mindful of them,
 human beings that you care for them?
 –Psalm 8:3–4


 What’s at stake when we debate God and Cosmology? That is an interesting and complicated question. It is more complicated than it might at first appear because different sorts of questions are asked in relation to these two subjects. What do I mean by this? I mean that although there is considerable debate among philosophers, especially philosophers that are theists, concerning the nature of God’s attributes, such as omniscience, omnipotence, necessity, simplicity, aseity, his relationship to time, and so on, there is much more debate concerning his existence. There is no debate that I know of among cosmologists as to whether or not the universe exists. There is, however, significant debate as to the nature of the universe: Is it eternal or did it have a beginning? Is it fine-tuned or does it only appear to be so? Is there only one universe or a very, very large number of universes that make up a universe ensemble? If there actually is a multiverse, what sort of multiverse is it?
 Perhaps the reason that the questions asked are so different is because of the nature of the disciplines that are the primary ones engaged in academic research concerning them—philosophy and physics. Philosophers live in a world of arguments. Physicists live in a world of equations. One is couched in the language of logic while the other is couched in mathematical terms. Though there are intentional similarities between math and logic, they are not one and the same thing.
 The Nature of Debates
 Debates don’t solve intractable questions. If they did, we wouldn’t have elections after a series of political debates. Everyone would just agree on who the best candidate was. But this does not mean that they are unimportant. In fact, they can be very useful. They are, however, limited in that only two people are speaking to an issue, and sometimes, not speaking to the issue at all. (All too often in contemporary debates, rhetoric and mood trump reason.) Furthermore, determining who is most persuasive is, to some degree, a subjective decision. So, no debate is the final word on a matter.
 Debates focus on specific issues. This means that other important issues will not be addressed. This cannot be helped—and focusing on one topic at a time is generally a positive thing to do. Of course, debates can present better arguments than a person has heard to that point, and in that way help one to have better reasons for one’s beliefs than they previously had. They can also challenge previously held beliefs, and perhaps, motivate one to reassess his or her beliefs, or motivate one to have better reasons for their beliefs. Or one may conclude that perhaps one should keep an open mind on an issue and do some more research on it. I doubt that a rational person would change his or her mind on an important matter simply on the basis of one debate, but a single debate could play an important role in what and why one believes what one believes, or even be the final decisive factor in one changing one’s position on a matter.
 The Primary Question
 The primary question in this book is this: Does the evidence of contemporary cosmology render God’s existence more probable than it would have been without it? William Lane Craig argues, “Yes, considerably so”; Sean Carroll answers, “No, not even close.” This is a question to be answered in terms of more or less, rather than true or false. Clearly, Craig believes that the statement “God exists” is true, while Carroll believes it to be false. But this is not a book that directly deals with the issue of God’s existence, but rather, with the likelihood of God’s existence in light of contemporary cosmology.
 The case for God’s existence is a cumulative case. In other words, one must consider a whole range of issues, or data, and/or arguments, to arrive at a rational conclusion on the matter. There are arguments for and against God’s existence that appeal to scientific facts, historical facts, religious experience, moral intuitions, consciousness, free will, necessity, abstract objects, and a host of other matters. The focus of this book, like the conference from which it arose, is contemporary cosmology and its relevance when considering the likelihood of God’s existence.
 Distractions and Dead Ends
 One thing that both theists and non-theists sometimes do that is not helpful is to argue along the lines of “If I were God, . . .” I must confess to having done this myself. Simply put, there is something that just feels right about this, at least some of the time. The problem is that—and this is something that both theists and non-theists agree on—I’m not God. On the contrary, this does not mean that we can never know that God (or God as conceived by a particular religious tradition) would or wouldn’t do something—so long as we first establish this fact through argument, evidence, or exegesis. Putting forward an unsupported opinion about what God would do is not helpful. “It seems to me that God would do such and such,” or conversely, “I can’t imagine why God would do such and such,” just isn’t good enough.
 Appeals to authority, likewise, fall short of establishing a position. Opinions of experts are not unimportant, but a lone opinion is just that—a lone opinion. I suspect that there is no opinion so strange that one cannot find some doctorate-holder to affirm it. Hopefully, “experts” have reasons to support their considered opinions. When such is the case, then there is something to examine and consider. Good reasons would include valid arguments, or evidences that are observable, and thus measurable, or theories that are falsifiable. Of course, “reason” and “reasons” are somewhat ambiguous terms. Depending on who is speaking, a reason may refer to a cause, an argument, some evidence that seems to point in a particular direction, an experiment that demonstrates a prediction that a scientific theory made, or a subjective mood that motivates one to believe in a particular way. Simply put, the psychology of belief is mysterious and human beings are unpredictable in their behavior. Still, all of the participants in this book believe that we can—and do—make rational decisions, though we disagree on some points on what rational people should believe in.
 Another unproductive thing, in my view, is to argue that one is determined by his or her belief system or worldview to believe unreasonable things. Obviously, our worldviews do play a role in establishing the starting point from which we reason. They dictate, in some sense, our presuppositions. This is true for all of us. (Presuppositions are not just things that other people have.) But people can—and do—change their worldviews. In fact, this happens frequently. Who doesn’t know a Christian who used to be an atheist? Who doesn’t know a once-professing Christian who no longer believes in God? Evidence and argument are very persuasive.
 Perhaps an example of the sort of dead end rhetoric I have in mind will be helpful. I sometimes hear statements that run something like this: most scientists are naturalists, and are thus motivated by their worldview to find a naturalistic explanation, however strained it may be. This is certainly possible. In fact, it probably is true of certain individual naturalists, just as it is also likely true that some Christians are motivated to hold a theistic explanation, however strained it might be. But is it true universally, or even of the majority, of either group? I think not.
 This sort of appeal to motive or worldview determinism is neither charitable nor helpful. I certainly have not found it to be the case with the vast majority of the scientists I’ve known. In my experience, scientists, both theists and non-theists, have been among the most forthright scholars I have ever met. As a group, they are perhaps the least inclined segment of the academy to protect the status quo. In fact, in science, going against the grain is the way to get famous, make a lot of money, and be remembered after you’re dead. This does not mean that there are no academic power plays in science departments. But this sort of broad-brush dismissal of arguments that you disagree with is simply lazy and unhelpful.
 The same could be said for philosophers and philosophy. Unique creative thought is recognized and rewarded. I have philosopher friends, both theists and non-theists, with whom I have disagreements. Overwhelmingly, my experience has been that we can discuss our differences soberly and thoughtfully, sharing our reasons with one another, and either change our opinions to some degree, or understand better the opposing position, or at the end of the day, at least agree to disagree agreeably. If I didn’t believe this, I would not be directing the Greer-Heard Point-Counterpoint Forum![1]
 Issues
 The vast majority of the important decisions in life are complex. The question of whether or not contemporary cosmology makes the existence of God more plausible than it would be otherwise is surely one of these questions. Therefore, there are preliminary questions to answer before one can arrive at a final conclusion.
 If the universe had a beginning, that would—at first glance—seem to strengthen the case for God’s existence. William Lane Craig has argued forcefully for over 25 years that if something began to exist, then that thing has a cause.[2] This proposition has great intuitive force. Our day-to-day experience bears that out. This claim also seems to be, at least for the most part, assumed by scientists. Simply put, a cause is an explanation, and scientists seek to find explanations for why observed phenomena are the way they are. So, if it is true that anything that begins to exist has a cause, and if the universe had a beginning, then the universe had a cause. What that cause might be may not be the sort of question that science alone can answer. But it would still be true that the universe has a cause.
 Another issue to be addressed is whether the universe is fine-tuned for life, particularly human life, and if so, what does that imply? Everyone agrees that it appears to be. Had certain fundamental constants of nature, such as the mass of the electron, the strength of the weak and strong nuclear forces, the ratio of protons to electrons, the expansion rate of the universe, the speed of light, been even slightly different than they are, then human life would have been impossible.[3] The name frequently associated with recognizing these constants is the “anthropic principle.” It is important to note that the anthropic principle is not a scientific finding, but rather, a philosophical implication of science. Furthermore, there is no single anthropic principle, and the differences in the implications of the different anthropic principles are great. Some see this as pointing in the direction of theism, while others say it is just the opposite. John Polkinghorne and Nicholas Beale list four possible explanations for this apparent fine-tuning:
 
  	This fine-tuning is highly unlikely in a random possible universe, but God has ensured in his loving wisdom that it is so, so that we can come into being.

  	This fine-tuning is highly unlikely in a random possible universe, but just by luck the one that exists is anthropic.

  	This fine-tuning is highly unlikely in a random possible universe, but there are such a vast number of other universes that it is not unlikely that at least one of them is anthropic.

  	There are as yet undiscovered reasons why this fine-tuning is not highly unlikely in a random possible universe.[4]


Polkinghorne and Beale prefer option #1. Martin Rees and many others prefer option #3.
 It seems, then, that the elephant in the living room is the idea of a multiverse. In 1980, Alan Guth proposed a model that addressed some lingering questions arising from the standard (Big Bang) model of cosmology. His solution was inflation. Inflation posits that in the very tiniest moment of time in the earliest period of the history of the universe, the universe or a very large portion of it exponentially increased in size prior to the continued expansion that cosmologists observe today. Guth’s model was widely seen as a breakthrough because it provided an answer for the horizon problem and the flatness problem—two questions that had been baffling cosmologists concerning the standard model. The horizon problem has to do with why the cosmic background radiation observed by Penzias and Wilson, which was one confirmation of Hubble’s theory that the universe was expanding, was unexpectedly so even throughout the universe, while the flatness problem has to do with unexpected findings concerning the geography of space-time, that is, why it is much less curved than expected. When a model provides an answer to two vexing problems, scientists will take that model very seriously. For that reason, a very large percentage of working cosmologists either assume an inflationary model or work in some respect or another in relation to some sort of inflationary model. Though inflation does not necessarily lead to a multiverse, most inflationary models do predict a multiverse. This is because inflation is not just thought to have taken place on this side of the Big Bang, that is, in the observable universe, but is also thought to be the force behind the Big Bang—the reason that there was a Big Bang in our observed universe in the first place. Inflationary multiverse models are believed by a significant number of cosmologists to explain the apparent beginning of the universe and the apparent fine-tuning of the fundamental constants of nature for life. The idea of an ensemble of inflationary bubble universes seems to be the one most often appealed to by contemporary cosmologists.
 Still, the idea of a multiverse is generally greeted with suspicion, if not outright disdain by non-cosmologists. The question that is frequently raised is this: is this science or science fiction (or even science fantasy)? If science is that work which is done by scientists, then inflationary models that include multiple universes are indeed science and deserve to be taken very seriously. We should ask, however, exactly what sort of science it is. The answer, in a word, is: theoretical. It is not operational in the sense that petroleum engineering is repeatedly applied in an oil refinery. Frequently, theoretical science is not observational. Theoretical physicists refer to a number of entities that they have never seen, even entities whose direct effects are not observed. This does not mean that theoretical science cannot become observational science. Theoretical science can potentially become observational by making predictions that can be tested. Perhaps the most famous example of this was in 1919, when Arthur Eddington and his colleagues confirmed that some of the predictions of Einstein’s theory of General Relativity were correct.
 A theory that makes predictions is far preferable to one that does not because a prediction can be tested and either falsified or confirmed. This idea of falsification is one of the most important of all concepts in the philosophy of science. Karl Popper held that the proper mark of a scientific theory is falsifiability. If a theory cannot be falsified, it is, according to Popper, a pseudo-scientific theory or a myth. He even insisted that science does not proceed by proving theories, but rather, by falsifying them.[5]
 This is a real problem for inflationary multiverse theories because they are, for the most part, not verifiable. By definition, another universe cannot be observed. Accordingly, physicist Lee Smolin laments the lack of confirmed predictions in contemporary physics.
 
  New theories have been posited and explored, some in great detail, but none has been confirmed experimentally. And here’s the crux of the problem: In science, for a theory to be believed, it must make a new prediction—different from those made by previous theories—for an experiment not yet done. For the experiment to be meaningful, we must be able to get an answer that disagrees with that prediction. When this is the case, we say that a theory is falsifiable—vulnerable to being shown false. The theory also has to be confirmable; it must be possible to verify a new prediction that only this theory makes. Only when a theory has been tested and the results agree with the theory do we advance the theory to the ranks of true theories. The current crisis in particle physics springs from the fact that the theories that have gone beyond the standard model in the last thirty years fall into two categories. Some were falsifiable, and they were falsified. The rest are untested—either because they make no clean predictions or because the predictions they do make are not testable with current technology.[6]


 Furthermore, the most promising sorts of multiverse theories presently appeal to string theory or the more speculative superstring theory or M-theory. String theory, or some sort of string theory, may be the way forward and may indeed prove fruitful, but there are issues with all varieties of string theory. None is without its problems. The fundamental problems with string theory are that there is no consistent formulation of string theory and that string theory makes no real experimental predictions. Concerning the lack of consistent formulation, string theorist Brian Greene states it thus:
 
  Even today, more than three decades after its initial articulation, most string practitioners believe we still don’t have a comprehensive answer to the rudimentary question, What is string theory? . . . [M]ost researchers feel that our current formulation of string theory still lacks the kind of core principle we find at the heart of other major advances.[7]


 Michio Kaku is straightforward in assessing the evidence for superstrings, “Not a shred of experimental evidence has been found to confirm . . . superstrings.”[8]
 Commenting on the not uncommon optimism that a final theory of everything was right around the corner, and particularly on M- and F-theory, Roger Penrose pessimistically declares:
 
  From my own perspective, we are much farther from a “final theory” even than this. I have no faith at all that the developments outlined in Chapter 31 [Supersymmetry, supra-dimensionality, and strings] are at all close to the right lines. Various remarkable mathematical developments have indeed come out of string-theoretic (and related) ideas. However, I remain profoundly unconvinced that they are very much other than just striking pieces of mathematics albeit with some input from deep physical ideas.[9]


 John Polkinghorne notes that one prediction that the concept of inflation makes is “the existence of a particle called the inflaton, which has not been observed and whose mass, according to the principles of the standard model, should probably be such that it would be readily observable.”[10]
 In an influential 2014 article in Nature magazine George Ellis and Joe Silk urged both caution and methodological openness in what is accepted as science:
 
  The consequences of overclaiming the significance of certain theories are profound—the scientific method is at stake. . . . To state that a theory is so good that its existence supplants the need for data and testing in our opinion risks misleading students and the public as to how science should be done and could open the door for pseudoscientists to claim that their ideas meet similar requirements.

  What to do about it? Physicists, philosophers, and other scientists should hammer out a new narrative for the scientific method that can deal with the scope of modern physics. In our view, the issue boils down to clarifying one question: what potential observational or experimental evidence is there that would persuade you that the theory is wrong and lead you to abandoning it? If there is none, it is not a scientific theory.[11]


 In no way do I intend to argue that these are not serious scientific theories, but I do want to point out that they have obvious weaknesses that are apparent to both specialist and non-specialist. This does not mean that they will not eventually be proven correct, or at least, that a scientific consensus will develop, affirming them.
 At the end of the day, an inflationary multiverse theory may best describe the state of the universe prior to the Big Bang and also account for the apparent fine-tuning of the observable universe. This would not necessarily mean either that the universe did not have a beginning or that the universe wasn’t fine-tuned.
 In a recent article, Audrey Mithani and Alexander Vilenkin ask the question, “Did the universe have a beginning?” They discuss three cosmological models that “seem to allow the possibility that the universe could have existed forever with no initial singularity: eternal inflation, cyclic evolution, and the emergent universe.” They find each lacking, and conclude: “Did the universe have a beginning? At this point, it seems that the answer to this question is probably yes.” It is important to note that they use the term “beginning” as a synonym for “past incompleteness.” They do not imply that the evidence points to God.[12] Leonard Susskind responded to Mithani and Vilenkin, and concluded that, “We may conclude that there is a beginning, but in any kind of inflating cosmology the odds strongly (infinitely) favor the beginning to be so far in the past that it is effectively at minus infinity.”[13] Marcus Chown quotes Susskind as saying, “I find it a paradoxical situation to say that there must have been a beginning, but it is with certainty before any nameable time.”[14] This is hardly a knock-down refutation.
 So, if it is true that anything that begins to exist has a cause, and the universe had a beginning (however long ago), then the universe was caused. Theists are within their rights to ask whether or not this cause, which is clearly outside space-time and highly powerful, and quite possibly, personal and intelligent, might be God. Science cannot answer this question one way or another.
 Similarly, an inflationary multiverse does not rule out anthropic fine-tuning. Polkinghorne and Beale write:
 
  But we note that inflation, if it does occur, doesn’t eliminate the fine-tuning problem: to explain two observable parameters, it introduces a complicated theoretical mechanism with vast unobservable cosmological implications that itself needs at least two parameters to have the right values. At a fundamental level, the mystery remains.[15]


 Finally, while there are reasons to be skeptical about inflationary multiverse theories, some of the best minds on the planet are eagerly investigating these theories and many are optimistic that they will soon be confirmed. Will they or not? Who can say? If they are, then the scientific case for theism might be weakened a bit, although as we’ve seen, some who believe the best current theories are inflationary theories also believe that the universe had some sort of beginning. Clearly, if the universe did not have a beginning, then the scientific basis for theism is weakened. Still, there is no necessary philosophical or theological reason for theists to fear an inflationary multiverse. God, as conceived by theists, is incredibly (infinitely) powerful, intelligent, and creative. A multiverse would be in line with those attributes of God.
 How Much Do We Really Know?
 Lord Kelvin is reputed to have given an address to a group of physicists at the British Association for the Advancement of Science in 1900, in which he stated, “There is nothing new to be discovered in physics now. All that remains is more and more precise measurement.” I cannot find a primary source documenting this statement, though I have seen it in several textbooks, and it seems to be widely accepted. Albert Michelson wrote something similar in his book, Light Waves and Their Uses, “The more important fundamental laws and facts of physical science have all been discovered, and these are now so firmly established that the possibility of their ever being supplanted in consequence of new discoveries is exceedingly remote.”[16] Looking back over the last century plus a decade, these statements seem either hopelessly naïve or utterly ridiculous. But at the time, they were accepted if not as facts, certainly as the opinions of the most knowledgeable scientists of their day.
 We are no less creatures of our time than Kelvin and Michelson were of theirs. All scientific findings are provisional and subject to change. The last century has been a time of amazing scientific progress in general, and in cosmology in particular. We could make as much progress in the century to come, or maybe, even more. So, a dose of humility is certainly appropriate.
 One reason for humility is that with every answer that we find, we also find new questions. The standard model was helpful, but it raised questions as to the fabric of space-time, and reflecting on those questions led to the discovery of several entities—whether observed or posited—that we don’t fully understand yet, nor are we likely to, without raising and answering questions that we have yet to learn need to be asked. My own view is that progress is always welcome and exciting, but that anyone who thinks that a “Grand Unifying Theory” will truly answer all cosmological questions needs to take a refresher course in the history of the universe.
 How Much is Enough?
 I am not a scientist. Neither am I a specialist in probability calculus. I am, however, the son of a judge. As such, I am well aware that there are different thresholds for evidence in different contexts. In a criminal case, to convict a defendant, a jury must believe that he or she is guilty beyond a reasonable doubt. Therefore, they must vote to acquit even if they think the defendant is probably guilty if there is, nevertheless, room for reasonable doubt. Such is not generally the case in a civil case. In most civil cases, a simple preponderance of the evidence will be enough for a guilty verdict to be handed down. Even if the jury has reasonable doubt as to the defendant’s guilt, they should still vote to convict if they think the defendant is probably guilty as charged.
 At this present time, it seems that there are enough cosmological models that have no beginning to the universe or that feature enough universes to possibly explain away apparent anthropic coincidences to allow naturalists to retain their unbelief. It also appears that the standard model is still faring well enough for arguments such as William Lane Craig’s Kalām Cosmological Argument or some version of the anthropic coincidences to persuade many people that there is a God. No doubt, most of those who are so persuaded will have come to the evidence as theists. In short, those looking for a model of one sort or the other can always find one to suit their taste.
 So, should we just retreat into our respective camps? I hope not. I suspect that for most people, science alone does not dictate whether they believe in God or not. As mentioned above, the case for God’s existence is a cumulative case. It is also true that for most atheists, the case for God’s non-existence is also a cumulative case, that is, their unbelief is not entirely based on science. Science may move the needle farther in one direction or another, but it is not the sole factor in most cases.
 The question before us is this: does the evidence of contemporary cosmology render God’s existence more probable than it would have been without it? That little word “more” that comes before “probable” is important. The answer to that question may depend on who is assessing the evidence.
 I wonder not if the evidence from contemporary cosmology renders God’s existence beyond reasonable doubt or even probable. I wonder if it renders it even a little more likely. Does it render it plausible enough to search in other ways to see whether God exists? Does it move the needle enough for someone who isn’t certain about God’s existence to search for God in the places and activities in which he reportedly is often found? Is it enough to prompt one to pray or to read the Bible or attend a worship service?
 Some will object that it makes no sense to pray or to worship when they are uncertain of God’s existence. But these actions are surely not irrational, so long as one believes that God possibly exists and possibly will answer a prayer or reveal himself through Scripture or worship. Agnostic philosopher Anthony Kenny puts it this way:
 
  There is no reason why someone who is in doubt about the existence of God should not pray for help and guidance on this topic as in other matters. Some find something comic in the idea of an agnostic praying to a God whose existence he doubts. It is surely no more unreasonable than the act of a man adrift in the ocean, trapped in a cave, or stranded on a mountainside, who cries for help though he may never be heard or fires a signal which may never be seen.[17]


 The question of God’s existence, or at least, the Christian God’s existence, cannot be settled by science alone. The nature of science does not allow for as much. But many will ponder over the question of God’s existence because of what science can tell us. Therefore, many will be uncertain. In my view, the proper response to uncertainty is further research, not pessimism. So, my suggestion to those who are uncertain is to continue to investigate with all the tools at their disposal, whether these tools are scientific, philosophical, historical, or theological.
 I am making a suggestion of the same sort that Pascal makes in his wager. Though the wager may be understood in various ways, I am of the opinion that the wager is not an argument to believe that God exists, but an enticement to hope that God exists. Surely a man with a terminal disease is not behaving immorally to hope for a new surgical procedure to be developed that will save his life. Is a mother who has lost her three-year-old son irrational to at least hope that there is an afterlife and to seek to find the God who offers it, if he may be found?
 I personally think that contemporary cosmology points in the direction of God’s existence, but I’m well aware that the final theory and experiment have not yet been devised, much less tested. I also recognize that not everyone will evaluate the evidence in the same way—and I don’t think that those who arrive at a different conclusion are necessarily behaving irrationally just because they disagree with me. I find the evidence powerful though my primary reason for believing in God is not scientific.
 I hope that you will read this book with an open mind. I hope that you will read the entire book, not just the debate portion. The other authors are all serious scholars and gentlemen. I consider them all friends. They all have something important to say. And as a Christian, I encourage you to pray as you read. I know that not all of you will pray because some of you don’t believe in God. But what is there to fear? If he doesn’t exist, he won’t cause you to believe something that is false, and if you’re a rational person, you won’t begin to believe something that isn’t true just because you spoke to an imaginary being. Regardless, if you read this book with an open mind, I know you will be enriched.
 

  
    	I can only hope someday to have the creativity to have some unique insight that leads to other philosophers talking about my insight by my name à la “Gettier problems” or “Frankfurt counterexamples.” Hopefully, it would not be something along the lines of “Bob’s blunder” or “Stewart’s stupid syllogisms.” ↵
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God and Cosmology

The Existence of God in Light of Contemporary Cosmology
William Lane Craig and Sean Carroll in Dialogue
William Craig’s Opening Speech
 Good evening! It is an honor to be taking part in a forum featuring such distinguished scientists and philosophers. Thank you very much!
 Introductory Remarks
 In his recent book, Where the Conflict Really Lies, Alvin Plantinga distinguished three ways in which scientific theories and theism might be related: apparent conflict, genuine conflict, and concord.[1] I take it as obvious that there does not exist even apparent conflict between contemporary cosmogonic theories and theism. Contemporary cosmology would, therefore, seem to be an area of obvious concord between science and theism.
 But, tonight, I want to defend an even stronger claim—namely, that the evidence of contemporary cosmology actually renders God’s existence considerably more probable than it would have been without it: Pr (Theism | Contemporary Cosmology & Background Information) >> Pr (Theism | Background Information). This is not to make some sort of naïve claim that contemporary cosmology proves the existence of God. There is no God-of-the-gaps reasoning here. Rather, I’m saying that contemporary cosmology provides significant evidence in support of premises in philosophical arguments for conclusions having theological significance.
 For example, the key premise in the ancient Kalām Cosmological Argument that
 
 2. The universe began to exist.
 
 is a religiously neutral statement, which can be found in virtually any contemporary textbook on astronomy and astrophysics. It is, obviously, susceptible to scientific confirmation or disconfirmation on the basis of the evidence.[2]
 
  [image: ]
  Figure 1: The key premise of the Kalām Cosmological Argument is religiously neutral.


 So, to repeat, one is not employing the evidence of contemporary cosmology to prove the proposition that God exists, but to support theologically neutral premises in philosophical arguments for conclusions that have theistic significance.
 In tonight’s discussion, I’ll focus on two such arguments: the Kalām Cosmological Argument from the origin of the universe and the teleological argument from the fine-tuning of the universe.
 The Kalām Cosmological Argument
 Consider first the Kalām Cosmological Argument:
 
  	If the universe began to exist, then there is a transcendent cause which brought the universe into existence.

  	The universe began to exist.

  	Therefore, there is a transcendent cause which brought the universe into existence.


By “the universe,” I mean that reality which is studied by contemporary cosmology; that is to say, all of contiguous physical reality, which currently takes the form of space-time and its contents.
 I take it that (1) is obviously true.[3] Rather, the truly controversial premise is (2). Traditional supporters presented philosophical arguments in support of (2),[4] which, for me, constitute its primary warrant. But they’re not the subject of tonight’s debate. Rather, what’s emerged during the twentieth century is remarkable empirical confirmation of the second premise from the evidence of astrophysical cosmogony. Two independent, but closely interrelated, lines of physical evidence support premise (2): evidence from the expansion of the universe and evidence from the second law of thermodynamics.
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  Figure 2: Two lines of physical evidence support the key premise of the Kalām Cosmological Argument.


 In saying that the cosmogonic evidence confirms (2), I am not saying that we are certain that (2) is true. Too many people mistakenly equate knowledge with certainty. When they say that we do not know that the universe began to exist, what they really mean is that we are not certain that the universe began to exist. But, of course, certainty is not the relevant standard here. The question is whether (2) is more plausible in light of the evidence than its contradiction. As Professor Carroll reminds us,
 
  Science isn’t in the business of proving things. Rather, science judges the merits of competing models in terms of their simplicity, clarity, comprehensiveness, and fit to the data. Unsuccessful theories are never disproven, as we can always concoct elaborate schemes to save the phenomena; they just fade away as better theories gain acceptance.[5]


 Science cannot force you to accept the beginning of the universe; you can always concoct elaborate schemes to explain away the evidence. But those schemes will not fare well in displaying the aforementioned scientific virtues.
 Even many who have expressed skepticism about premise (2) admit that it is more plausibly true than not. For example, in my recent dialogue with Lawrence Krauss, he volunteered, “I’d bet our universe had a beginning, but I am not certain of it. . . . based on the physics that I know, I’d say it is a more likely possibility.”[6] This is to admit precisely what cosmologists such as Alexander Vilenkin have contended all along: that the evidence makes it more likely than not that the universe began to exist.[7]
 Evidence from the Expansion of the Universe
 
  [image: ]
  Figure 3: The expansion of the universe supports premise (2).


 Consider, first, the evidence from the expansion of the universe. The standard (Friedmann-LeMaître-Robertson-Walker) Big Bang cosmogonic model implies that the universe was not infinite in the past, but had an absolute beginning a finite time ago. Although advances in astrophysical cosmology have forced various revisions in the standard model, nothing has called into question its fundamental prediction of the finitude of the past and the beginning of the universe. Indeed, as James Sinclair has shown, the history of twentieth-century cosmogony has seen a parade of failed theories trying to avert the absolute beginning predicted by the standard model.[8] Meanwhile, a series of remarkable singularity theorems has increasingly tightened the loop around empirically tenable cosmogonic models by showing that under more and more generalized conditions, a beginning is inevitable. In 2003, Arvind Borde, Alan Guth, and Alexander Vilenkin were able to show that any universe which is, on average, in a state of cosmic expansion throughout its history cannot be infinite in the past, but must have a beginning.[9] In 2012, Vilenkin showed that cosmogonic models which do not fall under this condition, including Professor Carroll’s own model, fail on other grounds to avert the beginning of the universe. Vilenkin concluded, “None of these scenarios can actually be past-eternal.”[10] “All the evidence we have says that the universe had a beginning.”[11]
 The Borde-Guth-Vilenkin theorem proves that classical space-time, under a single, very general condition, cannot be extended to past infinity, but must reach a boundary at some time in the finite past. Now, either there was something on the other side of that boundary or not. If not, then that boundary is the beginning of the universe. If there was something on the other side, then it will be a non-classical region described by the yet-to-be-discovered theory of quantum gravity. In that case, Vilenkin says, it will be the beginning of the universe.[12]
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  Figure 4: The BGV theorem implies a boundary to classical spacetime in superspace.


 Think about it. If there is such a non-classical region, then it is not past eternal in the classical sense. But neither can it exist literally timelessly, akin to the way in which philosophers consider abstract objects to be timeless or theologians take God to be timeless. For this region is in a state of constant flux, which, given the Indiscernibility of Identicals, is sufficient for time.[13] So, even if time as defined in classical physics does not exist at such an era, some sort of time would.[14]
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  Figure 5: The Vilenkin and Hartle-Hawking quantum gravity models exemplify temporal finitude.


 But if the quantum gravity era is temporal, it cannot be extended infinitely in time, for such a quantum state is not stable, and so, would either produce the universe from eternity past or not at all. As Anthony Aguirre and John Kehayias argue,
 
  It is very difficult to devise a system—especially a quantum one—that does nothing “forever,” then evolves. A truly stationary or periodic quantum state, which would last forever, would never evolve, whereas one with any instability will not endure for an indefinite time.[15]


 Hence, the quantum gravity era would itself have to have had a beginning in order to explain why it transitioned just some 13 billion years ago into classical time and space. Hence, whether at the boundary or at the quantum gravity regime, the universe probably began to exist.
 Evidence from Thermodynamics
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  Figure 6: Thermodynamics supports premise (2).


 Consider now the evidence from thermodynamics. According to the second law of thermodynamics, entropy in a closed system almost never decreases. Given the naturalistic assumption that the universe is a closed system, the second law implies that, given enough time, the universe will come to a state of thermodynamic heat death, whether cold or hot. Given that the universe will expand forever, it may never reach a state of equilibrium, but it will grow increasingly cold, dark, dilute, and dead. But then the obvious question arises: why, if the universe has existed forever, is it not now in a cold, dark, dilute, and lifeless state? P. C. W. Davies gives the obvious answer: “The universe can’t have existed forever. We know there must have been an absolute beginning a finite time ago.”[16] The universe’s energy, says Davies, was simply “put in” at the creation as an initial condition.[17]
 By contrast, Professor Carroll’s solution to the problem confronts serious obstacles. He imagines that the overall condition of the universe is a state of thermal equilibrium (a sort of de Sitter space), but that random fluctuations spawn baby universes, which pinch off to become wholly independent space-times. We find ourselves in one such baby universe in a state of disequilibrium.
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  Figure 7: Carroll’s proposed solution to the universe’s low entropy condition.


 Let me raise two concerns about this model. First, not only are the production mechanisms of such baby universes admittedly conjectural, but such a scenario violates the so-called unitarity of quantum theory by allowing irretrievable information loss from the mother universe to the babies. Stephen Hawking, apologizing to science fiction fans everywhere, came to admit, “There is no baby universe branching off, as I once thought. The information remains firmly in our universe.”[18]
 Second, Professor Carroll’s solution provides no convincing answer to the Boltzmann Brain problem. Since the mother universe is a de Sitter space in which thermal fluctuations occur and since baby universes grow into de Sitter spaces themselves, there’s no explanation in the model why there exists a genuine low entropy universe around us rather than the mere appearance of such a world, an illusion of isolated brains, which have fluctuated into existence out of the quantum vacuum. These and other problems make Professor Carroll’s model less plausible than the standard solution that the universe began to exist with an initial low entropy condition.
 Skeptics might hope that quantum cosmology might serve to avert the implications of the second law of thermodynamics. But now, a new singularity theorem, formulated by Aron Wall, seems to close the door on that possibility. Wall shows that, given the validity of the generalized second law of thermodynamics in quantum cosmology, the universe must have begun to exist, unless, as in Professor Carroll’s model, one postulates a reversal of the arrow of time at some point in the past, which, he rightly observes, involves a thermodynamic beginning in time, which “would seem to raise the same sorts of philosophical questions that any other sort of beginning in time would.”[19] Wall reports that his results require only certain basic concepts, so that “it is reasonable to believe that the results will hold in a complete theory of quantum gravity.”[20]
 Summary
 Thus, we have good evidence both from the expansion of the universe and from the second law of thermodynamics that the universe is not past eternal, but had a temporal beginning. So, the second premise of the Kalām Cosmological Argument receives significant confirmation from the evidence of contemporary cosmology. We have, then, a good argument for a transcendent cause of the universe.
 The Teleological Argument
 Turn now to the teleological argument from the fine-tuning of the universe. Scientists have been stunned by the discovery that the existence of intelligent, interactive life depends upon a complex and delicate balance of fundamental constants and quantities, such as the gravitational constant and the amount of entropy in the early universe, which are fine-tuned to a degree that is literally incomprehensible.
 Now, there are three possibilities debated in the literature for explaining the presence of this remarkable fine-tuning: physical necessity, chance, or design. The question then is: which of these three alternatives is the most plausible? On the basis of the evidence, we may argue:
 
  	The fine-tuning of the universe is due to either physical necessity, chance, or design.

  	It is not due to physical necessity or chance.

  	Therefore, it is due to design.


Physical Necessity?
 Consider the first alternative, physical necessity.
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  Figure 8: Physical necessity as an explanation of fine-tuning.


 This alternative seems extraordinarily implausible because the constants and quantities are independent of the laws of nature. The laws of nature are consistent with a wide range of values for these constants and quantities. For example, the most promising candidate for a Theory of Everything (TOE) to date, super-string theory or M-Theory, allows a “cosmic landscape” of around 10500 different universes, governed by the present laws of nature, so that it does nothing to render the observed values of the constants and quantities physically necessary.
 Chance?
 So, what about the second alternative, that the fine-tuning is due to chance? The problem with this alternative is that the odds against the universe’s being life-permitting are so incomprehensibly great that they cannot be reasonably faced. In order to rescue the alternative of chance, its proponents have, therefore, been forced to adopt the hypothesis that there exists a sort of World Ensemble or multiverse of randomly ordered universes, of which our universe is but a part. Now comes the key move: since observers can exist only in finely-tuned worlds, of course, we observe our universe to be fine-tuned!
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  Figure 9: Chance as an explanation of fine-tuning: the World Ensemble Hypothesis.


 So, this explanation of fine-tuning relies on: (i) the existence of a specific type of World Ensemble and (ii) an observer self-selection effect. This explanation, wholly apart from objections to (i), faces a very formidable objection to (ii), namely, the Boltzmann Brain problem. In order to be observable, the entire universe need not be fine-tuned for our existence. Indeed, it is vastly more probable that a random fluctuation of mass-energy would yield a universe dominated by Boltzmann Brain observers than one dominated by ordinary observers such as ourselves. In other words, the observer self-selection effect is explanatorily vacuous. As Robin Collins has noted, what needs to be explained is not just intelligent life, but embodied, interactive, intelligent agents such as ourselves.[21] Appeal to an observer self-selection effect accomplishes nothing because there’s no reason whatever to think that most observable worlds or the most probable observable worlds are worlds in which that kind of observer exists. Indeed, the opposite appears to be true: most observable worlds will be Boltzmann Brain worlds.
 Since we presumably are not Boltzmann Brains, that fact strongly disconfirms a naturalistic World Ensemble or multiverse hypothesis.
 Design?
 
  [image: ]
  Figure 10: Design as an explanation of fine-tuning.


 It seems, then, that the fine-tuning is not plausibly due to physical necessity or chance. Therefore, we ought to prefer the hypothesis of design unless the design hypothesis can be shown to be just as implausible as its rivals. I’ll leave it up to Professor Carroll to present any such objections.
 Summary and Conclusion
 In summary, it seems to me that the evidence of contemporary cosmology provides significant support for key premises in two philosophical arguments for conclusions having theological significance.
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  Figure 11: Bold, italicized premises enjoying empirical support from contemporary cosmology.


 Thus, the existence of a creator and designer of the universe seems to be significantly more probable in light of contemporary cosmology than it would have been without it.[22]
 Sean Carroll’s Opening Speech
 Thank you very much, it’s a great pleasure to be here. The Greer-Heard Forum has been very wonderful. I thank Dr. Craig for participating. For everyone here, I appreciate your attendance, and I need to add a word of appreciation to this beautiful chapel that we’re holding the event in. I just hope that somewhere in the middle of my talking, the roof does not fall on my head. But if it does, that would be evidence, and I would update my beliefs accordingly.
 I also want to start with a confession that my goal here is not to win a debate. The discussion we are having tonight does not reflect a debate that is ongoing in the professional cosmology community. If you go to cosmology conferences, there’s a lot of talk about the origin and nature of the universe; there is no talk about what role God might have played in bringing the universe about. It is not an idea that is taken seriously. My goal is to explain why we think that. You may or may not agree with me at the end, but you should be able to understand why we cosmologists have that view. And it comes down to a conflict between two major fundamental pictures of the world, what philosophers would call ontologies: naturalism and theism.
 Naturalism says that all that exists is one world, the natural world, obeying laws of nature, which science can help us discover. Theism says that in addition to the natural world, there is something else, at the very least, God. Perhaps there are other things as well. I want to argue that naturalism is far and away the winner when it comes to cosmological explanation. And it comes down to three points.
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 First, naturalism works—it accounts for the data we see. Second, the evidence is against theism. Third, theism is not well-defined. I’m going to be emphasizing this third point because if you ask a theist, they will give you some very rigorous-sounding definition of what they mean by God: the most perfect being, the ground for all existence, and so forth. There are thousands of such definitions, which is already an issue. But the real problem is not with any particular definition; it’s when you try to connect the notion of God to the world we observe. That’s where, apparently, an infinite amount of flexibility comes in, and I am going to argue that this makes the notion of God not very useful for cosmology.
 I think I can make these points by following Dr. Craig’s organization, starting with the Kalām Cosmological Argument. Unlike what he said I should be doing, I want to challenge the first of the premises: “If the universe began to exist, it has a transcendent cause.”
 Kalam Cosmological argument
 “If the universe began to exist, then
 it has a transcendent cause.”
 
  not even

 
  false

  
 The problem with this premise is that it is false. There’s almost no explanation or justification given for this premise in Dr. Craig’s presentation. But there’s a bigger problem with it, which is that it is not even false. The real problem is that these are not the right vocabulary/words to be used when we discuss fundamental physics and cosmology. This kind of Aristotelian analysis of causation was cutting-edge stuff 2,500 years ago. Today, we know better. Our metaphysics must follow our physics. That’s what the word “metaphysics” means.[23] In modern physics, if you were to open a quantum field theory textbook or a general relativity textbook, you would not find the words “transcendent cause” anywhere. What you find, instead, are differential equations.
 Modern physics: Nature obeys unbreakable patterns
 (theories, models, laws, differential equations)
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 At a fundamental level, nothing has an external “cause”;
 everything just follows the appropriate pattern.
 This reflects the fact that the way physics is known to work these days is in terms of patterns, unbreakable rules, laws of nature. Given the world at one point in time, we will tell you what happens next. There is no need for any extra metaphysical baggage, such as transcendent causes, on top of that. It’s precisely the wrong way to think about how the fundamental nature of reality works. The question you should be asking is, “What is the best model of the universe that science can come up with?” By a model, I mean a formal mathematical system that attempts to match what we observe.
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 So, if you want to know whether something is possible in cosmology or physics, you ask, “Can I build a model?” Can I build a model where the universe had a beginning, but did not have a cause? The answer is Yes. It’s been done. Thirty years ago, famously, Stephen Hawking and Jim Hartle presented the no-boundary quantum cosmology model.[24] The point about this model is not that it’s the right model; I don’t think we’re anywhere near the right model yet. The point is that it’s completely self-contained. It is an entire history of the universe that does not rely on anything outside. It just is like that. The demand for more than a complete and consistent model that fits the data is a relic of a pre-scientific view of the world. My claim is that if you had a perfect cosmological model that accounted for the data, you would go home and declare yourself as having been victorious.
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 You might also ask, “Could the universe be eternal?” without having a beginning at all. Again, the answer is: yes, just build a model. Here is an image of my favorite model, from a paper that Jennifer Chen and I wrote in 2004.[25] It’s actually not even a model that I think is probably right, in the sense that it’s very likely to be a correct description of reality. But asking whether the universe could possibly be one way or another (e. g., finite or eternal toward the past) is addressed by considering what models we can conceivably construct, not about saying whether any one model is the right idea. We hope that some day, we will get there, but we don’t claim that we are there yet. So, whether or not the universe can be eternal does not come down to a conversation about abstract principles. It comes down to a conversation about building models and seeing which one provides the best account for what we see the universe to be doing.
 
  Borde-Guth-Vilenkin Theorem

 
  Bundles of paths through spacetime whose average

 
  expansion rate is positive must be geodesically incomplete.

 Translation: In some universes (not all), the classical
 spacetime description breaks down in the past.
 
  The real universe is quantum, not classical. The BGV

 
  theorem tells us nothing definitive about reality.

  
 I’d like to talk about the Borde-Guth-Vilenkin theorem, since Dr. Craig emphasizes it.[26] The rough translation is that in some universes—not all—the space-time description that we have as a classical space-time breaks down at some point in the past. Where Dr. Craig says that the Borde-Guth-Vilenkin theorem implies the universe had a beginning, that is false. That is not what it says. What it says is that our ability to describe the universe classically, that is to say, not including the effects of quantum mechanics, gives out. That may be because there’s a beginning or it may be because the universe is eternal, either because the assumptions of the theorem were violated, or because quantum mechanics becomes important.
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 If you need to invoke a theorem—because that’s what you like to do, rather than building models—I would suggest the Quantum Eternity Theorem.[27] If you have a universe that obeys the conventional rules of quantum mechanics, has a non-zero energy, and the individual laws of physics are themselves not changing with time, that universe is necessarily eternal. The time parameter in Schrödinger’s equation, telling you how the universe evolves, goes from minus infinity to infinity. Now, this might not be the definitive answer to the real world, because the real world might violate the assumptions of the theorem, just as it might violate the assumptions of the BGV theorem. But because it takes quantum mechanics seriously, it’s a much more likely starting point for analyzing the history of the universe. Again, I will keep reiterating that what matters are the models, not the abstract principles.
  
  
  
 
  Second Law of Thermodynamics

 Why should there always be change?
 Either: there was a unique low-entropy beginning,
 and we live in the aftermath.
 Or: the universe is eternal, and has no
 equilibrium state.
 
  A “thermodynamic beginning” is not a beginning!

  
  
 Dr. Craig brings up an argument about the Second Law of Thermodynamics. I’ve written a whole book about the second law and its relationship to cosmology.[28] It is certainly true that we don’t know why the early universe had a low entropy, and entropy has ever since been increasing. That’s a good challenge for cosmology. To imagine the cosmologist cannot answer that question without somehow invoking God is a classic god-of-the-gaps move. I know that Dr. Craig says that is not what he’s doing, but then, he does it.
 We don’t know why the early universe had a low entropy, but that is not an argument that we can’t figure out. There is more than one possibility. Maybe there is a principle, like Stephen Hawking would say, that puts the early universe in a low entropy state. Or maybe, there is no high entropy state. In my model of an eternal universe, the reason why our universe is always changing is because the universe always can change. There is no equilibrium for it to fall into.
 Dr. Craig mentions various things that I think really muddle the cosmological picture here. He says that my model is not working very well because it violates unitarity—the conservation of information. That is straightforwardly false. In my model, unitarity is the whole point. There is a quantum mechanical wave function that describes the evolution of the universe from one piece into multiple pieces, and that evolution is perfectly unitarity. He quotes Stephen Hawking talking about baby universes, but that quote was taken completely out of context. Hawking was speaking in the context of black holes, and that particular quote had nothing to do with cosmology. Next, Dr. Craig makes a big deal about Boltzmann Brains. I’m going to talk about that a little bit later.
 Most importantly, he talks about the fact that if the universe is eternal and you have a Second Law of Thermodynamics, then there must have been a moment in the middle when the entropy was lowest, and he calls this a “thermodynamic beginning.” That’s an equivocation on the word “beginning.” A thermodynamic beginning is not a beginning—it happens in the middle. It’s a moment in the history of the universe at which entropy is at a minimum—it’s higher in one direction of time and also higher in the other direction of time. There is no room in such a conception for God to have brought the universe into existence at any one moment. If you really believe that the beginning of the universe is an important piece of evidence for God, an eternal universe with a low entropy state in the middle is not helping your case. What you should be doing is trying to build models, as I said.
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 So, the question is, “Are there realistic models of eternal cosmologies?” I spent half an hour on the Internet and I was able to come up with about seventeen different plausible-looking models of eternal cosmologies. I do not claim that any of these is the right answer. We’re nowhere near the right answer yet, and you can come up with objections to every one of these models. But you cannot say that they are not eternal! Like any theorem, the Borde-Guth-Vilenkin theorem is only true if certain assumptions hold. If the universe violates those assumptions, it can easily violate the theorem.
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 Meanwhile, I would argue that theism is not a serious cosmological model. That’s because cosmology is a mature subject. We care about more things than just creating the universe. We care about specific details. At cosmology conferences, we’re discussing these questions that you see before you. I’m not going to list all of them, but a real cosmological model wants to make predictions. What is the amount of density perturbation in the universe? And so forth. Theism does not even try to do this, because ultimately, theism is not well-defined.
  
 
  Teleological Argument (Fine-Tuning)

 
  Best Argument (Plays by the Rules)

  
 Let’s go to the second argument, the teleological argument from fine-tuning. I’m very happy to admit right off the bat—this is the best argument that the theists have when it comes to cosmology. That’s because it plays by the rules. You have phenomena—the parameters of particle physics and cosmology—and then, you have two different models: theism and naturalism. And you want to compare which model is the best fit for the data. I applaud that general approach. Given that, fine-tuning is still a terrible argument. It is not at all convincing. I will give you five quick reasons why theism does not offer a solution to the purported fine-tuning problem.
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 First, I am by no means convinced that there is a fine-tuning problem. Again, Dr. Craig offered no evidence for it. It is certainly true that if you change the parameters of nature, the local conditions we observe around us would change by a lot. I grant that quickly. I do not grant, “therefore life could not exist.” I will start granting that once someone tells me the conditions under which life can exist. What is the definition of life, for example? If it’s just information processing, thinking, or something like that, there’s a huge panoply of possibilities. They sound very “science fiction-y,” but then again, you’re the one who is changing the parameters of the universe. The results are going to sound like they come from a science fiction novel. Sadly, we just don’t know whether life could exist if the conditions of our universe were very different because we only see the universe that we see.
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 Second, God doesn’t need to fine-tune anything. We talk about the parameters of physics and cosmology: the mass of the electron, the strength of gravity. And we say if they weren’t the numbers that they are, then life itself could not exist. That really underestimates God by a lot, which is a surprising thing, coming from theists. In theism, life is not purely physical. It’s not purely a collection of atoms doing things, like it is in naturalism. I would think that no matter what the atoms were doing, God could still create life. God doesn’t care what the mass of the electron is. He can do what he wants. The only framework in which you can honestly say that the physical parameters of the universe must take on certain values in order for life to exist is naturalism.
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 The third point is that the fine-tunings you think are there might go away once you understand the universe better. They might only be apparent. There’s a famous example theists like to give, or even cosmologists who haven’t thought about it enough, that the expansion rate of the early universe is tuned to within 1 part in 1060. That’s the naïve, back of the envelope, pencil and paper estimate you would do. But in this case, you can do better. You can go into the equations of general relativity and there is a correct rigorous derivation of the probability.[29] If you ask the same question using the correct equations, you find that the probability is 1. Mathematically, almost all early universe cosmologies have the right expansion rate to live for a long time and allow life to exist. We can’t currently say that all parameters fit into that paradigm, but until we know the answer, we also can’t claim that they’re definitely finely-tuned.
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 Number four, there is an obvious and easy naturalistic explanation for purported fine-tuning, in the form of the cosmological multiverse. People like to worry about the multiverse. It sounds extravagant. I claim the multiverse is amazingly simple. It is not a theory; it is a prediction of physical theories that are themselves quite elegant and self-contained, which create universes after universes. There’s no reason, no right that we have, to expect that the entire universe looks like the conditions we see around us right now. But more importantly, if you take the multiverse as your starting point, you can make predictions. We live in an ensemble and we should be able to predict the likelihoods that conditions around us take different forms. So, in cosmology papers dealing with the multiverse, you see graphs like this, which try to predict the density of dark matter, given other conditions in the multiverse.[30] You do not see graphs like this in the theological papers, trying to give God credit for explaining the fine-tuning—because theism is not well-defined.
 Dr. Craig talks a lot about the Boltzmann Brain problem.[31] In some versions of the multiverse hypothesis, we can go through long stretches of nothing but empty space, but with rare quantum fluctuations into unlikely configurations of matter. If we wait long enough, we will see fluctuations that look like atoms, or viruses, or human beings, or even stars and galaxies. The Boltzmann Brain problem is that most intelligent observers in such a multiverse model could be freak observers that simply fluctuate out of empty space, rather than ordinary observers (like we think we are) that evolve gradually in the aftermath of a hot Big Bang.
 Claiming that the Boltzmann Brain problem demonstrates that the multiverse can’t be right is a significant misunderstanding of how the multiverse scenario actually works. The multiverse doesn’t say that everything that can possibly happen actually does happen with equal probability. It says that there’s a definite history of the multiverse and you can make predictions. Different multiverse models will have different ratios of ordinary observers to random observers. That’s a good thing. It helps us distinguish between viable models of the multiverse and non-viable models, and there are plenty of viable models where Boltzmann Brains, or random fluctuations, do not dominate.
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 Furthermore, just as a little preview of coming attractions, I’m currently working on a paper with Kim Boddy and Jason Pollack that says, actually, Boltzmann Brains occur much, much less frequently than we previously believed.[32] I can’t explain the argument in detail here, but it comes down to a better understanding of quantum fluctuations—the kind of fluctuations necessary to bring Boltzmann Brains into existence don’t happen in empty universes.
 There is a caricature of theism that says theism is an excuse to stop thinking. You say, “Oh, there’s a problem, I don’t need to solve it because God will solve it for me.” That’s clearly false, because many theists think very carefully and very rigorously about many problems. But sometimes, there’s an element of truth to it. This is an example. You’re faced with the Boltzmann Brain problem and you go, “I get out of that by saying that God created a single universe.” That might have stopped you from thinking about the physics in a deeper way and discovering interesting facts like my new paper with Boddy and Pollack.
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 Fifth, and most importantly, theism fails as an explanation for fine-tuning. Even if you think the universe is finely-tuned and you don’t think that naturalism can solve it, theism certainly does not solve it. If you thought it did, if you played the game honestly, what you would say is, “Here is the universe that I expect to exist under theism. I will compare it to the data and see if it fits.” What kind of universe would we expect?
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 Over and over again, the universe we actually observe matches the predictions of naturalism, not theism. If you thought the physical parameters of our universe were tuned in order to allow life to exist, you would expect enough tuning, but not too much. Under naturalism, a physical mechanism could far over-tune by an incredibly large amount that has nothing to do with the existence of life—and that is exactly what we observe. For example, the entropy of the early universe is much, much, much lower than it needs to be to allow for life. Next, you would expect under theism that the particles and parameters of particle physics would exhibit some structure, revealing that they were designed for some reason, whereas under naturalism, you’d expect them to be kind of random and a mess. Guess what? They are kind of random and a mess. You would expect, under theism, for life to play a special role in the universe. Under naturalism, you would expect life to be very insignificant. I hope I don’t need to tell you that life is very insignificant as far as the universe is concerned.
 Consider the photograph from the Hubble Space Telescope of a few hundred out of the hundreds of billions of galaxies in our observable universe.[33] The theistic explanation for cosmological fine-tuning asks you to look at this picture, and say, “I know why it is like that. It’s because I was going to be here, or we were going to be here.” But there is nothing in our experience of the universe that justifies this kind of flattering story we like to tell about ourselves.
 In fact, I would argue that the failure of theism to explain the fine-tuning of the universe is paradigmatic of the ways in which theism fails to be a better theory than naturalism. What we should be doing, over and over again, is comparing the predictions or expectations under theism to those under naturalism. We find that, over and over again, naturalism wins. I’m going to zoom through these predictions. It’s not the individual arguments that are important; it’s the cumulative effect.
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 If theism were really true, there is no reason God should be hard to find. He should be perfectly obvious, whereas in naturalism, you might expect people to believe in God, but the evidence to be thin on the ground. Under theism, you’d expect religious beliefs to be universal. There’s no reason for God to give special messages to this or that primitive tribe thousands of years ago. Why not give it to everyone? Whereas under naturalism, you’d expect different religious beliefs, mutually inconsistent with each other, to grow up under different local conditions. Under theism, you’d expect religious doctrines to last a long time in a stable way. Under naturalism, you’d expect them to adapt to social conditions.
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 Under theism, you’d expect the moral teachings of religion to be transcendent, progressive—sexism is wrong, slavery is wrong. Under naturalism, you’d expect they reflect, once again, local mores—sometimes, good rules; sometimes, not so good. You’d expect the sacred texts, under theism, to give us interesting information. Tell us about the germ theory of disease. Tell us to wash our hands before we have dinner. Under naturalism, you’d expect the sacred texts to be a mishmash—some really good parts, some poetic parts, and some boring parts and mythological parts. Under theism, you’d expect biological forms to be designed. Under naturalism, they would derive from the twists and turns of evolutionary history.
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 Under theism, minds should be independent of bodies. Under naturalism, your personality should change if you’re injured, tired, or you haven’t had your cup of coffee yet. Under theism, you’d expect that perhaps you can explain the problem of evil by arguing that God wants us to have free will. But there shouldn’t be random suffering in the universe. Life should be essentially just. At the end of the day, with theism, you basically expect the universe to be perfect. Under naturalism, it should be kind of a mess. This is very strong empirical evidence in favor of naturalism.
 I know what you’re thinking. You’re thinking, “But I can explain all of that!” I know you can explain all of that—so can I. It’s not hard to come up with ex post facto justifications for why God would have done it one way, rather than another. Why is it not hard? Because theism is not well-defined. That’s what computer scientists call a bug, not a feature.
 Immanuel Kant famously said, “There will never be an Isaac Newton for a blade of grass.” In other words: sure, you can find some physical explanation for the motion of the planets, but never for something as exquisitely organized and complex as a biological organism. Except, of course, that Charles Darwin then went and did exactly that. We can paraphrase Dr. Craig’s message as saying: there will never be an Isaac Newton for the cosmos. But everything we know about the history of science and the current state of physics says we should be much more optimistic than that.
 William Craig’s Rebuttal Speech
 Thank you, Dr. Carroll, for that vigorous interaction! In my opening speech, I argued that God’s existence is significantly more probable given the evidence of contemporary cosmology than it would have been without it. This is due to the support which cosmology lends to key premises in the cosmological and teleological arguments.
 Before we review those arguments, let me just say a word about Professor Carroll’s concluding remarks, which, I believe, are extraneous to tonight’s discussion.
 He is very concerned to show that God’s existence is improbable relative to certain non-cosmological data. For example, the problem of evil, our insignificant size, and so forth. The very fact that these are non-cosmological data shows that they are not relevant in tonight’s debate. I have addressed things such as the problem of evil extensively, for example, in Philosophical Foundations for a Christian Worldview.[34] So, the debate here is not over the probability of theism versus naturalism. That would require us to assess all sorts of non-cosmological data. Rather, the question is: is God’s existence more probable, given the data of contemporary cosmology, than it would have been without it? And I think it certainly is.
 Let’s look at those two arguments that I defended.
 The Kalām Cosmological Argument
 Consider, first, the evidence for the beginning of the universe from the expansion of the universe and thermodynamics.
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  Figure 12: The Kalām Cosmological Argument.


 The Causal Premise
 To my surprise, Dr. Carroll challenges the first premise of this argument by saying it is based on outmoded Aristotelian concepts of causality. I protest—not at all! There is no analysis given of what it means to be a cause in this first premise. You can adopt your favorite theory of causation or take causation to be a conceptual primitive. All it requires is that the universe did not pop into being, uncaused, out of absolutely nothing. If that is the price of non-theism, then I think the non-theist is welcome to it.
 Dr. Carroll says, on the Hartle-Hawking model the universe is uncaused. Not at all! The universe comes into being based on such a model, and there is nothing in the theory that would explain why that universe exists rather than not. The model may be self-contained, but that is perfectly consistent with my argument. I am not arguing for some kind of interventionist deity, but rather, why does the universe exist? Why did it come into being at all?
 Evidence from the Expansion of the Universe
 With respect to the second premise, Dr. Carroll says there are all kinds of beginningless models of the universe. Well, it certainly is true that such models exist, but the problem is that none of them is successful.
 
  Conditions mandating a beginning for kinds of allegedly beginningless models 	  Beginningless Models 
	       Model average expansion history 	Condition requiring a beginning 
	1 	Expanding models 	Singularity theorems 
	2 	Asymptotically static models 	Metastability 
	3 	Cyclic models 	Second Law of Thermodynamics 
	4 	Contracting models 	Acausal fine-tuning 



 As Jim Sinclair has shown in our article in the Blackwell Companion, all of the models that Dr. Carroll has mentioned have been shown to be either untenable or not to avert the beginning of the universe.[35] Alex Vilenkin says flatly, “There are no models at this time that give a satisfactory model for a universe without a beginning.”[36]
 Consider, in particular, Dr. Carroll’s own model.
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  Figure 13: Carroll’s allegedly beginningless model with two arrows of time (top).


 This model presupposes a reductionistic view of time, according to which the direction of time is defined in terms of entropy increase. Now, in the model, notice there are two arrows of time for the mother universe, pointing in opposite directions. So, in this view of time, we don’t really have an eternally existing mother universe here at all. Rather, you have two universes that share a common origin in the central surface. So, what the model actually implies, rather than avoids, is a beginning of time and of the universe. Time has a beginning in this model, and therefore, it involves all of the problems that are pertinent to the universe’s coming into being.
 Be that as it may, I think it is safe to say that there is no credible classical model of a beginningless universe today.
 Dr. Carroll does hold out hope that quantum cosmology might serve to restore the past eternality of the universe; but I would say that not only is there no evidence for such a hope, but I would agree with Vilenkin that if there is a quantum gravity regime prior to the Planck time, then that just is the beginning of the universe. Dr. Carroll says you can have quantum descriptions of the universe that are eternal, and that is certainly true, but the question is: why would the universe transition to classical space-time just 13 billion years ago? It could not have existed from infinity past in an unstable quantum state, and then, just 13 billion years ago, transition to classical space-time. It would have done it from eternity past, if at all.
 So, I think we’ve got good evidence from the expansion of the universe that the universe probably began to exist.
 Evidence from Thermodynamics
 What about the evidence from thermodynamics? First is the problem of information loss to baby universes in his theory. You will recall that is why Stephen Hawking rejected the baby universe hypothesis. Dr. Carroll responds, “My mechanisms for generating the baby universes don’t use Hawking’s mechanisms.” All right; but are they any more successful? I don’t think so. According to Chris Weaver, in his article on the Carroll-Chen model,
 
  The FGG [Farhi-Guth-Guven] nucleation [that Dr. Carroll uses] out of a de Sitter space-time is merely speculative and . . . Carroll’s discussion of it should be thought of as exploratory. . . . it is therefore safe to conclude that a central piece of the model is missing, and so the CC-M [Carroll-Chen model] is incomplete in that it does not have a clear recommended dynamical path from the background [space-time] to the birth of [universes] like ours.[37]


 In fact, Weaver goes on to point out that for a universe described by the Borde-Guth-Vilenkin theorem (like ours), the Farhi-Guth-Guven mechanisms cannot produce such a universe. Therefore, these mechanisms fail.
 I also, second, pointed out that there is a Boltzmann Brain problem with respect to Dr. Carroll’s model. It seems to me that he just didn’t respond to the point that I was making, namely, that since every baby universe grows into a de Sitter space, there will be vastly, vastly more of these Boltzmann Brains in the long run than there will be ordinary observers. So, what Dr. Carroll would need to do is to justify some non-standard measure of probability that would make ordinary observers more probable than Boltzmann Brains. But he admits that he cannot do it.
 We also then saw that quantum gravity will not avert this conclusion because of the Wall theorem, which should be valid for the quantum gravity era and requires a beginning of the universe.
 Summary
 So, it seems to me, we’ve got good evidence from the expansion of the universe and from thermodynamics that the universe is probably not past eternal, but began to exist.
 The Teleological Argument
 What about that second argument, based upon the fine-tuning of the universe?
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 Reality of Fine-Tuning
 Here, Dr. Carroll expresses skepticism that the fine-tuning is real. But a good many, if not most, of his colleagues would simply disagree with him here. Luke Barnes provides a list of just some of the scientists who have published works in defense of the reality of fine-tuning:
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 I can think of one more name that we should add to the list—namely, Sean Carroll! Listen to what he has to say about the low entropy condition of the early universe, which Robin Collins calls “potentially the most outstanding case of fine-tuning.”[38] Carroll writes, “If the universe we see is really all there is with the Big Bang as a low-entropy beginning, we seem to be stuck with an uncomfortable fine-tuning problem.”[39] So, he tries to explain away this fine-tuning via the world ensemble, or multiverse, hypothesis.
 Chance?
 But then, as I argued in my opening speech, he confronts the Boltzmann Brain problem once again. Even if Dr. Carroll could show that ordinary observers predominate in life-permitting worlds, what about all of those worlds that are not life-permitting because the other constants and quantities are not finely-tuned? In such worlds—which vastly outnumber finely-tuned worlds—there will be no ordinary observers, and yet there will be untold numbers of Boltzmann Brains produced by thermal fluctuations. So, the entire multiverse will be dominated by universes having vastly more Boltzmann Brains than ordinary observers such as us.[40] Therefore, the data on the multiverse hypothesis is incomprehensibly improbable. The evidence is strongly disconfirmatory of the World Ensemble hypothesis.
 Design?
 Dr. Carroll says that theism does no better in accounting for the low entropy condition of the universe. For why, he asks, did God make the entropy of the universe so unnecessarily low in order to create us? Well, I have two responses to this. First, it is no part of the fine-tuning argument to assert that the purpose for which the universe was created is us! There may well be intelligent life created by God scattered throughout the universe. But, second, as Robin Collins has pointed out, even if a general low entropy condition is not necessary for our existence, it is necessary for the discoverability of the universe. God hasn’t given us an instruction manual about how the world works. But what he has done is make a world which is susceptible to rational exploration and discovery. And if God wanted to make a universe discoverable by embodied, conscious agents, he might well make it in such a low entropy condition. (You will hear more about that tomorrow when Robin gives his paper.)[41]
 So, it seems to me that Dr. Carroll faces uniquely a Boltzmann Brain problem for a number of reasons—a problem that does not afflict theism.
 Summary and Conclusion
 So, in summary, this is not a debate between naturalism and theism. Otherwise, I would be offering ontological arguments, moral arguments, other sorts of arguments. For that debate, you need to listen to my debate with Dr. Rosenberg last year at Purdue University.[42] What this debate is about is: to what degree do the data of contemporary cosmology render God’s existence more probable than it would have been if we didn’t have that data? To my mind, it is almost undeniable that God’s existence is much more probable given the evidence that we have for the beginning of the universe and the fine-tuning of the universe. Therefore, contemporary cosmology is strongly confirmatory of theism.
 Sean Carroll’s Rebuttal Speech
 Thanks again. I think that we can just go right back to my three major points, and I think that, halfway through our forum, I believe these three major points more strongly than ever. Now, I know that Dr. Craig would disagree, but I’ll try to establish that his disagreements with number one—“naturalism works” —are based on misunderstandings of the science. And his disagreements with number two, that the evidence is against theism, are largely based on using number three—the fact that theism is not well-defined.
 So, let’s go to the Kalām Cosmological Argument. There’s a deep philosophical difference between us. I claim that a consistent, complete model that fits the data accounts for what we see in the world is a success. There’s no right that we have to demand more than that, and I believe that Dr. Craig’s response was, “Yes there is.” I don’t think this counts as a very good response. Understanding the universe at a deep level is a very difficult thing because the universe is different than our everyday experience. That doesn’t sound like a surprising statement, but we really need to take it to heart. To look at a modern cosmological model, and say, “Yes, but what was the cause?” is like looking at someone taking pictures with an iPhone, and saying, “But where does the film go?” It’s not that the answer is difficult or inscrutable; it’s completely the wrong question to be asking.
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 Why should we expect that there are “causes” or “explanations” or “reasons why” in the universe in which we live? It’s because the physical world inside of which we’re embedded has two important features. There are unbreakable patterns, laws of physics—things don’t just happen, they obey the laws—and there is an arrow of time stretching from the past to the future. The entropy was lower in the past and increases toward the future. Therefore, when you find some event or state of affairs, B, today, we can very often trace it back in time to one or a couple of possible predecessor events, A, which we therefore call the cause of B, since it leads to B, according to the laws of physics.
 But crucially, both of these features of the universe that allow us to speak the language of causes and effects are completely absent when we talk about the universe as a whole. We don’t think that our universe is part of a bigger ensemble that obeys laws. Even if it’s part of the multiverse, the multiverse is not part of a bigger ensemble that obeys laws. And we don’t think there was a low-entropy state before the beginning of the universe, out of which it arose. Therefore, nothing gives us the right to demand some kind of external cause. The idea that our intuitions about cause and effect, which we get from the everyday experience of the world in this room, should somehow be extended, without modification, to the fundamental nature of reality, is fairly absurd.
 On a more specific level, we talked about the multiverse model I developed with Jennifer Chen. Again, I’m not trying to defend my model; I’m the first one to say that it has problems. None of the problems that it has are the ones that Dr. Craig raised. He says that it’s not really eternal. It is hard to express the extent to which I think this is grasping at straws. The axis for time goes from the top to the bottom, and it goes forever. The only sense in which this universe is not eternal is that there is a moment in the middle, where the entropy is lowest. I made the point in my opening speech that that has nothing to do with the kind of beginning you would need to give God room to work. As far I can recall, Dr. Craig didn’t address that argument.
 He does say that it is speculative, the idea of baby universes coming into existence. I’m the first to agree. It’s completely speculative! He quotes a paper that says the mechanism by which baby universe are created is speculative; it might not be right. Again, that’s completely true. He claims to use it to say that unitarity is violated even though the quote he read didn’t even mention unitarity, and wasn’t about unitarity. That is not a sensible objection.
 I want to repeat the quantum eternity theorem. A sensible analysis of the history of the universe is likely to be with the rules of quantum mechanics. Then, under weak assumptions, time necessarily extends forever. He claims that Aron Wall said there might be a singularity in quantum gravity, but he gives us no understanding; he simply repeats his previous analysis.
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 So, I want to draw attention not to my model, but to a cosmological model of Anthony Aguirre and Steven Gratton.[43] Their model has the beneficial feature of being perfectly well-defined. This is a bouncing cosmology that is infinite in time; it goes from minus infinity to infinity; it has classical description everywhere. There is no possible sense in which this universe comes into existence at some moment in time. I would really like Dr. Craig to explain to us why this universe is not okay.
 Now, there’s a theorem by Alan Guth, Arvind Borde, and Alex Vilenkin that Dr. Craig says implies that the universe had a beginning. I’ve explained why that’s not true, but in case you do not trust me, I happen to have Alan Guth right here, one of the authors of the Borde-Guth-Vilenkin Theorem. Alan, what do you say?[44] He says:
 
  • “I don’t know whether the universe had a beginning.”

  • “I suspect the universe didn’t have a beginning.”

  • “It’s very likely eternal—but nobody knows.”


 Now, how in the world can the author of the Borde-Guth-Vilenkin theorem say the universe is probably eternal? For the reasons I’ve already told you. The theorem is only about classical descriptions of the universe, not about the universe itself.
 Moving to the teleological argument. Dr. Craig brings up the point that people disagree with me, which is true. I attempted to give an argument, and not merely an opinion poll. If we’re allowed to take opinion polls, I will poll my fellow cosmologists on whether God had anything to do with creating the universe, and I will win by a landslide. I suspect that Dr. Craig thinks the opinions of the majority of cosmologists is important for some issues, but not for others.
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 The entropy of the early universe is exactly backwards when it comes to being an argument for fine-tuning, according to theology. Dr. Craig quotes me in a “gotcha-moment,” saying, “Look, the early universe was finely-tuned with a low entropy.” That is absolutely true! The point that I raised was not that there is not fine-tuning; it’s that there’s no evidence the fine-tuning is for life to exist. Indeed, the maximum possible entropy of the part of the universe we observe is this huge number, 10122. The entropy that you would need is a little bit lower than that if you wanted life to exist. But it’s almost the same. It’s 0.999 etc. times the maximum entropy, whereas the actual entropy of the early universe is enormously smaller than that. There’s absolutely no reason why the universe would look like this if the fine-tunings were put there in order for life to exist. I’m not saying there aren’t fine-tunings; I’m saying they’re not there for life.
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 Turning to the multiverse, again, it is a speculative idea, but it is also a completely natural thing and I don’t really see any argument against that. The multiverse, the idea that outside the universe we see, there could be very different regions with very different physical parameters, is no more radical then the idea that there are different planets with different atmospheres. To a frog on a lily pad, the pond it lives in is its universe. To us in the universe, we see a hundred billion galaxies. Maybe that’s all there is, but it’s very, very easy to come up with physical models that have much more out there. The main argument Dr. Craig has against this is the Boltzmann Brain argument. Again, I explained why that’s not a good argument and it seems to have been ignored in Dr. Craig’s last speech—namely, that the multiverse does not predict that everything happens. It predicts certain things happen with certain frequencies. So, what you do as a working cosmologist is check that your universe is not dominated by Boltzmann Brains. Are there multiverse models that pass that test? Yes, there are. It is easily avoided. Then, he brings up this weird argument; he says, “There could be the regions where ordinary observers could not exist because the parameters are not right but Boltzmann Brains could exist.” But the whole point is that Boltzmann Brains are forms of life. Boltzmann Brains can only exist where life is possible. So, what one does in cosmology is look at the multiverse regions where life is possible and counts the number of Boltzmann Brains versus the number of ordinary observers—there are models that pass the test.
 Now, I think that this is, again, a philosophical point here because when I talked about the list of ways in which our expectations for theism come out completely wrong when you compare them to the world, Dr. Craig said, “Well, that’s not the point, we’re not arguing about morality” and things like that. That misses the point of my argument. I was not actually putting forward these as strong predictions of theism. I was making the point that there are no strong predictions of theism. It’s not that there should be no evil in the world if God exists, it’s that you can always wriggle out of the prediction that there should be no evil in the world if God exists. That’s why it’s not a good theory of the world generally; that’s why it’s not a good cosmological model, particularly.
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 Now, Dr. Craig said that we shouldn’t expect to know things about the world simply because we say that God finely-tuned it. “Just because under theism,” he says, “God made the parameters of the universe such to allow life to exist, doesn’t mean we can have any other expectation for predicting what those parameters are.” This reflects something that he said on his website earlier. In a similar context, he said, “Suppose God is more like the cosmic artist who wants to splash his canvas with the extravagance of design and who enjoys creating this fabulous cosmos designed with fantastic detail for observers.”[45] My point is that this is not some sort of sophisticated apologetic strategy. This is an admission of defeat. This is saying we should never expect theism to explain why the universe is one way, rather than some other way. You know God—God is an artist. You know artists; they’re kind of quirky and unpredictable. We can’t expect to know what they’re going to do ahead of time. Anything you might possibly observe about the universe, according to this view, I can explain as saying, “That is what God would have done.”
 In naturalism, on the contrary, you need to play by the rules. When we say in cosmology or physics that a certain parameter is finely-tuned, it’s not just that the parameter looks funny to us; it’s that we have a prior set of expectations for what values the parameters should take on, and the parameter doesn’t fit those expectations. So, we look for physical models that explain it, and that drive to understand things better helps us understand physics better, helps us understand the real world better. So, unlike God, who is an artist and can’t be predicted, nature is not an artist. Nature plays by the rules. Nature makes predictions. Nature provides explanations.
 William Craig’s Closing Speech
 Perhaps you feel like you have been drinking from a fire hose this evening! But let me, in my final speech, try to draw together some threads of the debate and see if we can draw some conclusions.
 Introductory Remarks
 I hope that it has been obvious that I am not offering God as a theory to compete with scientific theories about the universe. Rather, I am saying that those self-contained, secular theories provide evidence for theologically neutral premises in philosophical arguments leading to a conclusion that has theistic significance—premises such as “The universe began to exist” or “The fine-tuning is not due to physical necessity or to chance.” If those premises are supported, then it follows deductively that there is a creator and designer of the universe. Dr. Carroll’s complaints about theism’s not making predictions would be important only if I were offering some sort of theistic theory of the world. But I am not doing so. I am simply appealing to the cosmological evidence in support of these theologically neutral premises that go to deductively imply the existence of a creator and designer.
 The Kalām Cosmological Argument
 Let’s look again at those arguments that I defended. First, the Kalām Cosmological Argument.
 The Causal Premise
 Dr. Carroll challenges the first premise, that if the universe came into existence, there is a transcendent cause that brought the universe into being. Honestly, I am quite astonished that he would think that the universe can literally pop into being out of nothing. Let me just give three arguments for why there must be a cause.
 First of all, it seems to me a metaphysical first principle that being doesn’t come from non-being. Things don’t just pop into existence from literally nothing. Nothingness has no properties, no potentialities. It is not anything. So, it seems to me inconceivable metaphysically to think the universe can come into being from nothing.
 Second, if the universe could come into being from nothing, then why is it that only universes can pop into being out of nothing? Why not bicycles and Beethoven and root beer? What makes nothingness so discriminatory? If universes could pop into being out of nothing, then anything and everything should pop into being out of nothing. Since they do not, that suggests that things that come into being have causes.
 Finally, all the empirical evidence we have supports the truth of the causal principle. When Dr. Carroll says, “The universe is different than our experience,” this is really committing what Alexander Pruss calls the “taxi-cab fallacy,” that is to say, you go with the causal principle until you reach your desired goal, and then you think you can just dismiss it like a hack because you don’t want there to be a cause of your entity—the universe. But if the universe came into existence, if the universe is not eternal, then surely it would need to have a cause. In fact, to deny this is unscientific because the whole project of contemporary cosmogony is to try to find what is the cause of the universe! So, on his principle, it would be a science-stopper and would destroy his very field of expertise.
 The Beginning of the Universe
 Evidence from the Expansion of the Universe
 With respect to the second premise, that the universe did begin to exist, he denies that he actually has an origin of time going in two opposite directions.
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  Figure 13: Carroll’s model with a single, non-reductionistic arrow of time (left).


 But this is a different diagram of his model.[46] Notice that in this diagram, you have a non-reductionistic arrow of time that goes from past to future. This is not an arrow of time that is determined by entropy increase, as in the other diagram. This is a non-reductionistic view of time, that Professor Maudlin and I accept, where the direction of entropy increase doesn’t define the direction of time. In this model, the universe contracts down from eternity past from infinity to a relatively low entropy point, and then begins to expand again. That kind of model is physically impossible. It contradicts the second law of thermodynamics. That is why you have got to have the arrows pointing in both directions, if you want to hope for this model to be realistic. But if you have a double-headed arrow of time in both directions, then you have a beginning of time and of the universe. So, I want to co-opt Dr. Carroll’s model for myself! In his model of the universe, the universe began to exist, along with time.
 I also pointed out that on the Borde-Guth-Vilenkin theorem, there are no classical models that succeed in showing the universe to be beginningless. He rightly points out this is just classical space-time. But then, I never heard a response to my claim that if there is a quantum gravity era prior to the Planck time, then it would have to be itself finite because otherwise it becomes inexplicable why classical space-time only came into being 13 billion years ago, rather than from eternity past.
 So, I think we have got good evidence for the beginning of the universe from the expansion of the universe.
 Evidence from Thermodynamics
 As for thermodynamics, I argued that in order to explain why we are in a low entropy state, the standard answer is that the universe began relatively recently with its low entropy condition at the beginning. By contrast, his model, I charged, violates the unitarity of quantum physics. He says, “No, because I am not using the same mechanisms as Hawking.” But then, I pointed out that the mechanisms that he appeals to are both conjectural and actually incompatible with a universe described by the Borde-Guth-Vilenkin theorem, as Christopher Weaver points out in his critique of the model.
 Second, the Boltzmann Brain problem. I don’t think that Dr. Carroll has really come to grips with this, quite honestly. There are at least two reasons why Boltzmann Brains would dominate. First, because in his multiverse model, in the long run, every baby universe becomes a de Sitter space and will become dominated by Boltzmann Brains. Second, in all of the other worlds that are not fine-tuned, there just aren’t any ordinary observers, but there will be thermal fluctuations that will produce Boltzmann Brains. So, he is the one who has to justify some non-standard measure of probability in order to explain why ordinary observers such as us should exist rather than Boltzmann Brains.
 Then, I appealed to the Wall theorem to show that even in a quantum gravity theory, you are not going to avoid the beginning of the universe. Dr. Carroll may have responded to this, but if he did, it went by so quick, I didn’t hear it. So, it seems to me, we’ve still got the Wall theorem showing that even with a quantum gravity era, there has to be a beginning.
 The Teleological Argument
 Design?
 As to the teleological argument from fine-tuning, he seems to have rested his entire case here on the fact that entropy would be way, way unnecessarily too small on theism. But I gave two responses to that. First, there may be life throughout the universe, not just us. Second, as Robin [Collins] has pointed out, the low entropy condition is suitable for the discoverability of the universe. By contrast, in his view, it is incomprehensibly improbable that we should exist, given the equilibrium or the heat death state at which the universe would more probably exist.
 Summary and Conclusion
 So, in sum, it seems to me that we have got good evidence that the universe began to exist, and that, therefore, there must be a Creator that brought it into being. Moreover, this is a personal Designer of the universe in view of the fine-tuning of the universe for intelligent, interactive agents such as ourselves.
 Sean Carroll’s Closing Speech
 All right, congratulations to everyone for having made it this far. I will confess a bit of frustration in this final talk because I think almost everything that Dr. Craig had said in his last talk, he had already said, and I tried to give my best response to it. They weren’t always matched. So, I’m going to take advantage of that to do something bizarre and unpredictable, which I’ll get to in a second.
 First, I want to notice some of the things he did say. He said he was astonished that I refused to accept the fact that things need causes to happen. To which I can only quote David Lewis, “I do not know how to refute an incredulous stare.” I tried to give the reason why the causation analysis that we use for objects within the universe does not apply to the universe, but that more or less whizzed on by.
 Dr. Craig gets a lot of mileage out of the presumed nuttiness of things just popping into existence. “Why don’t bicycles just pop into existence?” Again, I tried to explain what makes the universe different. But more importantly, the phrase “popping into existence” is not the right one to use when you’re talking about the universe. It sounds as if it’s something that happens in time. That’s not the right way to think about it, because there is no “before” the beginning, if there’s a beginning. The correct thing to say is, “There was a first moment of time.” When you say it that way, it doesn’t sound so implausible. The question is, “Is there a model in which that’s true?” Do the equations of the model hang together? Does the model fit the data? And we have plausibly positive answers to all of those questions.
 He spends a lot of time on my own model, more time than I would have spent on it. He is upset that I did not include an arrow at the bottom in my axis when I drew the graph previously. I don’t care about that. The double arrows here are just to express the fact that there’s no intrinsic arrow of time. The arrow of time that we experience is because of the behavior of matter in the universe—the entropy increasing. And he says that’s in violation of the Second Law of Thermodynamics. Actually, it is an explanation of the Second Law of Thermodynamics! This is the reason why we, in our little part of the universe, observe the second law. He mentions once again Boltzmann Brains, and he says that there should be more Boltzmann Brains than ordinary observers. I again explained why that’s not true, because it’s a model-dependent statement. In this particular model, it turns out to be easier to make a universe than to make a brain. That’s a selling point of the model.
 So, with that under our belts, I want to go off-topic and talk about issues beyond naturalism and theism. We’re having a discussion here about God and cosmology, but let’s pull back the curtain a little bit.
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 There are very few people in the modern world who become religious, to come to believe in God, because it provides the best cosmology or because it provides the best physics or biology, or psychology, or anything like that. And that includes Dr. Craig. There’s a famous quote by him that says that the real reason, the primary reason, for believing in Christianity isn’t cosmological arguments.[47] I’m not mentioning this as a criticism; it is simply an observation of fact. There are other reasons to be a theist other than cosmology, and I think that is true. I think that makes sense. Most people who become religious do so for other reasons—because it gives them a sense of community, a sense of connection with the transcendent, it provides meaning or fellowship in their lives. The problem is that the basis of religion in the modern Western world is theism, belief in the existence of God. I’ve tried to make the case that science undermines theism pretty devastatingly. Five hundred years ago, it would have made perfect sense to be a theist. I would have been a theist five hundred years ago. By two hundred years ago, science had progressed to the point where it was no longer the best theory. By one hundred years ago, after Darwin, it was a rout. And these days, with modern cosmology, there’s no longer any reason to take that as your fundamental worldview.
 So, what do you do if you identify as a member of a religious tradition in this situation? I think there are three options. One is to deny the science, to think that the world is six thousand years old. Happily, nobody up here on this stage today takes that attitude. That was a previous debate from a couple weeks ago (referring to the debate between Ken Ham and Bill Nye).
 But there is a second attitude, which is to accept the science, but deny the implications—to say that none of the progress of modern science has, in any way, altered the fundamental view of reality that we put together two thousand years ago. I think that there are two reasons why that’s not a good idea. Number one, I think it’s wrong, as I tried to explain throughout the debate. But number two, I think it’s a strategic mistake. I think that if one believes in theism, that belief must be central to one’s view of the world for many, many other reasons, and because theism has been undermined by science, it takes theists and it marginalizes them as part of the wider intellectual conversation. Humanity is at a crossroads. It’s at a very important time in the history of the world. We need to have deep discussions about who we are and where we’re going, and people who cling to the belief in God after science has undermined it are increasingly not going to be part of that discussion.
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 We talked about cosmologists and physicists; here’s what philosophers believe.[48] There’s a recent survey that asked philosophers thirty big questions. And you know philosophers don’t agree on anything, but here are the three questions they had the greatest amount of consensus on: external reality exists, science tells us something about that external reality, and God does not exist. Now, you know, you can get three philosophers in a room and they won’t even agree that there are three philosophers in the room. So, the fact that there’s 73 percent is still very impressive, and this survey includes professional philosophers of religion.
 So, I claim that there is a third option. Here’s the point where I start giving people advice, who did not ask me for any advice. So I ask your indulgence here. The third option, as I see it, is for the person who is religious to say, “Look, we admit we were wrong. We were wrong hundreds of years ago when we based our belief system on the idea that God was in charge of it all. Of course we were wrong, it was two thousand years ago! We didn’t have microscopes or telescopes. What right do we have to think that we would have gotten the fundamental nature of reality right? But,” this person could hypothetically say, “religion is much more than theism. It’s not just the belief in God. There is the fellowship we feel for our fellow human beings.”
 For centuries, religious traditions were the place where human beings did their most careful, sustained, and rigorous contemplation about what it means to be human, about what it means to experience joy or suffering, to feel camaraderie with your fellow man, to be charitable, and so forth—to have meaning and purpose in our lives. So, maybe this person could say there is something to be learned, even for naturalists, from the outcome of all that contemplation. Maybe there is wisdom in the Scriptures and the Sermon on the Mount, in the art and the music, and the lives of the saints, or for that matter, the Bhagavad Gita or the Tao Te Ching. I don’t know whether there is wisdom there; I’m asking for guidance. At the end of the day, we’re all human beings trying to figure out our way in this confusing world.
 The point is that naturalism replaces theism, but it doesn’t replace religion. It doesn’t necessarily provide answers to the hard questions of meaning and fulfillment and purpose. I do think that it can. I find naturalism, personally, to be an inspirational and profound view of the world. Ironically, the part I find most inspirational is the fact that some day, I will die. Everyone in this room will someday be dead, and there will not be an afterlife, a continuance, a judgment. The lives we lead now are not dress rehearsals. They are the only performance we have. Therefore, what matters is what is here—the people we know and love, the lives we can change, the good we can do for the world. That is all there is, so, of course, that is what matters. Another way of putting it is to say that naturalism has addressed the easy questions, the basic physical features of how the world works, but there are hard questions of meaning and purpose and fulfillment yet to be answered. We have picked the low-hanging fruit off the tree of knowledge, but there are a lot of succulent goodies up there on the higher branches. And we’ll get there faster if we all climb together.
 Question and Answer Period
 MODERATOR: Let’s give them both another hand. [applause] The one thing I am amazed by is that even they disagree about the nature of time they both stayed on time. [laughter] Thanks, guys! Before we begin with our Q&A time, let me explain how this is going to work. We have a microphone in each aisle for questions. The aisle on Sean’s side is for questions for Sean Carroll. The aisle over here by Bill’s side is for questions for Bill Craig. We will alternate from one to the other, and we’ll have an even number of questions. When a question is asked to Sean, Sean will have two minutes to answer. If Bill wants to respond, he’ll have up to one minute. And vice versa—when a question is asked to Bill, he has up to two minutes to answer, and Sean has up to one minute.
 Let me give some instructions to those who are asking questions. Number one: state your question within approximately twenty seconds. Number two: make sure that it’s a real question. [laughter] The way to make sure that you’re asking real questions is ask yourself a question. First, ask yourself this question: was I paid to come here? [laughter] Exactly! If you were not paid to come here, then you are welcome to ask a question, but you are not invited to lecture. So make sure it’s a real question. Second, ask yourself this question: will everyone benefit from hearing this question? Is it a question that’s likely to shed light on the subject at hand? Or is it more akin to some interesting thoughts you had one night after your third highball? You’ve heard it said, there is no such thing as a stupid question. That’s not true. [laughter] That’s a stupid saying. You also need to know that you only get to ask one question. When you ask your question, step away from the microphone. No follow-ups, unless Sean or Bill asks you for one. For instance, if they don’t understand what you’re saying and they ask you a question, you can clarify it. So, we can get more questions in and everyone will be happier. So, come to the microphones now, and we will begin. Finally: here at the Greer-Heard Forum, we follow Robert’s Rules. My name is Robert, I make the rules. [laughter]
 QUESTION 1: Dr. Carroll, thank you for being here tonight, sir. You said something like, “If you have a fully explainable model, why do you keep looking for something else to add?” Now, my question is this: if you took as a metaphor for the universe, say, that we have a complete and entire physical explanation for the existence of the jet engine—you know, we can talk about internal combustion, all the things that go into making it and so forth—but does that complete knowledge mean that Frank Whittle didn’t exist? Does a fully accurate mathematical model make this so? My question is this, exactly: isn’t this a category mistake to assume that it does; namely, that law and mechanism does away with personal agency?
 DR. CARROLL: Great. It’s a very good question, and I think the answer is that the universe is different than things inside the universe. As I tried to explain, there is a reason why there are reasons why. There are reasons why in our everyday life, it is perfectly correct to speak a language of causation and explanation and invention and creation, and when you look carefully what those reasons are, they don’t apply to the universe. The universe isn’t part of a bigger structure in which there are patterns, evolution laws, arrows of time, expectations for what should happen. So, a jet engine and a universe are just not very analogous to each other.
 DR. CRAIG: It seems to me that that’s just fantastic, to think that the universe could just come into being from non-being; that it just pops into existence. And, as I said, if one says that that is possible, then you’re confronted with the difficulty: why only universes? It seems to me then that everything and anything would come into being from nothing because there’s nothing about nothing that could make it discriminate between universes and anything else. So, it seems to me that this is a difference without a difference. I would say that the condition that applies to the universe that makes the causal principle relevant would be its beginning to exist. If a horse begins to exist, there’s got to be a cause for that. If a building begins to exist, there’s got to be a cause for that. Similarly, if the universe begins to exist, there needs to be a cause for that. And in that respect, the conditions for the causal principle do apply.
 QUESTION 2: Dr. Craig, what would you say to a Thomist, a follower of Thomas Aquinas, who says, “I have good arguments for God such as Aquinas’s Five Ways that are based on indubitable metaphysical principles. It would be imprudent to advance a theistic argument that rests even partly on modern science since science can change and if some theistic argument loses face as science changes so does theism.?” Dr. Craig, what about this charge of imprudence from the Thomist.
 DR. CRAIG: I would say that Thomas Aquinas’s own metaphysical principles are highly dubious and in doubt, and that therefore, I have little confidence that his arguments are, as he claimed, demonstrations. Aquinas was familiar with the Kalām Cosmological Argument. This is a very ancient argument, and he was aware of the Muslim medieval thinkers who championed it. And Aquinas said if the universe did began to exist, then clearly, there had to be a cause of the beginning and of motion. But he thought you couldn’t prove with demonstrative certainty that the universe did begin to exist. (Of course, they had none of the modern empirical evidence.) But I am persuaded, and I think Aquinas would agree, that the philosophical arguments for the beginning were good probability arguments, even if they weren’t mathematical demonstrations. So, I think Aquinas simply raised the bar too high for what constitutes a good argument for God’s existence. We don’t need to have certainty or mathematical demonstrability. All we need to do is offer arguments that are logically valid, have true premises, and the premises are more plausibly true than not. And if that’s right, then that’s a good argument for the conclusion. And I think we’ve got such arguments today, and we shouldn’t be preoccupied with Aquinas’s concern for metaphysical or mathematical demonstration.
 DR. CARROLL: One of the architects of the Big Bang model was George Lemaître, who was a Belgian physicist, mathematical physicist, MIT and Harvard graduate, and also a priest. And later in life, in the 1950s, he was serving on a papal commission. The Pope at the time wanted to put forward a statement that said, “Look! The Big Bang! Excellent evidence for the existence of God.” And Lemaître stopped him from doing that. He said, “No, you can’t get your peanut butter of theology mixed up with the chocolate of science. It does not actually taste great together because, who knows, someday someone will come up with a theory of the universe that is eternal and there isn’t a Big Bang anymore.” Here, Dr. Craig and I are on the same side. We think that Lemaître was wrong to make that kind of statement. We both believe that if you’re going to be an intellectually honest theist, you need to accord with the best data from the universe. And as we both agree, science isn’t in the job of proving things with metaphysical certitude. It says that models get better and better at fitting the data. I think that works just as well for theism as it does for naturalism.
 QUESTION 3: Dr. Carroll, at the end of your first speech, you mentioned how, in a nutshell, the theist weasels his way out of predictions that we would make based on the evidence. That seems to be assuming that naturalism is some sort of default position and that theism is just adding one step on to it. My question is: do you not find that naturalism is a sort of a bent, an angle, that you’re coming at in, that you allow nothing in that realm? Might it be the case that you’re so shut off from the beginning that nothing could ever, ever, ever meet the evidence? Like Lawrence Krauss says, even if it was written in the sky, he would maybe consider it.
 DR. CARROLL: I think this is a good point. Personally, I think that there would be no problem for me to be persuaded out of naturalism. After all, the roof is not falling on me. [laughter]. But I think it’s a matter of what is the model that best fits the data. Again, five hundred years ago, I would have been a committed theist because that was the best we could have done at the time. So, I think that it is not an assumption. Sometimes, people try to say that naturalists start from an assumption of naturalism, so they just simply won’t consider alternatives. I’m very happy to consider alternatives. I think that if there were some phenomenon in the world which really looked exactly like some religious tradition was saying should happen and was miraculous, was seemingly violating the laws of physics, what would scientists do in that situation? They would not say, “Oh, we’re not allowed to think about this because we agreed yesterday at faculty tea that the world was a natural world.” I think they would try to come up with the best explanation. If the best explanation were not naturalism, then I would buy that. I will say that naturalism seems to me to be a priori simpler than theism because naturalism is the natural world, theism has the natural world and something else that I think is ill-defined. But I didn’t actually use that. I think in a proper quantitative Bayesian probability analysis, the probability I start with for naturalism is higher than my starting probability for theism, but overwhelming evidence will always take care of that. I just don’t think the evidence is there.
 DR. CRAIG: Both the naturalist and the theist can be stubbornly committed to their worldviews and not allow contrary evidence to overthrow it. Naturalists are just as adept as theists at explaining away evidence that they find inconvenient—even to the extent of asserting that the universe popped into being out of nothing! So that’s a charge that, I think, goes both ways. It would be possible to falsify theism, for example, by showing a contradiction in the concept of God, as some have sought to do—that there could not be, for example, an omniscient person or a timeless person or something of that sort. So, that would be a means of falsifying theism if one could go that route.
 QUESTION 4: Dr. Craig, I’d like to understand whether the kalām argument (because I am struggling with this) . . . You’re stating that the universe has a beginning, and then, you evoke cause and effect, but cause and effect is a temporal concept. So, if there is no time?
 DR. CRAIG: Cause and effect is what?
 QUESTION 4: It is a temporal concept; it makes sense if time exists. But before the universe, there’s no time, and considering that, why would you need a cause when the concept of cause and effect does not make really any sense?
 DR. CRAIG: Now, when you say that cause and effect are temporal concepts, what do you mean by that?
 QUESTION 4: Well, that if you have a cause, it always precedes the effect.
 DR. CRAIG: Ah, that’s what I thought you might think! I don’t think that’s at all true. Don’t you think that causes and effects can be simultaneous?
 QUESTION 4: If they are, then God and universe came into being at the same time, then why would you need God to explain the birth of the universe because they’re born at the same time?
 DR. CRAIG: Okay, so you are willing to grant that causes and their effects can be simultaneous—right?
 QUESTION 4: Sure.
 DR. CRAIG: Okay, yes, I think that that’s evident. So, what I would say is that God’s creation of the universe is simultaneous with the universe’s coming into being. And what could be more obvious than that, when you think about it? When else could it come into being than at the moment when God created it? So, my own studied view of God’s relationship to time—which is a terribly interesting subject—is that God is timeless without creation and he is in time from the moment of creation on. The exercise of causal power by which God brings the universe into being marks God’s entrance, as it were, into time in virtue of his causal relationship with the effect that he brings about. So, I don’t think causes do need to precede their effects temporally; they can be simultaneous with them. And in the case of creation, I would say the universe comes into being at t=0, and that is the same moment at which God causes the universe to come into being.
 DR. CARROLL: I’m pretty sure nobody cares about my opinion of God’s atemporality, [laughter] so I will use this as an excuse to reiterate my objection to the language of coming into existence or popping into existence. That is not what the universe does, even in models where the universe has a beginning, a first moment. Because the verb popping, the verb “to pop,” has a temporal connotation. It sounds as if you waited a while, and then, pop, there was the universe. But that’s exactly wrong. The correct statement is that there are models that are complete and consistent in which there is a first moment of time. That is not the same as to say there was some process by which the universe popped into being. That’s yet another difference between the universe and things inside the universe.
 QUESTION 5: Dr. Carroll, you said in prior talks that in the laws of physics that we observe today, there’s no room for free will. I’d like to know—granted that I consider you to be a rational, critical thinker—how do you reconcile critical thinking if, at the same time, you believe we don’t have the free will to choose between true and false premises and valid and invalid logic. If those choices are made for you how is anything anybody says not immediately irrational?
 DR. CARROLL: I know I’m in trouble when someone says, “I consider you to be a rational thinker” before they ask me the question. [laughter] I’m not exactly sure what you read. I think if you read carefully, I believe in free will. I’m pro-free will. I think of free will as an emergent concept in a universe that, at the fundamental level, is completely mechanistic. I think there are laws of physics that do not allow for what we call a libertarian approach to free will. I do not think that human beings supersede the laws of physics. I think that human beings are collections of elementary particles interacting according to the laws of physics. And if I were to, say, write down every single particle in my body and I had a Laplace’s-demon level of computational ability, I could predict what I would do. But I don’t have any of that. I don’t have the information, the micro-state of my quantum mechanical wave function, and therefore, the vocabulary I use to describe myself is as human being making choices according to rational principles. And I think that it is absolutely legitimate in that framework to say that free will is real. The most I ever wrote on free will was a short blog post called “Free Will Is as Real as Baseball.”[49] Baseball is nowhere to be found in the fundamental laws of physics. It is a description at a collective level of things that happen in the macroscopic world. That doesn’t mean that baseball doesn’t exist, it just means that it’s not there in the fundamental laws. I think that free will is exactly the same way. I think there is nothing wrong with using the language of people making choices, people being correct or incorrect.
 DR. CRAIG: Well, it seems to me that in your view, free will is ultimately illusory because everything we do is determined by what goes on at the fundamental level. And therefore, even though I have the illusion of free will, if I could really understand it, I would see that, in fact, I am determined to do everything that I do—including believing in determinism, which makes my choice to believe in determinism, it seems to me, irrational—or arational, I should say. I’m simply determined to believe in determinism. So, I don’t think it’s helpful to talk about free will as an emergent reality when, at a fundamental level, you’re affirming determinism. Then it’s freedom only in name and not in reality, and in that case I think the questioner is right—it’s very difficult to see how anything I do is rational. It’s just like a tree growing a branch. It’s all determined by mindless forces.
 QUESTION 6: Dr. Craig, it’s an honor to speak with you tonight. I was going to ask Dr. Carroll something, but the line was so long, and I like short lines. So, I came over here. [laughter] I’m not an atheist.
 DR. CRAIG: You could say, “If you were Dr. Carroll, what would you . . .” [laughter]
 QUESTION 6: There you go! I’m not an atheist, an agnostic, or a classical theist. I feel like there’s a middle camp between the two of you that’s ignored, and I’m more along the lines of a panentheist, along the lines of Spinoza and Einstein, and I think that that whole discussion gets lost here tonight. But the real question I want to get to and the important one, I think, is what Roger Penrose talks about with the necessity of conscious observation and the neglect of the Copenhagen interpretation of quantum mechanics among practicing physicists who seem to ignore the necessity of conscious observation creating quantum decoherence. And I wanted to find out what you thought about Roger Penrose and his ideas.
 DR. CRAIG: Well, there are at least 10 different physical interpretations of the equations of quantum mechanics, and they’re all empirically equivalent, they’re mathematically consistent, and no one knows which, if any, of them is the correct physical interpretation. I’m inclined to agree with philosophers of science who think of the traditional Copenhagen Interpretation as really just quite unintelligible. And I’m therefore more inclined to some sort of deterministic theory of quantum mechanics, such as David Bohm’s quantum mechanics. [laughter] Now I know that Sean Carroll holds to Everett’s Many Worlds Interpretation; but that, again, seems to me to be just fantastic and has difficulty making sense out of the probabilities in quantum theory. But basically, I don’t think we need to decide. No one knows for sure what is the correct physical interpretation. It works, and that’s what the practicing scientist is concerned with. But it remains a matter of deep debate as to how to understand it.
 DR. CARROLL: Well, I’m glad we found another very important area of agreement between Dr. Craig and myself. The Copenhagen interpretation is basically nonsense. No thoughtful person still holds to it, and yet, we teach it to all of our undergraduates—that’s kind of a scandal. [laughter] And no one knows what the right answer is; I would also agree with that. I do hold to the Many Worlds interpretation. I think that there is a consistent split we have because the statement of the Many Worlds interpretation bothers people at an emotional level. I mean, where do you put all of those worlds? How do you fit them into the universe? But when you look at the level of the equations, it is the simplest possible interpretation of quantum mechanics. There are important questions that are still raised about it. I’m also writing papers about that.[50] I think these are important issues to be addressed. But I judge simplicity by the number of ideas and concepts, not by the number of universes.
 QUESTION 7: Thank you for taking my question. Assume we had a model of the universe that corresponds to reality concerning all material things. Is it still logically possible to affirm the existence of a God?
 DR. CARROLL: Yes. [laughter]
 DR. CRAIG: I didn’t hear the final words, is it still possible to what?
 DR. CARROLL: Yeah, maybe say the whole thing over again.
 QUESTION 7: Assume we had a model of the universe that corresponds to reality concerning all material things. Is it still logically possible to affirm the existence of a God?
 DR. CARROLL: Good. So: yes.
 DR. CRAIG: Sure.
 DR. CARROLL: You can. It’s logically possible to assert a whole bunch of things. I mean, it’s logically possible to assert that Isaac Newton had the right theory of gravity and Einstein didn’t. It’s logically possible to assert the steady state theory. I get emails from people who believe things like this. They’re not very logical people, admittedly. But the way that science goes about deciding on theories is not on the basis of logic alone. You want your theories to be logical—I think that’s a minimum requirement. But there are many, many logical theories. One of them is that we’re all living in a computer simulation, that there’s a mad scientist out there. One of them is that none of you exist and I’m a brain in a vat. These are all logical possibilities. And about a similar level of plausibility in my mind is the logical possibility that we live in a world that always obeys the laws of physics, and yet, God created it and is hiding from us. So, it is absolutely logically possible—I don’t give it a lot of credence.
 DR. CRAIG: Yes, logical possibility is simply too easy. And therefore, I think, you probably meant something, perhaps, different than just mere logical possibility. What we’re talking about is, maybe, metaphysical possibility, or plausibility? Those are the real issues that, I think, are important because it would be pretty surprising if you could show that something like this would be logically impossible.
 QUESTION 8: Dr. Craig, you’ve been very skeptical about the idea of universes just popping into existence. Does cosmology have anything to say about where God might have come from? Or, are we allowed to think that he could have popped into existence?
 DR. CRAIG: No, obviously cosmology would not have anything to say about where God came from because God is a non-physical, transcendent entity beyond the universe. That’s why I used the word transcendent in that argument—this is something beyond the universe. The universe is defined as all contiguous physical reality. But I do want to take this opportunity to highlight for you a very significant difference between Sean and myself that is a philosophical difference that has tremendous impact upon this whole debate. And that has to do with this idea of “popping into existence.” If I’m not mistaken, Dr. Carroll holds to what is called a tenseless theory of time. That is to say, past, present, and future events are all equally real. Temporal becoming is merely a subjective illusion of human consciousness. There is nothing privileged about the present, ontologically speaking. I hold quite a different view of time. I think that temporal becoming is a real and objective feature of the universe. The future doesn’t, in any sense, exist; things really do come into being and go out of being. And that’s why I use the language of popping into existence. Not because I illicitly presuppose time prior to the origin of the universe, but because I believe in a tensed theory of time, which affirms the objectivity of temporal becoming. And in that view, the beginning of the universe does not just tenselessly exist. The universe comes into being, and surely that requires a cause. Now, this is not just an unfounded metaphysical assumption on my part. I’ve written two books on this, in which I defend the tensed theory of time, giving arguments for it and answering objections against it, and then I attack the tenseless theory of time, giving arguments against it and answering arguments for it.[51] But this is a huge metaphysical assumption that underlies this debate and divides us.
 DR. CARROLL: I will confess, I don’t know. This is not answering your question, but it’s a confession that as a scientist, there is this enormous temptation that I am constantly resisting when I am in dialogue between science and theology. As theologians talk about the relationship between God and time, or God’s status as necessary or anything like that, there’s a big part of me that wants to say, “Why are you working so hard to extract yourself from these dilemmas when you can just say God doesn’t exist?” It just sounds crazy. And then, I realize I’m a cosmologist. And people could say the same thing about everything that I say. There are plenty of things that I say that sound crazy. So, all I’m saying is that these are difficult, interesting questions, and it’s very, very hard on the basis of thinking alone to get the right answers. That’s why scientists have this huge advantage—we collect data.
 QUESTION 9: Dr. Carroll, you asserted that theism is unreasonable, at least in part because the term God is poorly defined. So, at the end of your first talk, you said, “The solution to the problem that, from a theist’s point of view, the world is not as we would predict, is easily solvable because of the flexibility of the terminology of God. So, the theist can simply form any of hundreds of models of God that explain why the world is the way it is while maintaining the creative agency of God. And that’s unreasonable.” But when you want to show the plausibility of an eternal universe, you build a model and you showed 17 of those and you said that all of them could work, but you don’t think that any of them are right. They could be right, but you don’t think they’re right. And that is reasonable. And I’m just wondering if you could clear up for me how that’s consistent.
 DR. CARROLL: Sure, that’s fine. I think there is a difference in principle between the theist trying to use the idea of God to explain all these different aspects of the universe and the scientist developing many, many mutually inconsistent models and not know which one is right until they’re developed. I think that with every one of these scientific models, there is an expectation, indeed a demand, that when we understand the model perfectly, it will make absolutely unambiguous “unwiggle-out-able-of” predictions about what the universe is like. I think this is not, in principle, possible in theism. I think—and different theists probably have different expectations about this—but I think that theists would not claim that once we understand God perfectly we would be able to predict the mass of the Higgs Boson. But a physicist would claim that once we have the correct theory of everything, we will be able to predict the mass of the Higgs Boson, and I think that’s an absolutely crucial distinction.
 DR. CRAIG: I love this question because in the same way that the scientist develops models of the universe in order to understand it, the theologian does the same thing with respect to God—different models of God, understanding what he’s like. And for Christians, the biblical data concerning God is underdeterminative. There’s a great deal of latitude in developing your model or concept of God. For example, one of the classic questions is, “Is God timeless or is he infinite throughout all time?” And theologians develop different models of God and time, and then these models are tested. They’re not tested by predictability, but they’re tested by their coherence and by how well, for example, they would explain how an eternal being could create the universe, or how he could know, for example, tensed facts. I’ve written a great deal on this, and so you’re quite right in saying it’s analogous or parallel.
 QUESTION 10: Dr. Craig, you use the Borde-Guth-Vilenkin theory to justify an absolute beginning of the universe, and I was curious how you would address the point that was brought up about Guth probably holding that the universe, in fact, was eternal.
 DR. CRAIG: I haven’t spoken to him about it. I have spoken with Vilenkin. I think that they would agree that the theorem under this single stated condition shows that classical space-time did have to have a beginning, and Guth doesn’t dispute that, he says that. Now, when he holds up a little sign saying, “I think the universe is probably eternal,” that’s probably just reflecting a sort of personal preference or skepticism that maybe we’ll find a quantum theory or something that will be a non-classical model that will restore the eternality of the universe. That could be his predisposition, or his hope, or hunch, or something of that sort. But in terms of scientific evidence, there’s no evidence at all that the universe is beginningless. As Vilenkin said, all of the evidence is on one side of the scale, that the universe began to exist, and there are no models of a beginningless universe that are successful. So, I don’t know exactly what he meant by that. But I think we do know that the implications of the theorem are that any model that falls under its single condition will have a beginning to classical space-time. And also I would say that models that don’t fall under that condition usually always have other problems, as well. And then, I argued that this quantum gravity regime, if there was such a thing that preceded the classical space-time regime, that marked the beginning of the universe, if the universe didn’t begin at the classical space-time boundary.
 DR. CARROLL: I don’t think it’s the right thing to say that the Borde-Guth-Vilenkin theorem says that the classical universe had a beginning. The part of the universe that we can describe using classical space-time had a beginning, just like this room had a beginning. But that says nothing at all about the universe as a whole. Alan Guth does not believe the universe is eternal because it’s a hunch or personal preference. It’s because he’s a scientist and he’s trying to develop models that fit the data. We have puzzles in cosmology. Given his knowledge of the models, he believes the best way forward, the most promising way forward, is to look for models in which the universe is eternal. He knows that there is a theorem saying if you obey the rules of quantum mechanics under the assumptions I gave, the universe must be eternal. He knows the early universe had a low entropy and the best possible explanation we currently have for dynamically explaining that involves an eternal cosmology. This is exactly how scientists work all the time.
 QUESTION 11: Dr. Carroll, someone actually got to this question earlier, so just kind of a repeat and maybe you have some further comment on it. But suppose there was, you know, a naturalistic model for the universe and everything. What would your rebuttal be for someone who said there is yet a God that still works outside that model? Those might kind of be unfalsifiable, but I’d still like a comment on that.
 DR. CARROLL: I think that, again, it is absolutely conceivable. Let’s go all the way to the extreme. I completely can conceive of a universe that was brought into existence by God who was omnipotent and so forth. and for whatever reason, God has chosen to be completely invisible and the universe runs by purely naturalistic principles. I’m not saying that it is logically impossible or even that it is illegitimate to conceive of that possibility. I just say it gets you nothing. By all of the conventional standards of scientific or even philosophical explanation, if I have two possible models that fit what we observe about the universe and one of them has less stuff, less ideas, it is more self-contained, is more rigid and well-defined than the other one, I’m going to prefer that one. I’m never going to say I completely rule the other one out. And this is not a completely hypothetical circumstance. Cosmology, quantum mechanics, quantum field theory, particle physics are full of many, many models that are, in principle, compatible with the data, but only if you take some parameters and push them out to where they shouldn’t be, make them very, very small, make them very, very invisible. We put limits on our theories. We do not rule them out entirely. But when the limits, the constraints, become too strong, the theories become uninteresting. We have a better way of moving forward. To me, that’s the situation with naturalism vs. theism.
 DR. CRAIG: The arguments that I’ve offered tonight are consistent with the universe’s being self-contained in the way that Dr. Carroll described. So, that needn’t be an issue of debate between us. But I don’t see any reason to think that the universe is self-contained. I don’t see any reason at all to think that the transcendent God doesn’t act miraculously in the world. And there’s simply no way that Dr. Carroll, as a scientist, could know that God never acts miraculously in the universe. So that the idea that the universe is causally closed or self-contained is really a naturalistic article of faith. It’s a metaphysical presupposition, not an inference drawn on the basis of science.
 QUESTION 12: Dr. Craig, oftentimes, particularly when believers or theists are talking about religion inside the arena of religion, they are very, very comfortable; they know what they’re talking about. But when they leave that arena and they go into places and talk about cosmology or they talk about medicine, it seems like that they are trying to make their religious beliefs fit into that sphere. So, my question is this, and given that you said a few seconds ago, God is not of this world or bigger than this world, why would he find it important to have a discussion about medicine, or find it important to have a discussion about the stars? Why would that be significant or relevant to him? Because, I mean, he is omnipotent.
 DR. CRAIG: As a systematic theologian, I am committed to having what I call a synoptic worldview, that is to say, a worldview that takes into account all of the data of human experience, not only what we learn from revealed truth in theology, but also from science, from history, from psychology, and the humanities. As a Christian, I want to have a world and life view that makes sense of reality. And so, I think that’s why the Christian is vitally interested in these subjects and why I, as a philosopher and theologian, am terribly interested in these scientific theories about the origin of the universe, about the fundamental nature of physical reality, about the origin and evolution of biological complexity. I want to have a worldview that makes sense of the data of science. And I think that’s one of the great things about the Christian worldview, that it does form a coherent worldview that answers our deepest questions, and yet is consistent with what we learn from other sources of knowledge. So that’s why I am committed to the project of developing this sort of synoptic world and life view.
 DR. CARROLL: I hesitate when it’s my job to tell believers what to think. And then, I do it. So, I’m not a believer, but if I were a believer, if I were a theist, to me, I would think that the fact of my theism would be absolutely central to everything I believed about the world in all of its aspects. I think that there’s a modern tendency to try to shield religious belief and practice from the encroachment of scientific knowledge by saying, well, my religion has to do with my practice and my values, but nothing to do with the physical world, the biological world, the scientific world. I think that that is actually a much less intellectually honest point of view than one like Dr. Craig’s that engages with the full picture.
 QUESTION 13: Dr. Carroll, I’m going to try to phrase this without using terms I know you don’t like—so make this a how question instead of a why question. If our universe, our observable universe, had a first moment in time, and naturalism is true, then it would seem that we need to explain that with some sort of eternal existing set of conditions, and they would have to be necessary and sufficient to produce the effect, which is our universe coming into being or having a first moment in time. So, the difficulty seems to be that if we have an eternally existing set of causal conditions that are sufficient to produce the effect, why isn’t the effect coeternal with the cause? It seems like that’s very problematic, and it seems like the easiest explanation or the most plausible explanation to how the universe with a first moment in time could come about is to say that agent causation is where we need to look, that it was a personal agent endowed with freedom of the will who can spontaneously exercise causal powers to bring about a new effect. So if that’s not true, how is naturalism to provide an explanation for that case?
 DR. CARROLL: I think this is a good question, in the sense that this is the kind of issue that tugs at our ability to make sense of these large cosmic questions, given our everyday experience with reality. But I will give you a frustrating answer to it by denying your premise. I do not think that if the universe has a first moment in time, that means there is any sort of eternal or preexisting conditions, or rules, or laws, or anything like that. It simply means that our best, and maybe the correct, description of the cosmos is one that had a first moment in time. The question is, can that be self-contained in the sense that I’m using it, which is that if I write down the equations and the conditions and so forth that describe the universe with an earliest moment, am I done? Are there questions that I might have about that universe that cannot be answered by that formalism? And I think there is no obstacle whatsoever to coming up with such models. And so, I would simply un-ask the question. I would say, no, there aren’t preexisting or eternal rules. There is the universe and the universe has a first moment and the universe obeys rules during those moments when the universe exists. During those moments when the universe does not exist, there are no moments, there is no time, there are no rules.
 DR. CRAIG: This question is very closely related to the argument that I gave against the quantum gravity regime’s being past eternal. Namely, if the causal conditions that are present there are sufficient for the effect, then the effect would always have been there. But if they’re not sufficient, then it becomes incomprehensible why the effect appeared just 13.7 billion years ago. And therefore, it seems to me, I argued, that this regime would itself have to have a beginning and come into existence. The contrast with this is, when you have a libertarian agent with free will, he can exist from eternity, and then freely decide to produce an effect in time without any antecedent determining conditions. And so, in that sense, theism provides, I think, an explanatorily superior account of the origin of the universe because it’s got the explanatory power that is vested in an agent with libertarian free will.
 QUESTION 14: Yes, I’m really afraid I’m going to ask that stupid question, so please excuse me. But I don’t really understand how you come up with the probability—or improbability, as you have been saying—of the universe, if it’s a universe, when a universe has only begun once? How do you come up with that? Don’t you have to have more scores to calculate such a probability?
 DR. CRAIG: Which argument is this relevant to, in your mind?
 QUESTION 14: Before you said there is a universe, and then, you have been repeating a lot that it’s highly improbable that it just popped out of nothing.
 DR. CRAIG: Oh, like the finely-tuned universe—okay. I don’t think this is a good objection to fine-tuning because what we can do is simply conceptualize a multitude of universes by varying these constants and quantities and seeing what would result. So, for example, the physicist John Barrow gives the following illustration: he says, put a red dot on a piece of paper and let that be our universe. Now, alter slightly one of the constants or quantities. That will make a new universe. If it’s life-permitting, make it a red dot. If it’s life-prohibiting, make it a blue dot. Now, do it again, and do it again, and do it again, until your sheet of paper is filled with dots. And what you will come up with is a sea of blue with only a couple pin-points of red. It is in that sense that one can say that these finely-tuned universes are enormously improbable. You don’t need the universes to actually exist in order to say they’re improbable. All you need to do is have this, so to speak, logical space of possible universes described by these different quantities and constants in order to say that finely-tuned worlds are extremely rare.
 DR. CARROLL: I think this is a great question because we do have this tendency to speak informally of probabilities and likelihoods and so forth. And even professional cosmologists do this when we talk about the early universe—“That seems improbable, unlikely, unnatural”—are the usual terms that we use. And sometimes, we’re just totally wrong about that. The example that Dr. Craig just gave about the blue dots and the red dots sadly almost never applies in cosmology because it assumes there is a discrete set of dots that we can color blue or red. Usually, in cosmology, there is a continuous spectrum of possibilities, and in that case, it’s much harder to even imagine assigning probabilities consistently. The example I gave, which was not talked about later, was the expansion rate of the early universe. There is a naïve argument that says it’s very improbable. When you look more carefully, you realize it’s extremely probable. So, there’s not a definitive argument as to what the correct answer is, but I’m agreeing with your implication that we should be very, very careful when using words like that.
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Cosmology, Theology, and Meaning

Tim Maudlin
Why are we here? I would like to discuss this from two perspectives. First, why are we gathered here in New Orleans, under the auspices of the Greer-Heard Forum, sponsored by the New Orleans Baptist Theological Seminary, to discuss the topic of God and Cosmology? Why not, for example, God and Fluid Mechanics, or God and Macroeconomics, or God and the Electrical Conductivity Properties of Carbon Nanotubes, or God and . . . fill in with whatever paradigmatically scientific topic you would like here? Cosmology is the study of the cosmos, that is, the universe as a whole on the largest scales of space and time. We have made tremendous progress in the last century in this particular subject. The increase in our observational access to the large-scale structure of the universe in just the last two decades far exceeds that of all of humanity previously. Our basic theoretical understanding of cosmology found a firm footing in the General Theory of Relativity, and the particular topics of galaxy formation and the evolution of the observable universe since the Big Bang period have made spectacular strides in the last half century. Theology has not played any role in this progress, nor would one expect it to. If the audience here were interested in a clear and accessible presentation of the state of modern cosmology, we have on hand people splendidly adept at providing it. But that, of course, is not why we are here.
 The second sense of the question calls out for capitalization: Why Are We Here? When so capitalized, the question seems to leave the precincts of science and enter the precincts of theology, or ethics, or morality, or philosophy. What is the purpose of my own existence, or of the existence of humanity as a whole, or of the other species, or of the earth as a whole, or of the solar system, or the galaxy, or the local cluster of galaxies, or, indeed, of the whole of material existence? What, after all, is the point of it all? And if it has no point, does it follow that our own life and efforts have no Meaning, with a capital “M?” Should we just curl up and wither away?
 The scientific enterprise since at least Galileo has tended to either eschew questions such as these or to suggest a somewhat nihilistic answer. Galileo himself famously proposed a neat separation of scientific inquiry from religious text: “The Bible tells you how to go to heaven, not how the heavens go.”[1] Galileo insisted that one should not look for cosmological fact in Scripture: that just isn’t its purpose. One can see this as a self-serving gambit meant to preserve Galileo’s freedom of scientific inquiry from interference by the Church, which it was. But it can equally be taken as an attitude that might protect the presumed authority of Scripture from the corrosive effect of scientific discovery. If the Bible is understood as claiming to say how the heavens go, then it is vulnerable to being proven flatly inaccurate: the heavens just don’t go that way. As it turns out, the Vatican would have done better to take Galileo’s advice for its own sake rather than for his.
 Sometimes, though, this proposed separation between scientific theory and questions of meaning and significance is breached from the other side. Steven Weinberg famously remarked, “The more the universe seems comprehensible, the more it also seems pointless.” If one concludes from this that the universe as a whole is meaningless, and then, further, that our lives, as part of the universe, must be meaningless, then the scientific quest for understanding threatens to rob our lives of Meaning. Similar remarks could be made concerning morality too. From this perspective, it appears that a scientific account of the world, such as that provided by modern cosmology, is intrinsically antagonistic to a desire for Meaning and a foundation for morality.
 At this point, we have introduced four or five players into our melodrama: scientific cosmology, Scripture, theology, and Meaning-cum-morality. I want to spend the rest of my time investigating the tensions, or lack of tensions, between these. I do not think that the relations are all that obvious, and believe that some of them are commonly misunderstood.
 The most obvious tension—indeed, flat contradiction—is between scientific cosmology and Scripture, insofar as Scripture contains a cosmological account that could be taken literally. I will confine my remarks to the Bible since that is the only religious text I know very well. If we read the biblical account of both the creation and structure of the universe in the most obvious manner, we come to the conclusion that the entire material universe is about 6,017 years old (give or take a few centuries), with the earth at rest at the center. It was that tension that landed Galileo under house arrest and Dialogues on the Two Chief World Systems on the Index Librorum Prohibitorum. But anyone who chooses to believe this account now is simply not interested in finding out about the structure and history of the universe. Literal interpretation of biblical cosmology is irreconcilable with scientific cosmology, and therefore, given the evidential base for scientific cosmology, irreconcilable with the actual structure of the universe.
 Of course, few people whose primary interest is cosmology would choose to study the Scriptures in order to learn more about it: a trip to the planetarium would be more apt to such a person’s taste than a trip to the church. So, let’s just leave this direct conflict aside. What about the more indirect worry—that the scientific refutation of literally interpreted scriptural cosmology might undermine the authority of Scripture on the more central questions of Meaning and morality: what matters and how should we act?
 If that’s the worry, then the immediate response is simple: the most direct threat to the authority of scriptural assertions about morality does not derive from scriptural assertions about cosmology; it derives from the scriptural assertions about morality. Some of what the Bible says about morality is as absurd and unacceptable as its cosmology. There is no need to multiply examples: it suffices to point out that the Bible reports God as explicitly condoning slavery, but only of foreigners (Leviticus 25:45–46). Fortunately, humanity has made moral progress just as much as it has made scientific progress. The condemnation and elimination of slavery was one of the great moral triumphs of humanity, and the scriptural acceptance of slavery undermines its pretense to infallible moral authority much more powerfully than any cosmological considerations could. The very same moral progress is evident today, as people awaken to the fact that human dignity is not dependent on sexual orientation, so the LGBT community should be afforded equal rights, rather than (as the Bible would have it) put to death.
 For the moment, then, let’s leave Scripture aside entirely. I take it that the topic here is not intended to connect cosmological discovery directly to Scripture, but rather, to natural theology. Natural theology attempts to establish (or at least make plausible) the existence of a deity or somehow God-like entity through the use of reason and observation without reliance on faith. There have even been attempts to prove the existence of a deity through pure logic (such as Anselm’s “ontological proof”), but our understanding of the nature of logic has improved to the point where we now comprehend that this could not be possible. In any case, if purported purely logical proofs were our topic here, then no mention of cosmology would have been needed. Natural theology, in contrast, must invoke some input from nature. Biology has sometimes played this role via the seemingly intentional design of living organisms, but that also is not our chosen topic here. So, one sharp statement of the question before us is this: is there anything in the modern understanding of the large-scale structure of the universe that might scientifically suggest the existence of a God-like entity?
 It is sometimes suggested that to answer this question, we don’t even need to consider the actual physical structure of the universe. Rather, one need only reflect on the nature of scientific evidence and scientific method. In a greatly simplified form, the idea is that science, by its nature, can only postulate natural causes, and a God would be (by definition) a super-natural cause, so science can’t possibly provide grounds for a theistic view. I have no sympathy for this sort of argument. It is easy to imagine empirical discoveries that would provide strong grounds for belief in a God-like entity, for example, a conscious entity that intentionally created the material world we inhabit. If the Apollo mission had found, on the moon, a polished granite monument with the Decalogue inscribed in Hebrew, that should give us pause. And similarly (but also differently!), if it were a copy of the Koran in Arabic, or the Vedas in Sanskrit. It is relatively easy to describe empirical findings that would upend our overall scientific picture of the world, including making the existence of a God-like entity plausible.
 Our first question, then, is whether any actual empirical discoveries of cosmology are of this nature—somehow suggestive of a sort of entity completely unlike those postulated by contemporary physics and similar in some way to the traditional conception of God. I will take up this question presently. But there is a second, even more important, question I want to address. Suppose, contrary to what I will argue, there were empirical evidence of this kind, evidence of (say) a conscious and intentionally acting creator of the entire familiar physical world. Suppose empirical inquiry does not, in fact, turn out the way I will argue it is turning out. (After all, who knows what the future will bring?) What significance would such a discovery have for the problems of Meaning and morality, for the questions of what matters and how we should act? I will argue that the significance would be essentially none at all. That is, even if natural theology succeeded in arguing from empirical evidence for the existence of a god (in the sense just given), that would make no difference at all with respect to these other questions. So, if your real concern pertains to these other questions, if the reason you are reading this now, is not out of an intrinsic interest in cosmology per se, but rather, because you suspect that cosmological findings may have some ramifications for questions of Meaning and morality and how we ought to live our lives, I want to convince you that you are mistaken.
 The second question is the more important of the two because if questions of the existence of a God-like entity are unrelated to questions of Meaning and morality, then much of the supposed friction between cosmology and everyday concerns evaporates. Not, mind you, because cosmology must be irrelevant to theology, but rather, because theology is irrelevant to matters of Meaning and morality. To put the point succinctly, even a god could not legislate either moral fact or Meaning into existence. If there are moral and immoral, just and unjust, ways to act, they have that status, irrespective of whether any cosmological God exists. If our lives ultimately have no Meaning, even a god cannot invest them with one. Perhaps God’s own existence seems pointless to Him as well. And conversely, if our lives and actions do have Meaning, then even a god cannot deprive them of that. I want to spend more time discussing this second question than the first, in part because others will focus on the first. So now, here are some brief comments on whether cosmological discoveries to date support any theological hypothesis.
 There are two chief strategies for trying to wring theological conclusions from cosmological considerations: first cause arguments and fine-tuning arguments. The first cause or prime-mover argument does not actually depend much on the detailed results of cosmological investigation at all. Rather, the idea is that the cause-effect chain by which scientific explanation proceeds must terminate somewhere in the past direction of time with at least one cause that is not itself an effect. It is often presumed that such an uncaused cause must be unique, but there is no logical necessity for this—if there is one uncaused cause, there is nothing preventing the existence of many (Aquinas seems to have overlooked this). One could even say that many interpretations of quantum theory posit innumerable uncaused causes—if the outcome of a quantum mechanical experiment is a matter of pure chance, then the outcome has no determining cause, but can itself be the cause of later events. Saint Thomas argues for the necessity of various sorts of uncaused causes, which he says “everyone gives the name God.” But if quantum mechanical chances lie at the end of the cause-effect chain, few people would be inclined to call them “God.”
 This is where cosmology may seem to help: suppose there were a cause of the entire familiar physical universe. Surely, that would deserve the name “God.” Does cosmology somehow point to such a thing?
 The short answer is that cosmology, in its present state of development, really has nothing at all to say on the matter. We have very good grounds to believe that the whole of our visible universe evolved from an inflationary “Big Bang” state some 13.8 billion years ago. Any attempt to push the physical story further back in time requires a quantum theory of gravity, and no such theory exists at present. The singularity theorems derived from General Relativity, which are commonly presented as proving that the entire universe, all that physically exists, “began” 13.8 billion years ago do not take quantum mechanical considerations into account. Indeed, one natural reading of the singularity theorems is that they indicate the breakdown of General Relativity in regimes of extremely high temperature and density. Einstein himself famously characterized his Field Equations as “similar to a building, one wing of which is made of fine marble (left part of the equation) but the other wing of which is built of low-grade wood (right side of the equation). The phenomenological representation of matter is, in fact, only a crude substitute for a representation which would correspond to all known properties of matter.”[2] In the General Relativistic Field Equations, the state of matter is represented by the Stress-Energy Tensor, and Einstein fully appreciated that matter has much more structure than that tensor could capture. It might work well enough for many predictive purposes, just as treating the planets as point masses works well enough for predictions of their positions in the Solar System, but a complete treatment of matter would require fundamental adjustments to General Relativity.
 In sum, at present, we have no well-confirmed theory to consult about whether there was anything before the Big Bang, and if so, what it was, and what (if anything) came before that, and even whether the concept of “before” has any useful application here. Speculations abound, including eternal inflation, bubble universes, appeals to string theory, and so on, but none of this is as yet on a firm empirical footing. Maybe there was a straightforward first uncaused cause, maybe there wasn’t a straightforward one, and maybe, the terms “first” and “cause” just don’t apply to the situation. If natural theology depends on answers to these questions, then it just has to be patient and wait. But no matter how it all comes out, it remains that Aquinas is just wrong about the colloquial use of the term “God.” Even if there is a first uncaused cause, it does not follow that everyone would be happy to call it “God,” irrespective of its other properties. Nothing in its status as first uncaused cause would require it to be conscious, or have intentions. If it did not, it would not qualify as a traditional deity who makes the physical world with some aim or intention in mind.
 The second line of argument, from “fine-tuning,” seems to be superior on this issue. Here, the issue of origins is put aside. Whatever the causal sequence by which the physical universe came about, whether or not there is an unending previous sequence of cause and effect, the universe we find around us appears to be special in some way. In particular, the “constants of nature,” such as the fine-structure constant and the ratio of mass between up and down quarks, it is argued, take particularly fortuitous values. Change them just a little, one way or another, and all of the spectacular physical complexity of the universe would become impossible. In place of stars, and planets, and galaxies, one would have only a thin gas of elementary particles. Even given an initial supply of hydrogen and helium, stars would not form in whose fusion-powered ovens carbon and oxygen are forged. In such physical conditions, no life could form, and a fortiori, no human race.
 The basic form of this argument contends that this special constellation of values for the constants cannot be “just a matter of chance.” Rather, it is claimed, these particular values must exist by design. If so, the designer must have had the power to set the values, and an intention to set just the right values to produce . . . what? Stars? Planets? Volcanoes? Earthworms? The Sombrero Galaxy? Dinosaurs? Humans? Me in particular? None of these answers is particularly more compelling than any of the others; all of these items require that the values fall in the same range. So, even if we manage to argue our way to a designer, we would still be far from fathoming the design. But can the argument even get us that far?
 As with the first-cause argument, the state of empirical science is simply not developed enough to support any design argument. For the design argument, as just presented, depends on the identification of some constants of nature whose values are somehow fortuitous. But we are not in any position, at present, to feel confident about which, if any, of the observed values really are universal constants. What appear to us as constants (because they are locally constant, constant around this place and at this time) may well not, from a truly universal standpoint, be constant at all. This could happen is several ways. One is illustrated by the “bubble universe” cosmologies of eternal inflation. In this picture, overwhelmingly, most of physical reality does not support stars and planets and earthworms; most of physical reality is in a condition wildly inhospitable to any stable physical structures, and hence, inhospitable to life. But by the blind operation of physical law, a multitude of “bubbles” forms out of this background, like bubbles in a pot of boiling water. And in each “bubble,” the physical parameters we call “constants of nature” take randomly determined values. Most of the bubbles, therefore, are also inhospitable to planets and galaxies and volcanoes. But by pure chance, some of these bubbles will happen to form with just the right mix of values. Only in these rare locations can stable complex structures form. Only there can life emerge. And so, only in these special locations will living things, such as ourselves, find themselves. All without any plan or intention or design.
 It may seem strange and disquieting that in this picture, overwhelmingly most of physical reality is inhospitable to life, so living things must perforce find themselves in highly atypical circumstances. But, of course, that is already exactly the situation with the observable universe—most of it is very empty and cold, and much of the remainder is too hot and chaotic for life. Precious little of what we see is hospitable to living beings, which, of course, argues strongly against the hypothesis that all of what we see was designed with life in mind. And it would further be a tremendously bizarre waste of resources to create even all of what we can see, and all of the billions of years of history of it for our sake.
 Here, we may recur again to Scripture. Some of those who try to deploy a design argument in service of natural theology do not have just any old designer in mind; they hope to establish the existence of just the sort of designing deity depicted in Scripture. And, at least in the Bible, that sort of deity did have human beings in mind. That is why the scriptural cosmology takes the form that it does, with the Earth at the center of the physical cosmos, and the timeline of creation predating the creation of humans only by a week. This is exactly the sort of cosmology one would expect if the physical universe were created specifically as a stage for the drama of homo sapiens. The writers of Scripture understood perfectly well what sort of cosmos would be expected from the sort of designing deity that populates their tales. But we now know that their cosmology is wrong, and no further scientific advances can ever bring it back.
 Bubble cosmologies are not the only way that physics can account for the particular mix of “constants of nature” that we see. Just as it is possible for the “constants” to vary between bubbles, it is also possible that they vary within bubbles. Once again, the only reason we treat certain parameters as constant is that they have been observed to have the same values as far as we can see. But there are limits to how far out in space, and, more importantly, how far back in time we can see. We certainly have no direct evidence for the values of these parameters before the time of primordial nucleosynthesis. It is possible that during the earlier period, during the inflationary epoch of our visible universe, the values of the “constants of nature” themselves were changing.
 Here’s an example of how this might work. We have good reason to believe that the very early universe contained a period of hyperexponential expansion, which eventually slowed. We now seem to be in a period of a very slight “cosmological constant,” which makes galaxies recede from each other slightly faster than would be expected from Einstein’s original equations. It is as if in the early universe, the “cosmological constant” were extremely high, and then, evolved to be nearly, but not exactly zero. Why should it have evolved this way, settling down near (but not exactly at) the special value of zero?
 Here is a completely speculative sketch of how such a result could be produced by the sort of physical feedback that leads to the condition called homeostasis. First, the parameter we call the “cosmological constant,” which produces accelerated expansion of the universe, is not a constant at all—it is variable. And the rate of expansion itself is connected by physical law to another parameter that tends to reduce the rate of expansion. For purely expository purposes, let’s imagine that this parameter determines the masses of quarks, and hence, the mass of ponderable matter. In this model, the accelerated expansion of the universe itself drives up the masses of the quarks, and the greater mass of the quarks then reins in the rate of expansion of the universe. In such a scenario, if the universe starts out expanding at a rapidly accelerating rate, the masses rise, which in turn, acts to slow down the rate of acceleration. Things naturally settle down to a “steady state” in which the masses have risen enough to (almost exactly) counteract the intrinsic tendency of space-time to expand. The counter-poised mechanisms automatically seek out a balance, and once the balance has been achieved, the fundamentally variable quantities (in this case, the “cosmological constant” and the quark masses) settle to “fixed” values. Observers take these equilibrium values of the variables to be “constants,” which seem miraculously tuned to one another.
 I am not proposing a specific physical theory here, but rather, illustrating one of the many ways that physics could eventually turn out. Judgments of how exquisitely “fine-tuned” various constants are to one another always tacitly assume that the “constants” are indeed constant—universally valid over all of space and time. But no local observations could possibly establish that; it is a matter of theory rather than direct observation. Changes in theory, then, always hold out the possibility of revealing an apparently “miraculous” relation among observed parameter values to be the robust and automatic effect of underlying dynamics. These “fine-tuning” arguments, therefore, cannot possibly establish that any intentional, purposeful fine-tuning ever occurred.
 But let’s now leave all of these observations to the side. Let’s suppose, for the sake of argument, that the results of cosmological investigation somehow did strongly favor a design hypothesis—that what we take to be the constants of nature were intentionally and purposefully chosen by some agent to have the values they have. And let’s further grant that having such a power and consciously exercising it for this purpose is enough to justify calling the agent a “god.” In short, let’s pretend that natural theology were to work out just as the theist hopes it does, and that the empirical investigation of the cosmos strongly suggests the existence of a Creator of the visible physical universe. What, exactly, would follow from such a momentous discovery?
 Actually, not much.
 Science fiction already provides us with examples of such scenarios. As we create more and more detailed and complex “virtual worlds” using computers, questions naturally arise about whether we can thereby create actual self-conscious entities. This is a very complicated and vexed question, but for the sake of discussion, let’s suppose that this is correct—the right kind of computer simulation of a person (say, a physical simulation of the person’s body down to the level of the quarks and electrons) would clearly, in some sense, have the same abstract structure as the person. One can then argue that in virtue of this structure, the “simulation” would actually be a person, with its own self-awareness. (The recent movie Her provides an example of this sort of possibility.) This is a conceptually coherent possibility that we all understand.
 But once this idea is on the table, it is natural to consider the possibility that we are the creations rather than the creators, that our world is just a “simulation” being run inside some sort of computer. If so, there is no necessity that the physics of that computer bears any resemblance to the apparent physics of our world. Our world has whatever physics the creators of the programming decided to give it. For example, maybe the physics of the computer we are running on more closely resembles classical mechanics than it does quantum mechanics, or maybe, it is something completely different.
 So—for all we know—this might be the true state of affairs. In some fairly advanced computer programming class in a world we cannot even imagine, the students were set a take-home exam with the following task. They were given the basic laws of quantum physics and General Relativity (harmonized in some way), but with the “constants of nature” unspecified. Their job was to find settings for these constants that would yield the most “interesting” physical world, a world with various complex structures at the greatest range of scales. Maybe even a universe in which “life” (self-replicating and evolving structures) appears. They are to implement these laws on a computer and run the simulated universe for a (simulated) period that displays the evolution of complexity in the universe. And our entire familiar physical universe is one of these exam programs.
 Clearly, this cosmology would qualify as a “design” cosmology in the strongest possible sense of the word. What we take to be the “constants of nature” would have been intentionally chosen by an intelligent agent with a specific purpose in mind. It is hard, but not impossible, to imagine how we, the inhabitants of this artificial universe, could ever discover our situation. (The computer that implements our universe would presumably have limited memory, so the artificial universe would have to be finite in extent; maybe we can eventually discover the “edge.”) Imagine the headlines in the papers: “Astronomers Discover We Are Living inside a Computer!” “Our Universe Part of Take-Home Exam for Computer Science 101!” “Deep-Space Probes Suggest Our Universe Is Only a B Effort!”
 This would clearly be the single most momentous discovery in the history of science. Nobel prizes all around! People would be shocked, amazed, elated, depressed, skeptical, dumbfounded.
 And then, we would all get up the next day and make breakfast.
 For, after all, what difference would it make? Why should this discovery affect, to even the slightest degree, how we live life our lives? Our families are still our families. We still have to earn a living to put food on the table. Virtue is still virtue and vice is still vice. No one ever thought, for example, that the moral prohibition against murder carries an escape clause: “Void if you happen to be living inside a computer.” Even if we are living in such a world, your friends and neighbors are still just as conscious and self-aware, as worthy of dignity and respect, as they ever were.
 There would, of course, be a few novel contingencies to obsess about: what if that kid who designed us accidentally trips over the power cord and wipes out our whole universe? But humanity has shown itself, over and over, quite capable of putting much more direct and pressing threats to our well-being out of mind (global climate change, for example). Anyway, unlike the more concrete problems we struggle with every day, we would have no obvious means to address these sorts of worries. Better put them aside and get on with life.
 We might become acutely interested in the exact intention of our universe-creator: did he (or she, or it) pick these values of the constants to create just complexity, or more particularly, stars, or volcanoes, or black holes, or life? What exactly was the assignment? But again, at the end of the day, what difference does it make? Maybe our existence is an unforeseen by-product of the attempt to do something else, or maybe it was central to the whole effort. But whichever way it comes out, why should that make any difference to me? The designer’s goals and aims are not my goals and aims. And nothing in the scenario suggests, to the slightest degree, that they should become my goals and aims.
 People often ask the question, “Why was I put here?” in a tone that suggests the existence and design of a creator. But they do not follow the question out. Suppose, in fact, you were intentionally created for a purpose. Steering away from our fanciful science fiction scenarios, let’s imagine a couple of mid-level chess players who strongly desire to have a child who becomes the world chess champion. They explicitly and intentionally set out to have a child for exactly this purpose. From infancy, the child is drilled in chess, and, in fact, becomes one of the strongest players in the world. At the age of 18, with a life that has been directed to this purpose and this purpose alone, she is well on her way to compete for the world championship.
 Now, let’s also suppose—which is quite plausible—that the child herself has no particular interest in chess. She is, of course, very good at it, but she derives no pleasure from playing, and, in fact, the whole thing strikes her as rather a waste of time. She just sees no real point in it. Her life, lived from the inside, feels to her meaningless and empty.
 Now, should it somehow change her position just because she knows—and we are supposing it is true!—that “the reason she is here” is to play chess. Her playing chess, indeed, her very existence, is the opposite of accidental; it was consciously planned and chosen for this purpose from the beginning. But, so what? None of that can make playing chess seem more significant or meaningful to her. She may feel some obligation to try to please her parents, but that motivation does not make the playing of chess itself intrinsically significant to her. And, in any case, we feel that she ought not to spend her life this way, that unreasonable demands are being made. Her parents’ desires, her parents’ intentions, her parents’ values and aims and goals in life simply are not hers. That is exactly why her life feels empty and meaningless. None of this is altered just because she was intentionally created to play chess.
 Thus, even if the “constants of nature” were intentionally set by some agent for some purpose, and even if your own existence were the outcome of someone’s deliberate plan with a specific aim of how you should live your life, this would, in no way, have the effect of investing your own life or existence with Meaning in the relevant sense. The obvious thing to do in the cases outlined above is to simply ignore the intentions and desires of the creators. The chess prodigy should abandon the game in the one case, and we should not obsess about the grade given to the student in the other.
 At this point, some might want to object that our computer-class student and our chess-obsessed parents would certainly not be gods in the relevant sense, even if they had the power to set our constants of nature in the first case and to bring the child into existence in the second. So, the fact that their intentions and desires would not invest their creation’s lives with meaning does not show that the desires and intentions of a real god would be similarly irrelevant. But recall that we were defining “god” exactly so as to give natural theology some chance of success. The “fine-tuning” argument, if it works at all, would—at best—show that the values of the constants of nature were determined by the choice of some intentional agent, exactly as happens in our science fiction story. If that is not enough to render the student a “god” in the relevant sense, then natural theology has no chance of success in any case.
 It may seem depressing to recognize that even the desires and intentions of a creator cannot underwrite any real significance in our own lives. But the flip side of this moral is uplifting. For just as the desires and aims and values of the creator cannot be imposed on the creation, so too, the lack of desire or plan or intention of the creator does not condemn the creation’s life to meaninglessness. Suppose, for example, that there is some creator, but our own existence was no part of the creator’s plan. Suppose, for example, that our student wanted to create a virtual universe that contained volcanoes, and the production of living beings was just an unintended and unforeseen side-effect. Does that render our own lives somehow “meaningless” or “empty” or “pointless”? Again, why should it? Should looking after my own children’s well-being, for example, all of a sudden appear valueless to me just because the student-creator of our universe doesn’t care? If I have no obligation to value what the creator values, I similarly have no obligation to be indifferent to what the creator is indifferent about. And even if there is no creator at all, and hence, no aim of the creator, that does not mean that my own life can have no aim or value.
 This observation brings us back to Steven Weinberg’s comment. Yes, the universe as a whole appears pointless—it is unimaginably huge and complex, with innumerable stars, planets, asteroids, black holes, nebulae, dust clouds, and galaxies, together with dark matter and huge expanses of essentially empty space. All of this complexity displays no marks of design or purpose. If it was all created with some intention, that intention is completely obscure, and our solar system, our planet, our species, and we as individuals are not marked out in any way as special or important. As far as we can tell, there is no ultimate aim of the universe. But it does not thereby follow that our own lives and actions have no value. To think that the pointlessness of the entire universe implies the pointlessness of everything in it is to commit the “fallacy of division.” From a logical point of view, it is as invalid as concluding that I consist mostly of hydrogen and helium just because the universe as a whole does and I am part of the universe. The meaninglessness of the universe as a whole just does not imply the meaninglessness of everything that happens in it.
 Many people fail to appreciate this point. If the existence of the earth, the existence of human beings, my own particular existence is just a result of chance, of blind luck, then that is often taken to render my actions insignificant. But this result does not at all follow. Let’s take a concrete example. On July 20, 2013, Joseph Trapani was on his way to play golf in Hercules, California, when he saw a house on fire. Trapani jumped out of his car, kicked down the door, searched the rooms, found and rescued an elderly man named Khang Do. Clearly, it was entirely by chance—by accident—that Trapani found himself confronted with this situation. The fire itself seems to have started accidentally in the engine of a 1999 Honda. But all of this contingency and randomness in the circumstances detract not a whit from the moral and ethical significance of Trapani’s actions. He displayed courage and acted in a morally exemplary manner. Similarly, even if the existence of the entire human species is a product of blind luck, that has no evident bearing on the significance of our lives and our actions.
 Why were Trapani’s actions meaningful and praiseworthy? He acted courageously and produced good; he saved a life. The fact that the situation was neither designed nor intended plays no role at all in this evaluation—if the fire were set intentionally, for example, that would not change the moral evaluation at all. Trapani certainly saw a point to what he was doing, and I’m sure that Khang Do would agree. How could the existence or non-existence of a creator of the physical universe have any bearing at all on this evaluation?
 Exactly similar comments can be made about morality in general. The elimination of chattel slavery has produced moral progress on earth: the world is a better place for it. Why? Because chattel slavery is unjust. Why is the practice unjust and immoral? Does that moral evaluation somehow depend on the existence of a deity? Plato already made the key observation here over two millennia ago in the dialogue Euthyphro. Euthyphro claims to be an expert on how to act piously and justly—in his particular case, by prosecuting his own father for murder. Socrates asks Euthyphro to explain the nature of piety, and Euthyphro responds that the pious is what the gods love, or hold dear. Who could dispute that? But Socrates presses on—which is the cause and which is the effect here? Is an action pious, or morally praiseworthy, because the gods approve of it, or is it rather, that the gods approve of it because it is morally praiseworthy? More briefly, do the gods actually make moral law, or do they rather just recognize independent moral truths?
 To make Plato’s point clearer, let’s consider a parallel case. There are infinitely many mathematical truths. If there is any omniscient being, then that being knows all of the mathematical truths; the being knows, to take a simple example, that 5 + 7 = 12. So, one might say that a mathematical claim is true just in case this being accepts it. Even so, this being did not make the claims true: 5 + 7 would equal 12, whether or not anyone ever knew it. And even a god would not have the power to make 7 + 5 equal anything other than 12. Similarly, even a god could not make chattel slavery morally acceptable or just. The foundations of morality are independent of theology. Just as it is beyond the power of a god to make our own lives meaningful or to render them meaningless, so to it would be beyond the power of a god to legislate (rather than just recognize) what is just and unjust, moral and immoral, virtuous and vicious.
 I am not here addressing the first-order question of what is just and unjust. A moral nihilist might believe that there are no facts of this sort at all. I myself think that is nonsense; I think we all know that slavery is morally unjustifiable. The point is not what the facts of morality are, or even whether there are any such facts, but rather, that whatever the situation is, it is independent of theology. Or, even more precisely, it is independent of any sort of natural theology, any theological conclusions derived from the study of the cosmos. It is quite irrelevant to matters of Meaning or morality whether the physical world was intentionally created, and if so, for what purpose. The moral significance and the value of our actions will be the same, no matter how that comes out.
 The notion that the origin and structure of the universe has any bearing on the fundamental issues of Meaning and morality, doubtless, derives from Scripture: there, God is portrayed as both creator and moral legislator. Scripture is almost certainly wrong on the first count, but more importantly, is demonstrably wrong on the second. All of this error should lift a weight from our minds—it is exactly because the value and significance of our lives and actions do not depend on how we, or humanity as a whole, or even the whole universe, came into existence that cosmological issues can be pursued without existential dread. It is because even God cannot legislate morality that we need not hope to find evidence for a god in the heavens in order to defend our moral judgments. Anyone who cannot articulate what is morally unacceptable about slavery without reference to God or to Scripture does not really understand why slavery is wrong. Further, as we already noted, appeal to Scripture can, in any case, be used to justify rather than to condemn the practice.
 Anyone sincerely and deeply concerned about questions of right and wrong, virtue and vice, value and insignificance, already knows that these topics require careful and sustained reflection. There are no short-cuts or cheat sheets available. But that work of serious and prolonged moral reflection stands on its own; it can be neither helped nor hindered by cosmology. Not because cosmology could not, in principle, support theological conclusions, but because theology itself is not directly relevant.
 The reason for studying cosmology is simple—because one is interested in cosmology. The universe is a fascinating and intriguing place. Images of the vast expanses of space bejeweled with galaxies may inspire a sense of awe or sublimity or dread or despair—but so too may listening to music, or observing wildlife, or contemplating a mathematical proof. Even the electrical conductivity properties of carbon nanotubes are quite interesting from a physical point of view. But that in itself is no reason to think that they shed any light on questions of morality, or Meaning, or on the existence or non-existence of God.
 William Lane Craig’s Response
 Tim Maudlin poses two questions: first, the practical question “Why are we here?” and second, the existential question (in capital letters) “Why Are We Here?” The answer to the practical question is obvious: we’re here, as he says, to discuss the topic of God and cosmology. And I suspect that the reason Bob Stewart chose this topic is that cosmology represents one of those areas of intersection between theology and science in virtue of theology’s doctrine of creation. We might wonder whether there is conflict or concord here? Does a theistic perspective on cosmology teach us anything? Could the evidence of cosmology increase the probability of God’s existence? These are all important questions well worth discussing.
 But the second question is an irrelevancy to this year’s forum. We are not here to discuss Why We Are Here! The subject of the forum is “The Existence of God in Light of Contemporary Cosmology.” Old Testament ethics, biblical reliability, the Euthyphro Dilemma, the meaning of life are all red herrings threatening to distract our attention from the topic of this year’s forum, which is already vast enough to consume our time and attention. To say that these issues are red herrings is not to say that they are unimportant or uninteresting, but merely that they are irrelevant, as Maudlin himself admits, to the topic of this forum. The independence of these issues from the topic at hand is evident from the fact that Maudlin seeks to demonstrate, not the irrelevance of cosmology to the existence of God, but rather, the irrelevance of the existence of God to questions of meaning and value! I, along with many other Christian philosophers and theologians, have addressed those questions elsewhere, and I refer you to that work.[3] I refuse to follow the hounds in feverish pursuit of these red herrings, but will remain resolutely fixed upon our quarry: the implications of contemporary cosmology for the existence of God.
 Fortunately, Professor Maudlin does have some things to say of relevance to this question. Consider, first, the Kalām Cosmological Argument. Dr. Maudlin rightly points out that because we do not yet have a quantum theory of gravity, we cannot provide a physical description of the universe prior to the Planck time. But from this, he concludes that we do not have good evidence that the universe began to exist. That inference is far too hasty. Charles Misner once remarked to me that it is as if a tiny window shade were drawn across the first split second of the universe’s existence so that we cannot describe what is going on behind the shade. Nevertheless, he insisted, we know that it doesn’t come out on the other side. As I explained earlier, the BGV theorem and the Wall theorem give us good evidence that the universe began to exist, whether at the boundary of classical space-time or with the quantum gravity era. Recall Professor Carroll’s words: Science isn’t in the business of proving things; we can always construct elaborate concoctions to save the phenomena. But the evidence of contemporary cosmology strongly points in the direction that the universe began to exist.
 Professor Maudlin has a second objection to the Kalām Cosmological Argument: there is no reason to think that the cause of the universe is personal. In my published work, I have defended three arguments for the personhood of the first cause: (i) Only a personal agent endowed with freedom of the will can provide an adequate explanation of how an effect with a beginning can arise from an eternally existing cause. (ii) A changeless entity which transcends space and time, matter and energy, is either an abstract object or an unembodied mind. But abstract objects do not stand in causal relations, from which it follows that the cause of the universe is an unembodied mind. (iii) A first state of the universe cannot be explained in terms of scientific laws and prior conditions, but it can be explained in terms of a personal agent and his volitions. Therefore, the cause of the universe must be personal. Notice that these are metaphysical arguments to which the data of contemporary cosmology are not directly relevant. Those data are relevant simply to the second premise of the argument that the universe began to exist.
 Turn now to the teleological argument based on the fine-tuning of the universe. I should do well to clear up a confusion here. When one infers that the best explanation of the fine-tuning of the universe is design, he does not mean, pace Professor Maudlin, that the purpose for which the universe was created is human beings. One could run a fine-tuning argument for a designer using zebras; but that does not imply that the purpose for which the universe was created is zebras. Similarly, there could be other embodied, conscious agents throughout the universe, which fall within the designer’s purview.
 You’ll recall that fine-tuning concerns both physical constants and arbitrary physical quantities. Here, Dr. Maudlin complains that “What appear to us as constants . . . may well not, from a truly universal standpoint, be constant at all.” He gives the example of an inflationary multiverse in which the values of these constants vary from world to world. This response strikes me as quite confused. As a matter of nomenclature, physicists refer to quantities that play a fundamental role in the mathematical expression of the laws of nature as constants, even if they might not be not the same throughout the universe. If a quantity does not play that role, then it will count as simply an arbitrary quantity. The very point of the fine-tuning argument is that the observed values of these constants and quantities are not fixed by the laws of nature. So, we want to know why they all fall within the narrow life-permitting range.
 Maudlin is not really denying that the observed constants and quantities are fine-tuned for our existence; rather, he is championing a multiverse hypothesis-cum-observer self-selection effect as the best explanation of the observed fine-tuning. But then, he owes us some response to the Boltzmann Brain problem, which I shared earlier.
 Maudlin also offers what he admits is a “completely speculative sketch” of a way of explaining fine-tuning, not by chance, but by physical necessity. The problem here is that we have absolutely no reason to think that such a sketch is true. The multiplicity and variety of the constants and quantities that have to be fine-tuned in order for embodied, conscious agents to exist is so great that it is extremely unlikely that they will all turn out to be physically explicable. Moreover, it would still be highly surprising if the one physically necessary theory turned out to have all its constants and quantities fine-tuned for life.
 So, as with the Kalām Cosmological Argument, I do not think that Professor Maudlin has given us any good defeater of the second premise of the teleological argument, to which the evidence of contemporary cosmology is relevant, that the fine-tuning of the universe is not due to physical necessity or chance.
 As for his closing reflections on our inhabiting a virtual reality, this suggestion seems no more significant to me than the old brain in a vat scenario. In the absence of some sort of a defeater, we are perfectly rational to trust the deliverances of our senses. We have good arguments to think that a transcendent Creator and Designer of the universe exists. What existential implications this conclusion might have for our lives is a topic for another day.[4]
 Carroll’s Response to Maudlin
 Thanks. It’s great to be back here this morning. I think that much of what Dr. Craig has said amounts to very similar things that were said earlier. I don’t want to spend time, yet again, repeating the arguments there. I just do want to make one point because the single comment I got was, “We really wish you guys had explained what a Boltzmann Brain was.” So, maybe I can take thirty seconds and explain what this is. That might be an actual educational moment here.
 The idea is that we are, right now, according to the best theories of modern cosmology, evolving toward a state where the universe will live forever, but it will be empty space. The universe is expanding, accelerating, and all the galaxies are going to fly away, our galaxy will evaporate into radiation, and there’ll be nothing left but empty space. But, according to Stephen Hawking and Gary Gibbons, even empty space has quantum mechanical fluctuations. So, we have a future of our universe that will last forever, but is not completely quiet. There are bubbling virtual particles, appearing and disappearing. So, if you wait long enough, all sorts of things will fluctuate into existence: atoms, molecules, viruses, people, observers, solar systems, galaxies, and so forth. Most of the conscious observers in the future of the universe, under this telling, will be individual brains—because you don’t even need a body to be an observer—but individual brains that just randomly appear as quantum fluctuations long enough to look around and go, “Ha! Empty space, thermal equilibrium,” and then die.
 And the argument is that if your cosmology predicts that most universes are like that, your cosmology is not every good. And I agree with that argument. I tried to say on multiple occasions earlier: it is easy to avoid that conclusion. This is not a necessary conclusion. All you need to do, for example, is have our future universe not last forever with exactly the same conditions. This is a generic prediction of the particular models that we look at. So, individual cosmological models play a game of balancing the number of random observers (Boltzmann Brains) versus the number of ordinary observers that arise after the Big Bang. And it’s not at all difficult to find models that don’t have a Boltzmann Brain problem. So, that whole discussion is a red herring in this issue.
 Given that, I want to actually turn to what Tim Maudlin was just talking about because I think what he’s been saying is really important, and I agree with 98 percent of what he said in his talk, which never happens when I listen to anyone else give a talk about anything. I actually disagree a little bit with what Dr. Craig’s point of view was about what our topic is, because I agree with Tim that our topic is more vast than we’re admitting in public. The reason why—it is true that on the view graph it says “God and Cosmology” on the slide—but the reason why we’re talking about God and cosmology does ultimately come down to these questions of meaning, morality, purpose, and so forth. Just as I said earlier that theism needs to be connected to science, I also think that science—that theism and science—need to be connected to these bigger issues of morality and meaning that Tim brought up.
 And I agree with Tim that even if we knew that there was a designer who created our universe, no necessary moral implications would follow from that right away. I think those arguments are quite solid. I am less convinced than Tim is that there are objective moral values out there to be found. But, like Tim, it doesn’t really bother me, even if there weren’t. I think that what matters is how we act as human beings. If I act in a moral way because I feel it is moral, even if I recognize that other people might feel other ways, I think that most human beings do share common moral intuitions.
 I think there’s a place for rationality and reflection and ethical philosophy. And I think that the switch from a worldview where moral guidance is handed down or given to us from something external, to one in which we are creators of our ultimate moral guidelines, is not really a scary one. I analogize it to looking at a painter with a blank canvas. You can image the painter saying, “How do you expect me to put a painting up here? There are no lines with numbers saying where the colors should go!” But great art does not actually come from painting by the numbers; it comes from fundamentally creative activity.
 Tim Maudlin’s Response
 At the Greer-Heard Forum, I did not present my prepared paper at the forum, but rather, some more general remarks based on my paper. This book contains the paper that I wrote for the forum, but did not read to the people assembled. Nonetheless, at the Greer-Heard Forum, Dr. Craig chose not to respond to what I actually said, but rather, read his prepared response to the written paper, which both he and Dr. Carroll had. This choice speaks volumes about the way Dr. Craig approached this event. There is an artificial formal game of debate—with allotted minutes to each side—that bears no living relation to actual philosophical dialogue and philosophical inquiry. The aim of formal debate is to score points, not to carefully and openly explore difficult matters. The dialectical investigation of hard questions is flexible and open-ended, and one certainly does not enter into the process with an assigned “side.” Formal debate bears the same relation to live philosophical inquiry as playing scales does to musical improvisation. No one would want to go to a concert just to hear scales being played, which is why I tried to speak to the deep concerns of the audience rather than play the debate game. Dr. Craig’s written response hews closely to the idea that there is some formal debate topic, any deviation from which is not even to be considered—such open inquiry will not win points.
 I wrote a paper for the conference and intended to read it. I chose not to read the prepared paper because I wanted to speak to speak to the deep concerns of those who came to the conference. I honestly didn’t think the deep concern of anybody was Boltzmann Brains. I don’t believe anybody said, “My views about God and the nature of the universe will change if only the Boltzmann brain issue comes out some other way.” I therefore reasoned, “I have this opportunity. I should make use of it in the best way I think is possible.”
 Dr. Craig insisted that my talk to the audience was a red herring. He did not listen to what I was saying, and try and think and respond to it.
 Now, you may have your beliefs so fixed that no argument will shake you out of them, no matter what. Most people are like that. It’s hard not to be like that. It’s very hard to be open to an honest investigation of the world, and to put your most deeply held beliefs on the line.
 One thing that’s scary about the world today is that for very bad reasons, stellar scientific research is opposed and derided for non-scientific reasons. For example, the research telling us that smoking causes cancer was derided and attacked by the tobacco industry. They had their reasons—they were not scientific reasons—to influence people not to believe that smoking was bad for their health. It was part of their bottom line. Climate change serves as another case in point. The reason why the coal industry does not want you to understand that the climate is changing and the causes of climate change is that it affects their bottom line.
 There is a difference between reasoning and rationalization. Honest reasoning is a case in which you don’t know in the beginning what the right answer is and you’re following the best evidence and arguments you can find. Rationalization is when you’ve decided the answer at the beginning and you’re just looking to find any little bit of something that looks like an argument that comes to the conclusion you’ve already reached. Many people feel that they are in a position where they can only rationalize—they have certain beliefs that they cannot—they literally will not—question. They would do well at least to realize that such is their plight. But they ought not pretend that they’re reasoning when they’re rationalizing.
 In his response, Dr. Craig presses several technical issues. Here, I will briefly make a few technical responses.
 Dr. Craig believes that the problem of “Boltzmann Brains” is a very severe one for various proposals about the structure of the universe, and particularly, about whether the universe has a beginning in time. The term “Boltzmann Brains” refers to Ludwig Boltzmann, who developed and defended the atomic theory as an explanation of the behavior of gases and other thermodynamic systems. Boltzmann modeled gases rather like elastic billiard balls colliding, and in such a model, the system undergoes fluctuations, meaning that as time goes on, just by chance, the collisions result in the gas becoming somewhat denser or hotter in some places and colder in others. Indeed, under certain mathematical conditions (the technical name is “ergodicity”), one can prove that a closed classical system of particles will, just by chance, eventually randomly fluctuate into all possible physical states. So, for example, if there were enough hydrogen, carbon, oxygen, and so on in the gas to make a brain, and if the system were perfectly isolated, and if one waited long enough, then just by chance, eventually, a brain would fluctuate into existence. And given infinite time, brains in all possible states would fluctuate into existence infinitely many times. Given Boltzmann’s calculations, one would say that such a closed classical system would produce many more Boltzmann Brains (brains unattached even to a body!) than the sorts of regular human brains we are familiar with.
 Is this really a problem? Well, no. First of all, actual physics is not the classical physics that Boltzmann was using. It is quantum physics. And what are called “quantum fluctuations” are not fluctuations in the sense Boltzmann’s argument needs. Further, the universe around us is not, in the relevant sense, a closed system. So, there is no technical problem of the sort Dr. Craig is interested in that can be founded on actual, verified physics.
 Similarly, the so-called BGV theorem, that Dr. Craig is so fond of citing, is not a theorem of quantum physics. Insofar as we know that quantum physics is central to the actual world, we know that the BGV theorem simply does not apply to the actual world. So, we do not know, in virtue of that theorem, that there is a beginning of time.
 What do we know with certainty about these issues? Essentially nothing. A final physical theory describing the whole universe has to incorporate quantum theory and General Relativity (or some other theory of gravity) and we simply do not yet know how that is done. Hence (as I mention), we do not know which magnitudes that we call “constants of nature” really are constant in the literal sense, nor how they are physically related to each other, nor how they might develop in time and vary from place to place if they are not constants. All of the “fine-tuning” arguments turn on the idea that physics cannot account for these values. But since the relevant physical theories do not yet exist, one can’t tell whether there is a problem or not!
 One can’t draw any strong positive conclusions based on ignorance. Dr. Craig wants to appeal to the BGV theorem to draw a strong positive conclusion: that the universe is finite in time. But all we can properly say is that we do not yet know enough—we do not even have any good candidate theories—to draw any conclusions about whether anything predates the Big Bang, or what sorts of physical explanation there may be of the so-called “constants of nature.” The appropriate stance when we do not know is humility, the recognition of our present ignorance. In claiming that the BGV theorem somehow settles this issue. Dr. Craig parts company with all cosmologists I am familiar with.
 Dr. Craig complains that the hypothesis I sketch is just speculation. Indeed, it is! That was the point: we have no more than speculation at this moment. Whether there is any “fine-tuning problem” about the “constants of nature” depends on the details of physics. And where there is no settled physics, there is no settled problem. All we have is speculation and sketchy gestures at theories. The honest attitude to take in such a situation is to recognize one’s lack of understanding, not to pick our one particular irrelevant theorem (irrelevant because the sort of physics it is based on is not complete or correct) just because it yields a conclusion one likes.
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The Fine-Tuning for Discoverability

Robin Collins
I. Introduction
 One of the most persuasive evidences for the existence of God from the cosmos is the argument from the fine-tuning of the cosmos for the existence of life, the so-called anthropic fine-tuning. This refers to the fact that the laws, initial conditions, and fundamental parameters of physics must be precisely set for life to exist. The relevant kind of life depends on the hypotheses that the evidence is supposed to support, which, in the case of theism, is embodied conscious agents who can interact with each other, based on what they perceive as moral criteria. For convenience, I will simply use the abbreviation “ECAs” for such agents. The most commonly cited case of anthropic fine-tuning is that of the cosmological constant.[1] If it were not within one part in 10120 of its theoretical possible range of values, either the universe would expand, or collapse, too quickly for galaxies and stars to form, and hence, ECAs to exist. There have been a variety of challenges to the fine-tuning evidence itself, and whether it supports the existence of God or a multiverse. I have developed a detailed argument elsewhere[2] that the fine-tuning evidence does provide strong confirmatory evidence for theism over naturalism. Further, I have argued that the underling mathematical structure of the universe is much more elegant than would be expected under naturalism—something often noted by scientists. Here, I primarily want to explore another kind of fine-tuning and its implications for this debate: the fine-tuning of the universe for developing scientific technology and being scientifically highly discoverable, which I will just call the fine-tuning for discovery. By this fine-tuning, I mean that the laws, fundamental parameters, and initial conditions of the universe must be just right for the universe to be as discoverable as ours. After presenting examples to illustrate this kind of fine-tuning, I will argue that if this kind of fine-tuning exists, in general, it cannot be explained by a multiverse hypothesis—by far the leading non-theistic explanation for anthropic fine-tuning. Further, I will show how the idea that the universe is fine-tuned for discovery answers some other commonly raised objections against the fine-tuning argument, and finally, I will look at its potential predictive and explanatory power.
 Finally, to be absolutely clear, my project in this chapter is not so much to argue for the existence of God as it is to explicate a place where there is potentially new evidence, one way or another. This is in keeping with the spirit of scientific inquiry.
 Background
 Many scientists and others have commented on the seemingly “miraculous” intelligibility and discoverability of physical reality, most famously, Albert Einstein and Eugene Wigner.[3] Recently, this idea has been developed more carefully by Mark Steiner, who presents an array of examples where, in their attempts to discover the underlying laws of nature, physicists successfully used lines of reasoning that only make sense if they were implicitly assuming that the world was structured for discoverability.[4] He concludes that the world “looks ‘user friendly.’ This is challenge to naturalism.”[5] In a project I am currently working on, I have attempted to quantitatively test this idea that the universe is, in some sense, “fine-tuned” for discoverability by calculating the effects on our ability to discover the major and/or important domains of reality—such as cosmology, microbiology, and the past history of the earth—by varying some of the fundamental parameters of physics. The cases I will cite involve original calculations; they all have been verified by at least two physicists. The calculations referred to in this chapter have been sent to Sean Carroll, and—along with a draft of this chapter—can be found on my website.[6] Nonetheless, because they are not yet part of the peer-reviewed literature, I do not expect everyone to accept their legitimacy. For those who do not, they should take this chapter conditionally, as spelling out the implications that this sort of fine-tuning would have if it is legitimate.
 I have found around a dozen cases of this kind of fine-tuning. Below are three illustrative examples involving the fine-structure constant. Further elaboration of these examples can be found on my website. Later, in the course of articulating the significance and predictive and explanatory power of this sort of fine-tuning, I will look at two other examples in the cosmological context.
 Examples of Fine-tuning for Discoverability
 The fine-structure constant, commonly designated by the Greek letter α, is a physical constant that governs the strength of the electromagnetic force. If it were larger, the electromagnetic force would be stronger; if smaller, it would be weaker. A small increase in α would have resulted in all open wood fires going out; yet, harnessing fire was essential to the development of civilization, technology, and science—e. g., the forging of metals. Why would an increase in α have this result? The reason is that in atomic units, the non-relativistic Schrödinger equation is not dependent on α, and hence, everyday chemistry and the size of everyday atoms are not affected by up to a nine-fold increase or any decrease in α. In most regards, the world around us would be the same with such a change in α. The combustion rate of wood, for example, would remain the same with such a change. In these units, however, the rate of radiant output of a fire is proportional to α2—for example, a two-fold increase in α would cause the radiant output of an open fire to be four times as great. A small increase in α—around 10 percent to 40 percent—causes the radiant energy loss of an open wood fire to become so great that the energy released by combustion cannot keep up, and hence, the temperature of the fire would decrease to below the combustion point. The above argument applies to all forms of biomass, not just wood; since in atomic units, everyday chemistry does not change with the changes in α considered above, their combustion rate would also remain the same. Although some biomass is much more combustible than wood—such as oil—these types of biomass either would not be as readily available to primitive carbon-based ECAs or they would be less suitable for the size of fires needed for smelting metals; hence, it would be far less likely that primitive carbon-based ECAs would have regularly used them, and thus, discovered the smelting of metals. (A fuller discussion of this case is present in the chapter on the fine-structure constant on my website.)
 Going in the other direction, if α were decreased, light microscopes would have proportionality less resolving power without the size of living cells or other microscopic objects changing (when measured in atomic units). As is, the maximum resolving power of light microscopes is about 0.2 microns, which happens to be the size of the smallest living cell. The only alternative to light microscopes for seeing the microscopic world is electron microscopes. Besides being very expensive and requiring careful preparation of the specimen, electron microscopes cannot be used to see living things. Thus, it is quite amazing that the resolving power of light microscopes goes down to that of the smallest cell (0.2 microns), but no further. If it had less resolving power, some cells could not be observed alive. The fine-structure constant, therefore, is just small enough to allow for open wood fires and just large enough for the light microscope to be able to see all living cells.
 Other major negative effects of decreasing α would be on electric transformers, motors, and paleomagnetic dating. The reason is that in atomic units, the strength of magnetic fields produced by an electric current, along with that of permanent magnetics, is proportional to α2; yet, excluding elements with atomic numbers around the value of gold or higher, electrical resistance, chemistry, the size of objects, and so on remain the same with a decrease in α. Thus, for instance, a five-fold decrease in α would result in a twenty-five-fold decrease in these magnetic fields, requiring far more windings in transformers and motors, which would greatly increase power losses. Since transformers and motors are at the basis of our technological ladder, this would have a major negative effect. Thus, the technology/discoverability optimality range of α is squeezed into a fairly small range around its current value.[7]
 Theses of Discoverability
 If the cases of discoverability are indeed coincidental under naturalism, the thesis they directly support is what I will call the discoverability thesis:
 
  Discoverability Thesis: This thesis is that the universe is non-accidentally structured in such a way as to be highly discoverable.

 
  In philosophical discussions of the metaphysical nature of the laws of nature, everyone agrees that a distinguishing mark of accidental versus non-accidental regularities is the ability of observed instances of a non-accidental regularity to give us good reason to believe that unobserved cases (in relevantly the same circumstances) will also fall under the regularity.[8] In the language of Nelson Goodman, non-accidental regularities could be said to be projectable. The theories divide on what they think accounts for this projectability, specifically when it comes to the most fundamental regularities in the world. Two prominent views are those of the so-called necessitarians and those of the regularists. Necessitarians think non-accidental regularities—the regularities expressed by the laws of nature—are ultimately the result of underlying necessities in nature. For example, assuming the regularity that masses always attract each other cannot be explained by any deeper regularity, a necessitarian would say that they must attract each other due to some underlying property of the world that is beyond science to discover. On the contrary, advocates of the regularity theory claim that the non-accidental regularities expressed fundamental theories are just brute facts, without any deeper explanation. Since advocates of the regularity theory hold that all regularities are merely brute facts, they then must give an account of what distinguishes accidental regularities from non-accidental (lawlike) regularities. Typically, such accounts appeal to the role such regularities play in our models of the world. The point of the above summary is not to resolve the dispute between the various accounts of the laws of nature, but to simply clarify what I mean by non-accidental. Thus, the discoverability hypothesis entails that the fact that the world has been found to be highly discoverable can give us strong reason to believe the pattern will continue.

  If we define naturalism to include the thesis that any apparent teleology in the universe is accidental, then the discoverability thesis is in conflict with naturalism. In arguing for the discoverability thesis, I ultimately argue that the level of discoverability in our universe is much more coincidental than one would expect under naturalism. Specifically, I argue that among the alternative universes generated by varying the parameters of physics—such as the fine-structure constant—a very small proportion is as discoverable as ours when the parameter itself is used as a natural measure of proportion. I call this the discoverability coincidence thesis. Finally, the data suggest a particularly strong version of the discoverability thesis, what I call the Discoverability/Livability Optimality thesis (DLO):

  
    
      DLO: Within the range of values of a given parameter p that yields near-optimal livability, p will fall into that subrange of values that maximize discoverability (given constraints of elegance are not violated).
    

  

  Although my overall argument does not require this thesis, in every case that I was able to make calculations regarding whether the fundamental parameters of physics are optimized in this way, they appear to pass the test.[9] This alone is significant since this hypothesis is falsifiable in the sense that one could find data that potentially disconfirms it. In particular, cases in which as best as we can determine, changing a particular fundamental parameter—such as the fine-structure constant—increases discoverability while not negatively affecting livability or the elegance of the laws of nature.[10] Below, I will look at a case from cosmology where this thesis could have been disconfirmed, but was not.

  New ideas are very subject to misinterpretation. So, before moving on, it is important to clear up a misunderstanding of what I am claiming, namely, that I am arguing that this is the most discoverable possible universe. We can certainly imagine what initially might seem to be more discoverable universes and much less discoverable universes. We cannot draw any conclusions from this, however, unless we know the underlying laws of those universes—for example, an imagined more discoverable universe might require laws that are far more complex or inelegant, thereby taking away from their seeming discoverability. Further, theists should not expect God to create a maximally discoverable universe because there are other trade-offs—elegance, livability, and so forth—that God must consider.

  My main thesis, therefore, is that the level of discoverability of the universe is highly coincidental. If we are going to test the thesis, we must restrict ourselves to alternative universes chosen by a method that is (1) not a priori biased for or against the discoverability coincidence thesis, and (2) such that we can make reasonable determinations of the level of discoverability of each alternative universe. That is why the possible universes being considered are those with different values of the fundamental parameters, and why I restricted the DLO to those universes with different values for a given parameter, but the same underlying laws.

  So far, I have talked about the discoverability thesis. What is theism’s relation to this?

  God and Discoverability

  God is often defined as an omnipotent, omniscient, perfectly good being that created all contingent reality. Because God’s goodness is the only attribute that tells us anything about what God would do, theism leads us to expect that God would create a reality structured to realize a positive, and if possible, an optimal, balance of value over disvalue.

  Thus, theism renders unsurprising any feature of the world for which we can glimpse how it could be of moral or aesthetic value, such as the existence of embodied conscious agents or the elegance and harmony of the underlying laws of nature. If we can glimpse how discoverability might be of value, then theism would also render it unsurprising that the universe is highly discoverable.[11]

  Why might discoverability be of value? First, it allows us to develop technology, which in turn, allows us to greatly expand our ability to improve our conditions. Second, it seems valuable in and of itself. The fact that governments spend billions of dollars on research into the fundamental structure of the cosmos, and that the public generally supports this, shows that collectively, we find such knowledge of value.[12] So, although theism does not require that the universe is highly discoverable, it renders it unsurprising, and hence, fits with it much better than naturalism.

  II. Significance

  Now, we are ready to see the significance of the above discoverability theses for the debate over God and cosmology. I begin with the multiverse hypothesis.

  Multiverse Hypothesis

  A significant number of philosophers and scientists respond to the anthropic fine-tuning evidence by claiming that it is brute fact that does not need any explanation. I find such a response incredible when one looks at the degree of fine-tuning: one part in 10120—that is, one followed by 120 zeroes—in the case of the cosmological constant and a ridiculous 1 part in 10 to the 10123 (1010∧123) for the volume of phase space—that is, the space of possibilities used by physicists—of a universe having an entropy as low as ours. Speaking for myself, almost anything is more believable than that.[13] Thus, in order to believe that, I would have to be given an exceedingly strong argument that there was no other alternative, not the kind of arguments typically offered against the theistic alternative. At the very least, such evidence puts a burden on naturalists to provide powerful reasons for rejecting the theistic explanation.

  A more common response among cosmologists is to invoke a multiverse to explain the fine-tuning. According to this hypothesis, there is a very large, if not infinite, number of regions of space-time with different values of the fundamental parameters of physics, different initial conditions, and perhaps, even different laws of nature. Advocates of this hypothesis then claim that in a sufficiently varied multiverse, it is no surprise that some universe is structured so that observers will arise in it. Finally, they invoke the so-called observer-selection principle, which is the tautological claim that embodied observers can only exist in a region of space-time that allows for them to exist. This renders it unsurprising that as generic observers, we find ourselves in an observer-structured region of space-time since it is impossible for us to exist in any other type of region.

  The observer-selection principle is essential to the multiverse explanation because it prevents it from undercutting the need to explain other seemingly surprising events and features of the universe. For example, normally, one would think that it is too coincidental for a six-sided die to land fifty times in a row on four just by chance. Yet, in a large enough multiverse, someone will observe this occurring. Nonetheless, it is still improbable that a generic observer in a generic multiverse will see such an occurrence. Hence, purportedly, the multiverse hypothesis, combined with the observer-selection principle, can render it unsurprising both that observers exist and that we, considered as generic observers, find ourselves in an observer-structured universe, while—at the same time—not undercutting ordinary claims of improbability.

  Because of its reliance on the observer-selection principle, the multiverse can only directly render unsurprising that we find ourselves in an observer-structured universe. Because of this limitation, it cannot, without additional hypotheses, explain either the fine-tuning of the constants for life or the fine-tuning for discoverability. As I have argued elsewhere,[14] with regard to the former, the problem is that all those universes that do not have life-permitting values for the fundamental parameters of physics—such as the cosmological constant—and are sufficiently large (e. g., infinite) will be dominated by isolated observers arising from thermal fluctuations; in fact, given the extreme fine-tuning of the constants, there will be vastly more of these universes than one’s dominated by ECAs such as us. Thus, the parameters of physics are not fine-tuned for observers. Rather, they are fine-tuned so that ECAs can arise that can significantly interact with one another. But, because of its reliance on the observer-selection effect, without additional postulates, the multiverse only implies that we will find ourselves in an observer-structured universe. Thus, it cannot of itself directly explain the actual anthropic fine-tuning—that is, why as generic observers, we find ourselves in a universe whose fundamental parameters allow for embodied conscious agents. The existence of these fluctuation observers, therefore, poses a problem not just for a multiverse explanation of the low entropy of the universe, but more generally, for explaining the fine-tuning of the constants.

  According to the thesis I am proposing, the universe is not just fine-tuned so that ECAs can exist, but so that they can develop technology and discover its nature. If this is indeed the case, the multiverse hypothesis would also run into a major problem explaining this fine-tuning. The reason is that there seems to be no necessary connection between a universe being ECA-permitting and its being discoverable, beyond that required for getting around in the everyday world. Thus, if, because of the fine-tuning for discoverability, the proportion of observer-permitting universes that are as discoverable as ours is really small, it would be very improbable under a generic multiverse hypothesis that as generic observers, we would find ourselves in such a universe. So, the fine-tuning for discoverability, if legitimate, presents a further problem for the multiverse as a complete explanation of the fine-tuning; since this discoverability is not surprising under theism, if it is truly highly coincidental under naturalism, it provides further data in support of theism, and thus, moves the debate forward.

  Irrelevant to Life Objection

  I will now consider how the discoverability theses help to answer a common objection, usually raised by physicists, against anthropic fine-tuning—namely, many features of the universe seem irrelevant for the existence of life. This objection is nicely stated by Sean Carroll. After listing some reasons to be skeptical of fine-tuning claims, Carroll states, “But in fact there is a better reason to be skeptical of the fine-tuning claim: the indisputable fact that there are many features of the laws of nature which don’t seem delicately adjusted at all, but seem completely irrelevant to the existence of life.”[15] One commonly used example—for instance, by Carroll, Steven Weinberg, and Mario Livio—is the existence of extra generations of particles, such as the muon, a particle that is in all ways like the electron except being much more massive; such particles do not seem, in any way, needed for life.[16] Along similar lines, Carroll takes issue with a theistic explanation of the low entropy of the universe, correctly noting that only a universe with a local region of low entropy is needed for life; Carroll then claims that in creating a universe with low entropy throughout, God would have had to fine-tune the universe far more than would have been necessary for life. This, he states, poses “a bigger problem for the God hypothesis than for the multiverse,”[17] though Carroll does not really explain why in the article in question.

  Contrary to what Carroll assumes, it is not clear why, under theism, every feature of the universe would have to serve a purpose; clearly, not everything, such as the number of moons of Jupiter, need not have a purpose. But even if theism did entail that every ingredient in the fundamental physical structure of the universe has a purpose, discoverability (along with considerations of elegance) could offer a way of explaining them. To elaborate, the extra generations of particles could very well help with humans discovering the fundamental structure of matter. For instance, these extra generations fall into a highly symmetric pattern—three for each of the two types of quarks and three for the two types of leptons. This symmetry suggests that they are clues to an even deeper, more elegant theory. Further, they could help in discoverability in other ways. For example, according to the June 2012 issue of Symmetry Magazine (a joint publication of Fermilab and Stanford Linear Accelerator Center), the muon—the particle perhaps most commonly cited as an added extra not needed for life—is playing an increasingly important role in particle physics. According to Chris Polly, one of the Fermilab physicists involved in muon research, one reason the muons are special is that “they are light enough to be produced copiously, yet heavy enough that we can use them experimentally to uniquely probe the accuracy of the Standard Model.” Further, the article notes that “Today scientists can manipulate the muon and use it as a tool not only for particle physics research but also for cosmology, archeology and public safety.”[18]

  With regard to the low entropy of the universe, having a low entropy throughout the entire universe makes it more discoverable for at least two reasons. First, a universe that has a low entropy over a vast region is necessary for us to observe other stars and galaxies, and thus, to understand the Big Bang origin of our own universe. As Carroll notes, if the region of low entropy were not large enough, the universe would be devoid of other galaxies.[19] Of course, one could respond that God could have created a universe that did not originate in a Big Bang, and, for instance, only contained one galaxy. This, however, is irrelevant since the question is why a universe such as ours that originated in a Big Bang, and has the same underlying laws of physics, has a low entropy throughout. Discoverability can answer this; it does not purport to answer why God did not create another kind of universe with radically different laws or origins, such as a Star Trek universe in which we can use warp drive to discover other stars.[20]

  In light of the possibilities that discoverability, and also elegance, offer for understanding why the universe is this way, let me suggest that objections such as the above run the risk of being an ungodly appeal to gaps: just because we do not understand the reason God might have created the world with a particular fundamental feature does not mean there is not one.

  Besides its ability to make sense of the items mentioned above, next I will consider an example of the Discoverability/Livability Optimality thesis’s (DLO) potential predictive power.

  III. Predictive and Explanatory Power of Discoverability

  Cosmic Microwave Background Radiation

  The most dramatic confirmation of the DLO is the dependence of the Cosmic Microwave Background Radiation (CMB) on the photon to baryon ratio. The CMB is leftover radiation from the Big Bang that permeates space and has been reshifted into the microwave region of the electromagnetic spectrum. Because its source is in the Big Bang, the CMB gives us critical information about the large-scale structure of the universe: for example, physicists John Barrow and Frank Tipler point out that “The background radiation has turned out to be the ‘Rosetta stone’ on which is inscribed the record of the Universe’s past history in space and time.”[21] Much of the information in the CMB is in very slight variations in its intensities of less than one part in 100,000 in different parts of the sky. Since the CMB is already fairly weak, this implies that within limits, the more intense it is, the smaller the fluctuations in the CMB we can detect, and hence, the better tool it is for discovering the universe.

  Now, the intensity of CMB depends on the photon to baryon ratio, ηγb, which is the ratio of the average number of photons (particles of light) per unit volume of space to the average number of baryons (protons plus neutrons) per unit volume. At present, this ratio is approximately a billion to one (109), but it could be anywhere from one to infinity; it traces back to the degree of asymmetry in matter and anti-matter right after the beginning of the universe—for approximately every billion particles of antimatter, there was a billion and one particles of matter. So far, it is a mystery why this ratio is what it is. Even if physicists can give a further explanation for why this ratio has the value it does, the question would still arise as to why that deeper physics instead of some other.

  The only livability effect this ratio has is on whether or not galaxies can form that have near-optimally livability zones. As long as this condition is met, the value of this ratio has no further effects on livability. Hence, the DLO predicts that within this range, the value of this ratio will be such as to maximize the intensity of the CMB, as observed by typical ECAs. According to my calculations—which have been verified by three other physicists—to within the margin of error of the experimentally determined parameters (~20 percent), the value of the photon to baryon ratio is such that it maximizes the intensity of the CMB, and falls off rapidly for values of this ratio different from that in our universe. This is shown in Figure 1 below.

  
    [image: ]
    Figure 1: Variation of the intensity of the cosmic microwave background radiation (CMB) observed by typical ECAs for various values of the photon to baryon ratio (ηγb). CMB0 and ηγb0 are the values of the CMB and ηγb in our universe. Notice that the CMB is maximal at ηγb/ηγb0 = 1—that is, for the value of the photon to baryon ratio in our universe.

  

  It is easy to see that this prediction could have been disconfirmed. In fact, when I first made the calculations in Fall 2011, I made a mistake and thought I had refuted the DLO since those calculations showed the intensity of the CMB maximizes at a value different than the photon to baryon ratio in our universe. So, not only does the DLO lead us to expect this ratio, but it provides an ultimate explanation for why it has this value, whatever other explanation we may find based on some deeper physics. This is a case of a teleological thesis serving both a predictive and an ultimate explanatory role.

  IV. Objections

  Now, I turn to a couple of objections.

  Discoverability-Selection Objection

  One objection to the above argument is that there is a discoverability selection effect. One form this objection takes is the claim that if a domain were not discoverable, we would not know what we are missing.[22] The simplest answer to this objection is that this is not generally the case. For instance, suppose the fine-structure constant, α, were 50 times smaller. In that case, light microscopes could only resolve objects down to 10 microns. Yet, if ECAs could exist in such a universe, they could observe some cells, and thus, develop cell theory, and gain indirect knowledge that there were cells less than 10 microns in size, and yet, wish that they had an instrument that could see them.[23] Or, as another example, we could have lived in a universe in which the photon to baryon ratio was substantially different, but where a very weak CMB was still detectable. Then, one could show that the value of the photon to baryon ratio in our universe would maximize the intensity of the CMB, and hence, would make it more useful than any other value of this ratio.[24]

  Cherry Picking Objection

  Another possible response to cases of discoverability is that they involve “cherry picking”: one looks for and finds the information that confirms one’s hypothesis, ignoring all the disconfirming evidence. There are several types of “cherry picking.” First, one might pick features of the world that are helpful for discovery and ignore those features of the world that hurt discovery; since there are so many domains that could be discovered, it seems likely that one could always find some features of the world that are helpful for discovery with almost any kind of world that could give rise to ECAs. This objection can be avoided by restricting ourselves to only considering widely recognized major domains—cosmology, geology, cell biology, the fundamental microscopic structure of the world, and the like—and the major possible tools for those domains, such as the light microscope, radioactive dating, and the CMB.

  Further, one might worry that the tools used for discovery are often not obvious until they are developed. Hence, if the values of the parameters were different, there might be other possible tools that ECAs could develop that we are not presently aware of.[25] For the major domains of discovery, this is typically not the case. For example, alternative values for the fine-structure constant would not give rise to alternative forms of radiation that would be as good as light for observing cells; hence, for at least a very wide range of values of the fine-structure constant, there would not be any adequate replacement for the light microscope. Or, consider the CMB. Different values for the photon to baryon ratio would not give rise to alternative forms of radiation that could substitute for the CMB.[26]

  V. Conclusion

  In conclusion, looking for cases of fine-tuning for discoverability has the potential of providing a new set of empirically-based evidence with regard to the debate whether the universe is teleologically structured or indifferent to our existence. It, thus, has the promise of substantially moving the debate forward.

  Sean Carroll’s Response

  As a physicist, I have to say that at face value, the idea that the physical world that we are faced with is, in some sense, maximized for discoverability is, to put it mildly, hard to swallow. I think it is very clear that we could easily invent other laws of physics that would make the world much more easily discoverable. If the world were governed by classical mechanics instead of quantum mechanics, we would have discovered it hundreds of years ago. Even within the framework of quantum field theory, it is very easy to imagine adding extra forces to the standard model, which would make it easier to study the nature of matter without actually studying its structure, and without actually changing its structure. Robin knows this perfectly well; therefore, he defines his thesis to exclude those possibilities, and he says that he’s only going to look at the known laws of physics, but with certain values of the parameters, and claims that those values of the parameters are known to be discoverable.

  Let’s look at an example. My favorite example is the Higgs boson, which we just discovered in July 2012. It was a big deal when we discovered the Higgs boson—news worldwide, physicists breaking down in tears of laughter and joy. Why were they so happy? Well, it’s a big part of physics, but also they were happy because we had been looking for the Higgs boson for a long time . . . and we hadn’t found it. We’d looked for it in the 1980s at the Super Proton Cynchrotron, also at CERN, outside Geneva. We looked for it at Tevitron outside Chicago. We did not find it. We also looked for it at the large electron positron collider at CERN; we looked for it at the Stanford Linear Accelerator and did not find it. All this before we finally found it. It took thousands of physicists decades of effort and billions of dollars to find the Higgs boson. And if you went and visited those physicists and said, “You know what, I think it’s pretty clear that the mass of the Higgs boson is optimized to be discoverable,” they would probably slap you. They would certainly be a little bit upset. Now, you might say, “Well, maybe if the Higgs boson were lighter and more discoverable, other things would change. Life would be impossible” and so forth, but that’s false. Back in the 1970s, we had an absolutely reasonable expectation that the Higgs boson might have been one-tenth of the mass that we actually found it at. And life would not have changed in any way. There’s no anthropic constraint given by the mass of the Higgs boson. You might say, “Well, a tenth is not that small,” but that would be another example of theists underestimating God’s power. If God really wants to make the Higgs boson discoverable, he could have made it discoverable by a lot more. And that’s just one example of many, many examples. Most of the matter in the universe is dark matter. Why do we call it dark matter? Because we haven’t discovered it yet. Could we have discovered it earlier if the parameters of the laws of physics were a lit bit different? Yes, very, very easily. We have not discovered any particles other than the Higgs boson at the LHC even though we are pretty convinced that they’re there. They’re just not as discoverable as we had hoped.

  And this goes on over and over and over again. In cosmology. you don’t even need the entire galaxy to have life. Really, we could imagine a universe which was just the solar system, just the sun and the planets that we know about. The other stars and galaxies are pretty and they provide full employment for astronomers, but they are not necessary for life on earth. A universe which was just the solar system would be really, really discoverable. We could visit it. We could go and land on the entire universe. That would be very discoverable and it does not require new laws of physics. It’s exactly the same laws of physics, just with different initial conditions. I would claim that if you really took seriously the idea that God would try to make the universe discoverable, the actual evidence of the universe provides an extremely convincing argument against the existence of God.

  But I also want to point out, finally, that Robin’s talk is really a quintessential example of something I mentioned earlier, which is the tendency of people who emphasize fine-tuning to be hopelessly parochial and anthropocentric. Robin talks about the fact that if the fine-structure constant were a little bit different, wood would burn at a different rate and so forth. So, the question is, if the fine-structure constant were a little bit different, wouldn’t primitive people have found something else to do other than burn wood? And that’s a very difficult question to answer. You have to imagine that a physicist, given the laws of nature, but not the particular values of the parameters, would be able to go, “Ah, I’m sure just by looking at these formulas, knowing nothing about the history of the earth, that the fine-structure constant must have this particular value, otherwise primitive societies would not have been able to smelt metals.” It is completely implausible that that would actually happen without knowing anything about the actual history of the earth; the same thing is true for parameters other than the fine-structure constant. There is no reason to think that the universe would not be just as discoverable with a slightly different value.

  William Lane Craig’s Response

  Thank you, Robin, for your views. I think that there is probably no other person who has devoted greater study to the problem of fine-tuning than Robin Collins, and I am looking forward to his two-volume work on the subject, The Well-Tempered Universe, which, when it appears, I believe will be the definitive work to date on the fine-tuning argument.

  I’m struck by the fact that the alternative to theism in contemporary cosmology is this world ensemble, or multiverse, hypothesis. Otherwise hard-headed scientists would not be resorting to so extraordinary a metaphysical hypothesis as that there are other, unseen, causally unconnected, parallel universes, which are randomly ordered in their constants and quantities and sufficiently numerous so as to guarantee that finely-tuned universes would appear somewhere in the ensemble. There is no independent evidence, apart from the fine-tuning, for the existence of such a world ensemble. The claim that you can marry inflationary theory to the string landscape to predict a multiverse, I think, is fatuous. There is no evidence for the truth of string theory to begin with, and my understanding, at least, is that inflationary cosmology is incompatible with string theory, so the two do not yield the prediction of an actual multiverse.

  So, it seems to me that this is quite extraordinary, and one wouldn’t expect such a metaphysical hypothesis to be testable. One would basically think, “Well, this is a standoff between theism and multiverse, or world ensemble, hypothesis.” And for that reason, it is all the more remarkable that there does seem to be this very powerful argument against the world ensemble, or multiverse, explanation that has been pressed by Roger Penrose and others—namely, that if we were just a random member of such a world ensemble, then we ought not to be observing embodied, conscious agents surrounded by a universe that is in low entropy. We ought to be, instead, Boltzmann Brains. And Robin has explained this in some detail, for a number of reasons, as to why that type of universe will dominate the world ensemble of universes. It would only be by adopting a special, ad hoc measure of probability that the multiverse proponent could justify thinking that Boltzmann Brains are less probable than ordinary observers.

  Now, with respect to the question of God’s creating the universe to be discoverable, Robin has augmented the fine-tuning argument by showing that not only must the values of the constants and quantities fall into this incomprehensibly narrow range in order for the universe to permit embodied, conscious agents, but it must also fall within another extremely narrow range in order for the universe to be discoverable by these agents. Now, it is not a refutation of this to say that we can think of other worlds that would also be discoverable, or that would be more optimally discoverable. As Robin points out, that is to conflate discoverability with optimality, and that’s no part of his argument. That’s like arguing that a Timex watch need not be designed because it’s not a Rolex. We can imagine a better time-keeping instrument, more accurate, and so forth; therefore, the Timex is not a product of design. Similarly, to say that there could be other universes that are more optimally discoverable, or there are other universes that we can imagine that would be equally discoverable, doesn’t refute the fact that we are living in a universe in which it is extraordinarily improbable, beyond comprehension, that we should exist and that the universe would be amenable to the project of modern science. And so, therefore, I think Robin is really on to something here, and I hope that scientists, in keeping with their commitment to having an open mind, will entertain this hypothesis, and test it and compare it with what I regard as an extraordinarily implausible alternative—namely, the world ensemble hypothesis.

  Robin Collins’s Response

  Sean Carroll has presented a set of supposed counterexamples to my claims about discoverability, but none to my actual calculations.

  Bill Craig has pointed out that he misinterprets what I am claiming. I do not claim that this is the most discoverable of all possible universes or that God would create the most discoverable universe because there are other things to be considered. Now, I want to look at some of Professor Carroll’s counterexamples. First, he said that God could have created a classical world. Let’s consider a classical world. Could you have atoms in a classical world? Well, it’s well-known that as the electrons are orbiting the nucleus of an atom in a classical world, they emit electromagnetic radiation, and within microseconds or less, they will crash into the nucleus. A classical world is not stable. You cannot have building blocks for life made of atoms in a classical world. So, that’s not a counterexample at all. You need quantum mechanics unless you are trying to imagine a completely different kind of world that we have no sense of what it would be or its underlying laws. Now, he also mentioned the Higgs boson. And privately, he’s brought up other things that are parts of the standard model of particle physics. I haven’t thought much about the standard model. Why? I’ve taken to heart what Carroll says about the standard model in his article, “Why Most Cosmologists are Atheists.” Carroll claims that, “at least at our current level of expertise we don’t really know what the universe would look like if the parameters of the standard model were different.” Given this, I have focused on fundamental parameters one level up from the standard model, those in which we have a better grasp of what would happen if they were different. Yet, in his response to me, Carroll seems to have changed his mind, claiming we do know what would happen if we changed those parameters, such as the mass of the Higgs boson. He says it would be more discoverable and no bad consequences would follow. Those claims of certainty don’t seem consistent with what he said previously. What about his solar system example? Either we have a single solar system in a Big Bang universe or we don’t. If it’s in a Big Bang universe, then, because you can’t see other galaxies, you wouldn’t ever be able to determine whether the universe was expanding, or even if there was a larger universe. You couldn’t determine the Hubble constant, and so, you wouldn’t be able to discover the Big Bang theory even though the universe would have had a Big Bang origin.

  So what if it’s not a Big Bang universe? Then we’re talking about a very different universe. I would have to ask Professor Carroll to specify that universe, what are the laws that we’re imagining of that universe? What’s going on in that universe? In that case, are they as elegant as the laws in our universe? Are they as discoverable? One shouldn’t just throw out such a case as a counterexample without addressing these concerns. Then, he mentions dark matter, and just as in the case of the standard model, he says, “We don’t really know a lot about dark matter, about what would happen if you changed its interactions.” I would say that falls into the same kind of problem the standard model falls into. Then, he mentions wood burning as the final thing. What if the fine-structure constant were larger? No wood fires. What are carbon-based beings like ourselves going to burn? Well, maybe they’d burn peat. It’s the same problem with peat. Peat is made of cellulose. It’s basically the same problem. It would emit too much radiant energy and also wouldn’t burn. What else are they going to try to use? Well, maybe they would try to use oil. But there wouldn’t be very much oil around. So, maybe there’s a far off possibility that they would be able to forge metals, but the likelihood would drastically decrease. They are not going to be able to use, say, uranium to produce heat by natural radioactivity. None of that’s going to be possible. I think it’s completely fanciful to say that they’d be able to have fires just as well in an alternative world.
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How Physics Fakes Design, and Makes Things Difficult for Theism

Alex Rosenberg
In this chapter, I attempt to accomplish three things: first, to show that physics is sufficient for all appearances of design in nature. Second, that the only way they can emerge consistently with physics is by natural selection. Third, that the particular physical process that drives adaptational evolution makes Darwin’s theory irreconcilable with theism. The standard way most Christian biologists seek to reconcile theism with Darwinism won’t work. It must either misconstrue the theory or treat it as merely useful fiction.
 Physics Suffices for Adaptation by Natural Selection
 A scientific explanation of adaptation has to be consistent with physics. So, it has to begin with zero adaptation and build up all the rest of the amazing adaptations of biology from the ground up by physics alone. We can’t even leave room for “stupid design,” let alone “intelligent design,” to creep in. Why? Because the process Darwin discovered is a purely physical process operating in a mindless world. If it has to start from even the first, slightest, sliver of design, it is no longer compatible with physics. For physics ruled out purpose, teleology, goals, ends, every economy of means to ends, when Newton overthrew the Aristotelian system.
 Logical compatibility with physics is something that science requires from biology. Scientists have long demanded consistency with well-established physics as a requirement on all other theories in science. In fact, the nineteenth-century critics of Darwin’s theory were eager to adopt the standard of consistency with physics as a way to blow the theory out of the water. One of these opponents was Lord Kelvin, of second law fame. Soon after the publication of On the Origin of Species, Kelvin argued that the Darwinian theory of natural selection had to be false. Darwin estimated that at least three hundred million years had been required for natural selection to provide the level of adaptation we see around us. (He was off by three orders of magnitude.) But Kevin thought he could prove that the Sun was no more than twenty million years old. Given the amount of energy it generated and the best theory of heat production available at the time, Kelvin’s theory proposed that the upper limit on the Sun’s age was forty million years. So, there could not been enough time for natural selection to provide adaptations by the process of natural selection. Thus, Kelvin refutes Darwin.
 Of course, Kelvin didn’t have the slightest idea what the real source of the Sun’s energy was. It was only after World War II that Hans Bethe won the Nobel Prize in Physics for figuring out that the Sun is a very long-lasting hydrogen-fusion-driven explosion. But in 1870, Kelvin’s objection had to be taken pretty seriously. Explanations of adaptation had to be compatible with the correct physical theory, and in 1870, Kelvin’s was the most well-informed guess about the physics of solar energy. Darwin himself owned up to being very worried about this problem, since he accepted the constraint of consistency with physics as a requirement for any theory of adaptation.
 Although Darwinian biologists have not noticed, their theory needs more than mere consistency with physics. It’s not enough to show that Darwinian theory gets it mostly right, except for a few exceptions, a couple of adaptations produced by non-Darwinian processes at work in biology. To close down the wiggle-room, Darwinism needs to show that the only way adaptations can ever happen—even the most trivial and earliest of adaptation—is by natural selection working on zero adaptation. It needs to demonstrate that, given the constraints of physics, adaptation could have no other source than natural selection. We will sketch how such an argument goes, in two stages. First, we’ll show that natural selection doesn’t need any prior adaptation at all to get started: beginning with zero adaptations, it can produce all the rest by physical processes alone. Physics is sufficient for adaptation by natural selection. We need only the second law of thermodynamics to do this. Then, with the same starting point, the second law, we can show that the process Darwin discovered is, necessarily, the only way adaptations can emerge, persist, and be enhanced in a world where the physical facts fix all the facts. That will close down the wiggle room for any alternative source of adaptation in the universe. It will also accomplish the reduction of natural selection to physics.
 The second law of thermodynamics tells us that, with very high probability, entropy, the disorder of things, increases over time.
 But the biological realm seems to show the opposite of second-law disorder. It reflects persistent orderliness—start out with some mud and seeds, end up with a garden of beautiful flowers. The ever-increasing adaptation of plants’ and animals’ traits to local environments looks like the long-term increase in order and decrease in entropy. So, we have to square the emergence and persistence of adaptation with the second law’s requirement that entropy increases.
 You could be excused for thinking that if adaptation is orderly and increases in it are decreases in entropy, then evolution must be impossible. This line of reasoning makes a slight mistake about entropy and magnifies it into a major mistake about evolution. The second law requires that evolution produce a net increase in entropy. Increases in order or its persistence are permitted. But they must be paid for by more increases in disorder elsewhere. Any process of emergence, persistence, or enhancement of adaptation must be accompanied by increases in disorder that are almost always greater than the increases in order. The “almost” is added because increases in entropy are just very, very probable, not absolutely invariable. It won’t be difficult to show that Darwin’s explanation of adaptation—and only Darwin’s explanation—can do this.
 Natural selection requires three processes: reproduction, variation, and inheritance. It doesn’t really care how any of these three things get done, just so long as each one goes on for long enough to get some adaptations. Reproduction doesn’t have to be sexual, or even asexual, or even easily recognized by us to be reproduction. Any kind of replication is enough. In chemistry, replication occurs whenever a molecule’s own chemical structure causes the chemical synthesis of another molecule with the same structure—when it makes copies of itself or helps something else make copies of it. This can and does happen several different ways, in the test tube and in nature. The one most directly relevant for evolution on Earth is called template matching—the method DNA uses to make copies of itself.
 First step: when atoms bounce around, some bind to one another strongly or weakly, depending on the kind of attraction there is between them—their chemical bond. When the bond is strong, the results are stable molecules. These molecules can only be broken up by forces that are stronger than the bonds. Such forces require more energy than is stored by the stable bond between the atoms in the molecule. Breaking down a stable molecule takes more energy than keeping it together.
 Second step: occasionally, these relatively stable molecules can be templates for copies of themselves. Their atoms attract other atoms to themselves and to each other, so that the attracted atoms bond together to make another molecule with the same structure. The process is familiar in crystal growth. Start out with a cube of eight atoms in a solution of other atoms of the same kind. They attract another four on each side, and suddenly, the molecule is a three-dimensional cross. As it attracts more and more, the crystal grows from a small cube into a large one. The crystal grows in a solution through “thermodynamic noise”: the increasingly uneven and disorderly distribution of atoms just randomly bouncing around in the solution mandated by the second law. The atoms already in the crystal latch on to other ones in the crystal in the only orientation chemically possible, making the nice shape we can see when they get big enough.
 A crystal molecule doesn’t just have to grow bigger and bigger. Instead, the molecule can set up chemical forces that make two or more other unattached atoms, that are just bouncing around, bond with one another, making new copies of the original crystal. Instead of getting bigger, it makes more copies of itself.
 The process could involve more steps than just simple one-step replication. It could involve intermediate steps between copies. Think of a cookie that is stale enough to be used as a mold to make a cookie-cutter that takes the stale cookie’s shape. It’s a template—to make a new cookie. Make the new cookie, then throw away the cookie-cutter, let the new cookie go stale, and use it to make a new cookie-cutter. Make lots of copies of the same cookie using one-use cookie-cutters. You get the idea. (In a way, this is just how DNA is copied in the cell, using each cookie-cutter once, except the cookie-cutter is not thrown away. It uses it for something else.)
 Physical chemists and organic chemists are discovering more and more about how such complicated structures arise among molecules. They are applying that knowledge in nanotechnology—the engineering of individual molecules. Pretty soon, they’ll be able to induce molecules to build any geometrical shape they choose. Often, the molecule of choice in nanotechnology experiments is DNA. As usual, there are people such as the late Michael Crichton and other commentators on nanotechnology who gain attention, warning us that we will soon be overrun by self-replicating Nano-robots. The reason they claim to be worried is the role of “self-assembly” in building Nano machines.
 Chemists building these structures molecule by molecule are remarkable in themselves. What is truly amazing is that the structures assemble themselves. In fact, this is the only way nanotechnology works. There are very few molecules chemists can manipulate one at a time, putting one next to another, and then, gluing them together. All they can do is set up the right soup of molecules milling around randomly (“thermodynamic noise”), and then, wait while the desired structures are built by processes that emerge from the operation of the laws of physics. Just by changing the flexibility of small molecules of DNA in the starting soup at the bottom of the test tube, and changing their concentrations, chemists can produce many different three-dimensional objects, including tetrahedrons, dodecahedrons, and Bucky balls—soccer ball shapes built out of DNA molecules. Of course, what we can do in the lab, unguided nature can do better, given world enough and time.
 Replication by template matching is even easier than self-assembly. And it works particularly well under conditions that the second law of thermodynamics encourages: the larger the number of molecules, and more randomly the molecules of different kinds are distributed, the better. These conditions increase the chances that each of the different atoms needed by a template will sooner or later bounce into it to help make a copy. In fact, “works well” is an understatement for how completely template replication exploits the second law.
 Let’s assume that the mixture of atoms bouncing around in a test tube or in nature is very disorderly, and getting more so all the time, as the second law requires. As the disorderly distribution of atoms increases, the chances of different atoms landing on the template increase too. Most of the time, an atom bouncing into a template of other atoms is too big or too small or too strongly charged to make a copy-molecule that survives. Even if the new atom bonds to the others, the whole copy may break apart due to differences in size or charge or whatever, sending its constituent atoms off to drift around some more, increasing entropy, of course. In most cases, in the lab and out of it, this disorderly outcome of instability in copying is the rule, not the exception. The exception is, of course, a successful duplicated molecule.
 Now, let’s add some variation to the replication. In effect, we are introducing mutation in template copying. Variation is even easier than replication to get going at the level of molecules. It’s imposed on molecules during the process of replication by some obvious chemical facts working together with the second law of thermodynamics.
 One look at the columns of the Periodic Table of the Elements is enough to show how disorder makes chemically similar but slightly different molecules. In the table, fluorine is just above chlorine in the same column. They are in the same column because they react with exactly the same elements. Chlorine and sodium atoms bond together and made table salt; that means fluorine and sodium atoms will too (the resulting molecule is a tooth-decay preventer). The reason fluorine and chlorine atoms combine with sodium equally well is that they have the same arrangements of electrons that do the bonding. All that means is that if a chlorine and a fluorine molecule are both bouncing around and bump into the same template, they may both bond the same way with other atoms on the template to make similar, but slightly different molecules. A template with chlorine molecules in it could easily produce a copy-molecule that differs only in having fluorine where chlorine would normally go. Voila variation.
 When chemical reactions happen billions of times in small regions of space and time, even a small percentage of exact copies quickly come to number in the millions, as does the percentage of slightly varied copies, with one or two atoms of different elements in place of the original atoms. Most of the time, the outcome of this process is wastage—a molecule that doesn’t replicate itself or falls apart, just as the second law requires. But sometimes—very rarely—variation produces a molecule that is slightly better at replicating, or one that is just a little more stable.
 Now, we have replication and variation. What about fitness differences, the last of the three requirements for evolution by natural selection? Fitness is easiest to understand at the level of molecules bouncing around in a world controlled by the second law. Molecules that form from atoms are stable for various durations of time. Some break apart right after forming, as a result of strong atomic forces such as charge. Some break apart because their bonding is too weak to withstand the force of other atoms that bounce into them or even just pass by. Some “fragile” molecules will remain intact for a while. They just happen by chance to avoid bouncing up against other molecules, ones with stronger charges that pull atoms away from their neighbors. Here again, the second law rears its head: as molecules bounce around, any amount of order, structure, pattern almost always gives way to disorder, to entropy. Hardly any molecule is stable for extremely long periods, with the exception of the bonded carbon atoms in a diamond crystal.
 There are differences in stability among molecules, owing to the variations that inexact replication permits. Differences in stability have an impact on the replication of different types of molecules. A template molecule produces copies just by random interaction with atoms that bounce into it or pass close enough to be attracted. The longer the original templating molecule stays in one piece—that is, the more stable it is—the more copies it can make. Most of its copies will be just as stable as the original template-molecule since they will be exact duplicates. They will serve as templates for more copies, and so on, multiplying copies of the original.
 Of course, just as there are differences in the stability of different molecules, there are differences in their rates of replication. The number of copies of their templates that can be made, and their stability will depend on their “environments”: on the temperature, the local electric and magnetic fields, and the concentration of other atoms and molecules, around them. Consider two molecules that differ from one another along the two dimensions of stability and ease of replication. The first remains intact on average for twice as long as the second; the second templates twice as many copies per unit of time as the first. Over the same period, they will produce exactly the same number of copies. What will the long-run proportions of molecules of the two types be? It will be one to one. As far as producing copies are concerned, the two different molecules will have equal reproductive fitness. And, of course, if their differences in stability and replicability don’t perfectly balance out, then after a time, there are going to be more copies of one type of molecule than of the other.
 Molecules randomly bouncing around a region of space, and bonding to form larger molecules, will eventually, randomly, result in a few stable and replicating structures. Their structures will vary, and the variations will have effects on the molecules’ stability and replication rates. These differences, in the ability of molecules to stay intact (stability) and to allow for copies of themselves to form (replicability), will change the proportions of molecules in any region of space. If chemical and physical conditions in that region remain unchanged for long enough, the ratios of the different types of replicating molecules will eventually settle down to a fixed proportion. At that point, all the remaining replicating molecules in the region will be equally fit to survive—whether owing to their stability or replicability or varying combinations of both, they and/or copies of them persist. In other words, a purely physical process has produced molecular adaptation: the appearance, persistence, and enhancement of molecules with chemical and physical properties that enable them to persist and/or replicate, or both. Then, at some point, the chemical environment changes, slightly or greatly: temperatures rise or fall, new and different molecules diffuse through the region, the magnetic field strengthens or weakens. The process of adaptational evolution starts again, thermodynamically filtering for new stable, replicating molecules adapted to the new conditions.
 As this process goes on, two other phenomena become inevitable: the size and complexity of the replicating molecules will increase. Eventually, there will start to be molecules that enhance each other’s stability and/or replication through their chemical relations to each other. There are no limits to the repetition of this process, making bigger and more complicated and more diverse molecules. If conditions are favorable, the result will be really big assemblies of stable and/or replicating molecules, for instance, RNA and eventually, DNA sequences and strings of amino acids—i. e., genes and proteins.
 The rest is history, that is, natural history. The process we have described begins with zero adaptations and produces the first adaptation by dumb luck, sheer random chance that the second law makes possible. It just had to have happened this way if the physical facts fix all the facts, including the facts of adaptation.
 Molecular biologists don’t yet know all the details of this natural history, or even, many of them. Some have been known for a long time. It was in the early 1950s that two scientists—Stanley Miller and Harold Urey—showed how easy it is to get proteins, sugar, lipids, and the building blocks of DNA from simple ingredients available early in the earth’s history. All they did was run an electric current through some water, methane, ammonia, and carbon. Chemists have been designing similar experiments ever since, getting more and more of the building blocks of terrestrial life. Biologists have discovered that the simplest, and oldest of organisms on the planet—the archeabacteria—probably first emerged at least 2.8 billion years ago, and still survive in volcanoes at the bottom of the sea. It is there, in such volcanoes at the base of the ocean under the highest temperatures and greatest pressure, that one finds chemical reactions spewing out boiling lava and producing the largest quantities of entropy on the planet. This is just what the second law requires to drive thermodynamic noise, and through it, to find stable and replicating molecules in a world of random mixing.
 How much like the evolution of recognizably biological things—genes, cells, replicating organisms, is the molecular process we have described? Well, recognizably, biological evolution has three distinctive features:
 First, natural selection usually finds quick and dirty solutions to immediate and pressing environmental challenges. More often than not, these solutions get locked in. Then, when new problems arise, the solutions to old problems constrain and channel the random search for adaptations that deal with newer problems. The results are jury-rigged solutions permanently entrenched everywhere in nature.
 A second feature of biological evolution is the emergence of complexity and diversity in the structure and behavior of organisms. Different environments select among variations in different adaptations, producing diversity even among related lineages of organisms. The longer evolution proceeds, the greater the opportunities for more complicated solutions to continuing design problems.
 A third feature of biological evolution is the appearance of cooperative adaptations and competing adaptations. The cooperative ones are sometimes packaged together in the same organism, sometimes separated in two quite distinct ones living symbiotically (like us and the e. coli bacteria in our guts). But natural selection also, and more frequently, produces competition between genes, individuals, lineages, populations, and species. There is always that chance that “arms races” will break out between evolving lineages of traits, in which a new random variation in one trait gets selected for exploiting the other traits it has been cooperating with, or a new variation randomly appears in a trait that enables it to suddenly break up a competitive stalemate it was locked into.
 Each of these three features is found in the nano-evolution of the molecules. And each persists as molecular assemblies grow in size, stability, complexity, and diversity to produce organic life.
 Lock-in of quick and dirty solutions: Only a few molecular shapes will ever allow for their own self-assembly and copying (by templating or otherwise). These shapes begin the lock-in that second law processes will have to work with in building the more stable, more replicable, bigger, and more complicated molecules.
 Increasing diversity and complexity: Thermodynamic noise constantly makes more and more different environments—different temperatures, different pH, different concentrations of chemicals, different amounts of water or carbon dioxide or nitrogen, or more complicated acids and bases, magnetic fields, and radiation. As a result, there will be a corresponding selection for more and more different molecules. However, they will still be variations on the themes locked in by the earliest stages of molecular evolution.
 Cooperation and competition: Some of these molecules will even start to work together, just by luck, having structures that enhance one another’s stability or replicability. Others will explode or dissolve or change their structures when they combine with one another. They will produce new environments that will select for new chemical combinations, ones that cooperate, ones that compete. And so on, up the ladder of complexity and diversity that produces assemblies of molecules so big they become recognizable as genes, viruses, organelles, cells, tissues, organs, organisms, . . . our pets, our parasites, our prey, and our predators . . . and us.
 To summarize, molecules bouncing against one another inevitably follow a scenario dictated by the second law. Purely physical and chemical processes in that scenario are all that is needed for the emergence, persistence, and enhancement of adaptation through natural selection at the molecular level. Where and when molecules of some minimal size emerge, there will be some natural selection for chemical structures that confer more stability and replicability than what other chemical structures confer. These chemical properties are adaptations: they have functions for the molecules that exhibit them. They enable the molecules to survive longer than less stable ones in the same chemical bath, and to make more copies of themselves than other ones in the same bath. As a result of molecular natural selection, these molecules are better adapted to their molecular environments than others are.
 This is an important outcome for Darwin’s theory. It faces the demand of showing how to get the merest sliver of an adaptation from zero adaptation by purely physical, chemical, thermodynamic processes. More of the same processes can build on that sliver of an adaptation to get more adaptations, and eventually, more robust adaptations. But it can’t cheat. It can’t just assume the existence of that first sliver. The second law makes the first sliver possible. Variation and selection can take it from there. Now, we have to show that this is the only way adaptations—molecular or otherwise—can emerge: by exploiting the second law operating on zero adaptations, to begin with.
 Physics Makes Natural Selection the Only Way Adaptations Can Arise
 The second law makes the merest sliver of an initial adaptation just barely possible. But it makes no guarantees. For all we know, it might happen only once every 13.7 billion years in an entire universe. If the first adaptation survives long enough, the second law allows for improvements, but only if they are rare, energetically costly, and just dumb luck.
 But Darwin needs more from physics than just the possibility of adaptation. Physics won’t fix all the facts, unless the second law’s way of getting adaptations is the only way to get them. Darwinian theory needs to show that blind variation and environmental filtration is the sole route through which life could have emerged in any universe governed by the second law. We have to understand why, in a universe made only by physics, the process that Darwin discovered is the only game in town.
 There are only three things we need to keep in mind to do this. First, and as already noted, if we are out to explain how any adaptation at all could ever happen, we can’t help ourselves to some prior adaptation, no matter how slight, puny or insignificant. Second, the second law requires that the emergence and persistence of orderliness of any kind be energetically expensive. An explanation of adaptation’s emergence and persistence is going to have to show that the process is wasteful. The more wasteful, the better as far as the second law is concerned.
 The very first adaptation has to be a matter of nothing more than dumb luck. It had to be the random result of a very, very mindless process, such as a monkey hitting the keys of a typewriter randomly and producing a word. Given world enough and time, the bouncing around of things just fortuitously produces adaptations. The second law insists that initial adaptations—no matter how slight, small, or brief—can’t happen very often. And the same has to go for subsequent adaptations that build on these. They will have to be rare and random as well. So, any theory that explains adaptation in general will have to have this feature: that the first adaptation was a fluke, the luck of the draw, just an accident, simply the result of the law of averages. The inevitability of a first, slightest adaptation is ruled out by the second law: to begin with, the second law says that nothing is inevitable, even the heat-death of the universe. More important, the appearance of the merest sliver of an adaptation is an increase in order, and so, at most, improbable.
 None of this will be a surprise to Darwinian theory. That’s just what the theory says will happen: variations are random, they are almost always small; in fact, they are almost always molecular; the first ones come out of nowhere, just as a matter of shuffling the cards; mostly, they are maladaptive, and only rarely are they adaptive.
 The second law also requires that the process through which later adaptations emerge out of earlier ones be energetically expensive and wasteful: expensive because building more and more order has to cost more and more disorder; wasteful because the early steps—the original adaptations on which later ones are built—will be locked in so that less energetically costly ways of building the later adaptations are not available. Every explanation of adaptation will have to share this feature too. It will have to harness a wasteful process to create order.
 Now, one has only to examine natural selection as it has unravelled on earth to see how expensive and wasteful it is. The combination of blind variation and environmental filtration is great at increasing entropy. In fact, the right way to look at the emergence of adaptation on earth is to recognize that it is the most wasteful, most energetically expensive, greatest entropy-producing process that occurs on the planet. The evolution and maintenance of adaptations by natural selection wins the prize for greatest efficiency in carrying out the second law’s mandate to create disorder. Forget design, evolution is a mess. This is a fact about natural selection insufficiently realized and not widely enough publicized in biology.
 Examples are obvious. A female leopard frog will lay up to six thousand eggs at a time—each carrying exactly half of all the order required for an almost perfect duplicate offspring. Yet, out of those six thousand, the frog will produce only—on average—two surviving offspring. Some fish are even more inefficient, laying millions of eggs at one time just to make two more fish. Compared to that, a dandelion is miserly with seeds. It will spread only a thousand seeds and produce, on average, one copy of itself. But the human male competes well with profligate fishes. He ejaculates millions of sperm, full of information about how to build a person, almost all capable of fertilizing an egg, and yet, 999,999 sperm out of 1,000,000 fail to do it. A high proportion of most organisms go through an entire life cycle, building and maintaining order, and then leaving no offspring at all. Insofar as Darwinian processes make reproduction central to adaptation, they rely on a wonderfully wasteful process. It’s hard to think of a better way to waste energy than to produce lots of energetically expensive copies of something, and then, to destroy all of them except for the minimum number of copies that you need to do it all over again.
 How about heredity? Another amazingly entropy-increasing process! Molecular biologists know that DNA copy fidelity is very high, and therefore, low in information loss, compared to, say, RNA copy fidelity. But think of the costs of this much high fidelity. In every cell, there is a vast and complex apparatus whose sole function is to ensure copy fidelity: it cuts out hairpin turns when the very sticky DNA sticks to itself; it proofreads all the copies, removes mutations, breaks up molecules that could cause mutations, and so on. In Homo sapiens, at least sixteen enzymes—polymerases—have so far been discovered whose sole functions are to repair different kinds of errors that thermodynamic processes produce in DNA sequences. The costs of high-fidelity heredity—both to build the equipment that protects and corrects the DNA sequences, and to operate it—are very great, just what the second law requires.
 Now, let’s look at this energy waste on an even larger scale. The evolution of adaptation reflects environmental change over the earth’s history. The vast diversification of flora and fauna is also the result of differences between local environments in different places on earth. From long before continental drifts and long after global warming, environments on the earth change over time and increase entropy as they do so. What is more, once natural selection kicks in, flora and fauna remake their environments in ways that further accelerate entropy-increase. When nature started selecting molecules for stability and replicability, it began producing arms races more wasteful than anything the Americans and Soviets could ever have dreamt up. From that time on, there has been a succession of move and countermove in adaptational space made at every level of organization. It has happened within and between every descending lineage of molecules, genes, cells, and organisms. Each line of descent has forever searched for ways to exploit its collaborators and its competitors’ adaptations. All that jockeying for position is wasted when one organism, family, lineage, species is made extinct by the actions of another organism, family, lineage, and so on. This is what Darwin called the struggle for survival.
 Add sexual reproduction to the struggle for survival, and it’s impossible to avoid the conclusion that Darwinian selection must be nature’s favorite way of obeying the second law. Natural selection invests energy in the cumulative packaging of coadapted traits in individual organisms just in order to break them apart in meiosis—the division of the sex cells. Then, it extinguishes the traits and their carriers in a persistent spiral of creative destruction. Think about this for a moment: 99 percent of the species that have been extant on this planet are now extinct. That is a lot of order relentlessly turned into entropy!
 It’s well-known that every major change and many minor ones in the environment condemn hitherto fit creatures to death, and their lineages to extinction. As environments change, yesterday’s adaptation becomes tomorrow’s maladaptation. In fact, it looks like three different cataclysmic events have repeatedly killed off most of the life forms on earth. The dinosaur extinction 65 million years ago, owing to an asteroid collision on the Yucatan peninsula, is well-established. There are no dinosaur bones in any of the younger layers of stone around the world, but there is a layer of iridium—an element found in much higher concentrations in asteroids than on earth—spread evenly around vast parts of the earth centered on the Yucatan in the layers of rock 65 million years old. In that layer, iridium is 1,000 times more concentrated than elsewhere above or below it in the earth’s crust. At a stroke, or at least, over only a few years, all the vast numbers of dinosaur species, which had been around adapting to their environment beautifully for 225 million years, just disappeared. That’s what made the world safe for the little shrew-like mammals from which we are descended. The fossil record reveals a bigger extinction event 500 million years ago on earth and an even more massive extinction after that, 225 million years ago: the Permian-Triassic extinction in which 3/4ths of all ocean-living genera and almost 100 percent of ocean-dwelling species, along with 75 percent of land species, became extinct. This is order-destroying waste on a world-historical scale.
 Long before all this, it was the build up of oxygen in the oceans and the atmosphere that killed off almost everything on earth! Build up of oxygen? How could oxygen be a poison? Remember, yesterday’s adaptation can be today’s maladaptation. Life started in the oceans with anaerobic bacteria—ones that don’t need oxygen. In fact, they produce oxygen as a waste product, the way we produce carbon dioxide. Just as the plants clean up our mess by converting carbon dioxide into oxygen and water, the environment cleaned up all that oxygen pollution by molecular action, binding the oxygen to iron and other metals. At some point, the amount of oxygen waste produced by the anaerobic creatures exceeded the absorption capacity of the environment. As a result, they all began to be poisoned by increasing levels of oxygen around them. 2.4 billion years ago, these bacteria were all almost completely wiped out, making enough space for the aerobic bacteria, the ones that live on oxygen and produce carbon dioxide as waste. We evolved from these bacteria.
 Can any other process produce entropy as fast and on such a scale as natural selection? Just try to think of a better way of wasting energy than this: build a lot of complicated devices out of simpler things, and then, destroy all of them except the few you need to build more such devices. Leaving everything alone, not building anything, won’t increase entropy nearly as fast. Building very stable things, such as diamond crystals, will really slow it down, but building adaptations will use up prodigious amounts of energy. Adaptations are complicated devices: they don’t fall apart spontaneously; they repair themselves when they break down. They persistently get more complicated, and so, use even more energy to build and maintain themselves. Any long-term increase in the number of adapted devices without increased energy consumption would make a mockery of the second law. If such devices are ever to appear, besides being rare, they had better not persist and multiply, unless by doing so, they inevitably generate more energy wastage than there would have been without them. This is the very process Darwin envisioned: in Tennyson’s words, “nature red in tooth and claw.”
 Kelvin had the wrong end of the stick when he argued that there has not been enough time for natural selection to produce the adaptation, the order, we see on earth. What really needs to be explained is the fact that adaptation here on earth produces so much disorder. The second law that does exactly this, by allowing adaptations, but only on the condition that their appearance increases entropy. Any process competing with natural selection as the source of adaptations has to produce adaptations from non-adaptations, and every one of the adaptations it produces will have to be rare, expensive, and wasteful, We’ll see that this requirement—that building and maintaining orderliness always has to cost more than it saves—rules out all of natural selection’s competitors as the source of adaptation, diversity, and complexity.
 Could there be a process that produces adaptations that is less wasteful than the particular way in which Darwinian natural selection unrolled on earth? Probably. How wasteful any process producing adaptation can be depends on the starting materials, and on how much variation emerges in the adaptations built from them. But every one of these possible processes has to rely on dumb luck to produce the first sliver of an adaptation. In that respect, they would still just be more instances of the general process Darwin discovered—blind variation and environmental filtration. A process that explained every later adaptation, by more dumb-luck shuffling and filtering of the earlier adaptations, would still be Darwinian natural selection. It will be Darwinian natural selection even if the process was so quick and so efficient as to suggest that the deck was stacked. So long as the deck wasn’t stacked to produce some prearranged outcome, it’s still just blind variation and environmental filtration. Any deck stacking—a process of adaptational evolution that started with some unexplained adaptation already in the cards—is ruled out by physics.
 The Second Law, Natural Selection, and Theism
 The attentive reader will have noticed that at the beginning of the last section, I said only three things were required to show that, given the laws of physics, the only way adaptations could have emerged is by natural selection. The first two are the requirement that the first and all subsequent adaptations be random and rare events, the second that the process by which adaptations persist and improve be energetically expensive. But the third requirement we need to show that natural selection is the only game in town for building adaptations is a rather deeper and less widely noticed feature of the second law.
 No matter what brings it about, the process of adaptation is different from the more basic physical and chemical processes in nature. They are all “time symmetrical.” Adaptation is not. But the only way a time-asymmetrical process can happen is by harnessing the second law.
 A time-symmetrical process is one that is physically reversible. One example of such time-reversible process is well-known: any set of ricochets on a billiard table can be reproduced in exactly the opposite order. Here are some more examples: hydrogen and oxygen can combine to produce water, but water can also release hydrogen and oxygen. Even the spreading circular waves made when a drop of liquid falls into a pool can be reversed to move inward and expel the drop upward from the surface. No matter in what order the basic chemical and physical processes go, they can go the reverse order too.
 The second law creates all asymmetrical processes and gives them their direction in time. Now, the evolution of adaptations is a thoroughly asymmetrical process. Take a time-lapse film of a standard natural selection experiment. Grow bacteria in a petri dish. Drop some antibiotic material into the dish. Watch the bacterial slime shrink until a certain point, when it starts growing again as the antibiotic resistant strains of the bacteria are selected for.
 Now, try reversing the time-lapse video of the process of bacterial selection for resistance. What you will see just can’t happen. You will watch the population of the most resistant strain diminish during the time the antibiotic is present. After a certain point, you will see the spread of the bacteria that can’t resist the antibiotic, until the drops of the antibiotic leave the petri dish altogether. But that sequence is impossible. It’s the evolution of maladaptation, the emergence, survival, and spread of the less fit.
 There is only one physical process available to drive asymmetrical adaptational evolution. That is the entropy increase required by the second law of thermodynamics. Therefore, the second law must be the driving force in adaptational evolution. Every process of adaptational evolution—whether it’s the one Darwin discovered, or any other—has to be based on second law entropy increase.
 The physical facts—the starting conditions at the Big Bang, plus the laws of physics—fix all the other facts, including the chemical and biological ones. All the laws of physics except the second law work backwards and forwards. So, every one-way process in the universe must be driven by the second law. That includes the expansion of the universe, the build up of the chemical elements, the agglomeration of matter into dust motes, the appearance of stars, galaxies, solar systems, planets, and all other one-way processes. And that will eventually include, on one or more of these planets, the emergence of things with even the slightest, merest sliver of an adaptation. We can put it even more simply. In a universe of things moving around and interacting on paths that could go in either direction, the only way any one-way patterns can emerge is by chance, here and there, when conditions just happen to be uneven enough to give the patterns a start.
 These rare one-way patterns will eventually just peter out into nothing. Trust the second law. Consider the one-way process that built our solar system and maintains it. It may last for several billion years. But eventually, the nice pattern will be destroyed by asteroids, or comets, or the explosion of the Sun, or the merging of the Milky Way with other galaxies, whichever comes first. That’s entropy increase in action on a cosmic scale. On the local scale, entropy increase will occasionally and randomly result in adaptational evolution. And that is the only way adaptations can emerge in a universe where all the facts are fixed by the physical facts.
 Because entropy increase is a one-way street, the second law is also going to prevent any adaptation-building process from retracing its steps and finding a better way to skin the cat. Once a local adaption appears, it can’t be taken apart and put together in different, more efficient, less entropy-increasing ways. The only way to do that is to start all over independently. Adaptation-building has to produce local equilibria in stability and replication that get locked in, built into the woodwork, like a knot, and have to be worked around in the creation of new adaptations. Natural selection is famous for producing such examples of inferior design, Rube-Goldberg complexity, and traits that could only have been “grandfathered in.” It’s not just the oft-cited example of the blind spot in the mammalian eye resulting from the optic nerve’s coming right through the retina. An even more obvious case is the crossing of the trachea and the digestive system at the pharynx. Convenient, only if you like choking to death. We think of the giraffe’s neck as an adaptation par excellence. But the nerve that travels from its brain to its larynx has to go all the way down the neck, under the aorta and back up—a twenty-foot detour it doesn’t need to take.
 Any adaptation-creating process has to produce sub-optimal alternatives all the time. It has to do this not just to ensure entropy increase, but also to honor the one-way direction the second law insists on. Perhaps our most powerful adaptation is the fact that our brains are very large. They have enabled us to get to the top of the carnivorous food chain everywhere on earth. But this is only the result of a piece of atrocious design. The mammalian birth canal is too narrow to allow large-brained babies to pass through. This bit of locked-in bad design meant that the emergence of human intelligence had to await random changes that made the skull small and flexible at birth, and thus, delayed brain growth till after birth. This is where the large fontanel—the space separating the three parts of the infant’s skull—comes in. Now, the kid has room to get through the birth canal and has a skull that will immediately afterward expand to allow a big brain to grow inside it. But brain growth after birth introduced another huge problem: the longest period of childhood dependence of any species on the planet. All this maladaptation, corner-cutting, jury-rigging, is required by the second law of any process that produces adaptations.
 What does all this come to? The only way a recipe for building adaptations can get along with the second law is by employing it. The only recipe that can do that is the process that Darwin discovered: dumb luck variation, one-way filtering, and a very expensive copying machine.
 The process of natural selection is a matter of probabilities in the same way the spread of gas molecules in the up-stroke of a bicycle pump is a matter of probabilities, and for the same reason: the process of entropy increase is probable, not certain. This will be no surprise, given the role of the second law in generating evolutionary asymmetries. But even before this role became clear, the nature of evolutionary probabilities was well understood. The theory tells us that fitness differences between organisms will probably lead to differences in their reproductive successes. The Darwinian mechanism cannot guarantee the reproductive success of the fitter of two organisms, lineages, or populations. Therefore, it doesn’t guarantee the evolution of adaptation. If it did claim that fitness differences guaranteed reproductive success, Darwin’s theory would be false. Biologists are well aware of several quite rare circumstances under which, just through bad luck, the fittest among competing creatures do not survive at all, let alone have more offspring than the less fit ones. Most of these circumstances fall under the category of “drift.”
 It is the role of low probability events in evolution that makes it incompatible with Christian theism.
 One feature is arguably indispensable to the theism of all the Abrahamic religions—Judaism, Christianity, and Islam. They all say, “God created man in his own image. In God’s image he created him; male and female he created them” (Genesis 1:27). One thing they agree on is we exist and have our features, owing to God’s design, based on an idea—an image, a design—of what he wanted. How literally to take this claim remains a matter of debate among the various sects, creeds, churches, divinity schools, madrassas, and biblical exegetes of the Abrahamic religions. What theism can’t give up is the credo that he created us sapient creatures, and that he did so intentionally. Theism cannot accept the notion that we are a side effect, a by-product, an accident or coincidence, an unintended outcome.
 Now, the standard reconciliation of Darwinism and theism goes like this. Everything else extant in zoology and botany might well be such a by-product, a side effect, and an unintended, but foreseen outcome of God’s handiwork in creating us. Elephants and e. coli are by-products since they were produced, along with us, by natural selection, and natural selection was the instrument, the means, the technique God used to produce his one intended outcome—us. A more ecumenical view might have it that all God’s creatures, great and small, are equally intended outcomes, along with us, and all were produced by the device of blind variation and natural selection, just as the omniscient lord knew they and we would be so produced.
 The trouble with this reconciliation is that it does not take Darwin’s theory seriously. It just pretends to do so. Darwin’s theory tells us that we, and every other creature that roams the earth or the deep, are, at best, improbable outcomes of natural selection. It is, therefore, a highly unreliable means of making us or anything that looks like us. Indeed, it is an unreliable way of making intelligent life of any sort, or for that matter, making life of any sort. Any omnipotent deity or even a very powerful agency who decided to employ natural selection to produce us would be disappointed many more than 99 times out of 100 attempts.[1] An omnipotent agency that employed natural selection to make Homo sapiens would certainly not be an omniscient one. He would have had to be rather dim. Even weak-minded creatures such as us know that blind variation and environmental filtration is not a reliable way of making anything that you have a very definite design for already.
 Theism, or at any rate, a theism that makes the Abrahamic religions sensible is just not compatible with Darwin’s theory. You can’t believe both. But if you are a true believer in theism, you can come close to reconciling them, perhaps close enough to deceive yourself. The trick is to believe that God is powerful enough, smart enough, and present at enough places and times to guide the process of evolution so that it looks like random variation and natural selection to anyone not in on the secret. Suppose God employed a method to obtain us—Homo sapiens—that was so complex, so subtle, and so difficult to uncover, that the closest we could come to figuring it out was Darwin’s theory of blind variation and environmental filtration. You might even go further and suppose that the closest any finite intelligence could come to uncovering God’s method was Darwin’s theory. You might even suppose that God designed our cognitive capacities so that the only scientific theory of evolution we could ever conceive of would be Darwin’s. It would be, as Kant supposed of Newton’s theory, the only game in town, not because it is true, but because its falsity is unthinkable by us once we see the evidence for it.
 These suppositions would readily explain to a theist why so many smart scientists believe that Darwin’s theory is true. For that matter, it would also explain why the smartest among them are atheists as well, since they recognize that theism and Darwinism are incompatible. But this stratagem won’t reconcile theism and Darwinism.
 In fact, one clear implication of this stratagem is that Darwinism is false. Darwinian theory tells us that evolutionary outcomes are the result of probabilities—chance reproduction, chance variation, chance environmental events, operating on low population numbers. But the theist thinks that the process God chose was fiercely complicated and absolutely certain to have produced us. As such, the theist is committed to Darwin’s theory being wrong, false, mistaken, erroneous, incorrect. Darwinian theory is false, but just looks correct to smart people trying to figure out what caused adaptation. Saying it’s false is no way to reconcile the truth of a theory with theism. Of course, the ways of God may be so far beyond our ken, that the smartest and most knowledgeable of us mistakenly think adaptation is the result of natural selection. But that wouldn’t reconcile theism and Darwinism. At most, it shows how to be a theist and to treat Darwin’s theory as a useful fiction, one that gets the mechanism of evolution completely wrong.
 William Lane Craig’s Response
 It’s a challenge to know how to respond to Alex Rosenberg’s views. In the case of Professor Maudlin’s argument, there were enough relevant points to comment on that one could ignore the red herrings and still have plenty to talk about. But in Dr. Rosenberg’s case, the entire argument is off-topic. Had the Greer-Heard Forum this year been on the topic of God and evolutionary biology or the existence of God in light of Darwinian evolution, then Dr. Rosenberg’s arguments would make a relevant contribution to the discussion. But that’s not the topic. The topic is the existence of God in light of contemporary cosmology, and Dr. Rosenberg’s arguments have nothing to say about the subject of cosmology.
 So, do I just sit down now, or do I follow the hounds in pursuit of the red herring? Since our quarry is nowhere in sight, I think that I may as well join the hounds for a short distance.
 First, it’s evident that Rosenberg fails in his first stated objective, to prove that physics is sufficient for all appearances of design in nature. For he assumes that all appearances of design in nature are biological in nature. But that is to ignore the fine-tuning of the universe, which sets the table for biological evolution. In particular, his appeal to the second law of thermodynamics takes no cognizance of one of the most extraordinary instances of fine-tuning, namely, the initial low entropy condition of the universe.
 Second, he fails to establish his second stated objective, that natural selection is the only way consistent with physics from which the appearances of design can emerge. For he never proves that natural selection is sufficient for the appearances of biological design. Rosenberg’s entire paper reads like a Darwinian, or, better, naturalistic, confession of faith. Especially breathtaking is the following transition:
 
  Eventually there will start to be molecules that enhance each other’s stability and/or replication through their chemical relations to each other. There are no limits to the repetition of this process, making bigger and more complicated and more diverse molecules. If conditions are favorable, the result will be really big assemblies of stable and/or replicating molecules, for instance, RNA and eventually DNA sequences and strings of amino acids—i. e., genes and proteins.

  The rest is history, that is, natural history.


 I don’t think we would be uncharitable to ask for a little more detail here. I’ve read that the odds of getting even a single functioning protein molecule by chance is approx. 1:10164. That’s a trillion, trillion, trillion, trillion, trillion, trillion, trillion times smaller than the odds of finding a single specified particle among all the possible particles in the universe.[2] And that says nothing of the odds of evolving a single living cell, much less multicellular organisms.
 So, what is the evidence that natural selection operating on random variations accounts for observed biological complexity? I think it’s worth emphasizing just how extraordinary an extrapolation Darwinism involves. Many of us probably think that if random mutation and natural selection can explain, for example, the evolution of the horse, then that surely shows the power of the Darwinian mechanisms. In fact, evolution within a single kind such as this is trivial, compared to the vast range of life. You might think, well, if we could show that random mutation and natural selection could explain, say, how a bat and a whale evolved from a common ancestor, that would really show the power of these mechanisms! Sorry! Think again.
 Consider the following figure from Sean Carroll (a different Sean Carroll!).
 
  [image: ]
  Figure 1: The various phyla of multicellular animals.


 The figure shows the major groups or phyla of the animal kingdom. Notice that a bat and a whale are both mammals, which is just one of the subcategories under the chordates. Even the evolution of a bat and a whale from a common ancestor is an utter triviality, compared to the vast range of the animal kingdom.
 It would do nothing to explain, for example, how a bat and a sea urchin evolved from a common ancestor, not to speak of a bat and a sponge. Darwinism represents an extrapolation of gargantuan proportions. Indeed, it represents an enormous leap of faith in the efficacy of the Darwinian mechanisms.
 Now, if that extrapolation takes your breath away, take a look at this!
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  Figure 2: The three basic types of organisms branching off from the last universal common ancestor.


 The whole previous figure you just saw is contained on the little twig of the right-hand branch labeled “animals.” I love the modesty of that label, “animals.” The whole of the animal kingdom is contained in that little twig. And notice the twig to the right of it: “plants.” “Plants!” The whole of the plant kingdom is contained in that twig. And these are just two twigs on the branch of Eucaryotes. There are still the two other domains of the Bacteria and Archaea to be accounted for. The extrapolation of the Darwinian mechanisms from peppered moths and fruit flies and finch beaks to the production and evolution of every living thing is a breathtaking extrapolation of gargantuan, brobdingnagian proportions. We know that, in science, such extrapolations often fail. So, again, I think we are compelled to ask, what is the evidence for this extraordinary extrapolation?
 Unfortunately, Dr. Rosenberg does not answer that question. What he argues is that if naturalism is true, then Darwinism is the only game in town. I think a good many evolutionary biologists would be skeptical of Rosenberg’s claim. But if he’s right, then that, at best, only gives us good reason to think that naturalism is not true.
 Finally, Dr. Rosenberg argues that theism and Darwinism are incompatible. He argues,
 
  Darwin’s theory tells us that we, and every other creature that roams the earth or the deep, are at best improbable outcomes of natural selection. It is, therefore, a highly unreliable means of making us or anything that looks like us. . . . Any omnipotent deity or even a very powerful agency who decided to employ natural selection to produce us would be disappointed many more than 99 times out of 100 attempts. An omnipotent agency that employed natural selection to make Homo sapiens would certainly not be an omniscient one. He would have had to be rather dim.


 This argument is, I think, confused. Far from being the problem, God’s omniscience may be the best hope for saving Darwinism. For an omniscient God would know the true counterfactuals concerning evolutionary development such as, “If the laws of nature were applied to a certain set of initial conditions, then biologically complex life forms of such and such a kind would evolve.” God need not even intervene miraculously in order for the evolutionary process to have an intended goal.
 Of course, if God did intervene miraculously at certain critical junctures in the evolutionary process to bring about certain mutations, biologists would never know it. How do we know that God did not cause the critical mutations that facilitated the reptile-to-bird transition?
 Dr. Rosenberg replies that in such a case, Darwinism is just false. He says,
 
  Darwinian theory tells us that evolutionary outcomes are the result of probabilities—chance reproduction, chance variation, chance environmental events, operating on low population numbers. But the theist thinks that the process God chose was fiercely complicated and absolutely certain to have produced us.


 I think this claim is based on a common misunderstanding of evolutionary theory. When biologists say that the mutations responsible for evolutionary change occur randomly, they do not mean “by chance” or “purposelessly.” Rather, as Francisco Ayala explains, they mean “irrespective of their usefulness to the organism.”
 Now, this is hugely significant! The biologist is not making the presumptuous philosophical claim that biological mutations occur by chance, and hence, that the evolutionary process is undirected or purposeless. Rather, he means that mutations do not occur for the benefit of the host organism. If we take “random” to mean “irrespective of usefulness to the organism,” then randomness is not incompatible with divine direction or purpose.
 For example, suppose that God in His providence causes a mutation to occur in an organism, not for the benefit of the organism, but for some other reason (say, because it will produce easy prey for other organisms that He wants to flourish). In such a case, the mutation is both purposeful and random.
 And as for probabilities, Dr. Rosenberg seems to have forgotten that these are relative to background information. It is perfectly consistent to say that some mutation is improbable, relative to certain sets of physical data, but not improbable, when God’s action is taken into account. This is the case even on the purely physical level: when we say that some event is highly improbable, we do not mean that it “just happens” without causes relative to which its occurrence is highly probable.
 So, I’d say that the theist can be a Darwinist if he wants to. But I have yet to be convinced that the neo-Darwinian account of biological evolution really gives us the full story.
 Let the hounds run on! We’ve followed them long enough.
 Sean Carroll’s Response
 I think that Alex’s views provide a great opportunity for us to step back a little bit and draw some of the connections between cosmology, entropy, Darwinism, and the origin of life. It’s often said, and again not in this particular forum, but there is an argument against natural selection and Darwinian evolution that creationists sometimes bring up, which is clearly false, but it’s false in an interesting way. It goes, the second law of thermodynamics says that disorder increases in the universe. Things run down, and eventually, you will reach a heat death of the universe. So the argument says, “How in the world can a universe governed by the second law develop such wonderful, organized, complex structures like we see here in the biosphere on earth?”
 There is a simple, one-line refutation of that argument, which is that the second law says that entropy increases in closed systems, and the biosphere is not a closed system; therefore, the argument simply does not apply. There is no law of physics that says the entropy of our biosphere has to go up. And that’s true, but it still leaves unanswered the question of, “Okay, but why did all of this complexity, and order, and interestingness arise? Even if it’s compatible with the second law, the second law doesn’t say that it has to become more complex over time.” That’s a very interesting process that’s not been completely understood. It’s very understandable—I think that it’s an open area of science that we’re having a lot of fun with right now, so it’s fun to think about exactly what’s going on.
 Our earth is very far from thermal equilibrium. Thermal equilibrium is the state you would be in when you max out your entropy—everything is as dull as possible. The air in this room is pretty close to thermal equilibrium; it’s all uniform, and nothing is happening. The earth is very far from that, and the reason why it is so is because the Sun is a hot spot in a cold sky. If you ask people sometimes why the Sun is important for biology, for life on earth, they might tell you, “Well, the radiation—the rays from the Sun—gives us energy.” That’s actually not the true reason.
 If the whole sky were the temperature of the Sun, we would be getting a lot more energy than we do now; however, what would happen is that the earth would attain the temperature of the Sun and life would cease. If the whole sky were dark, we would get no energy, the whole earth would attain the temperature of the night sky, and life would cease. The only reason we have life is because we get some photons from the Sun, but particularly, in a low-entropy form. We then radiate out that energy right back into the universe. Overall, the earth does not gain energy from the universe. Recently, it has been gaining energy because of global worming, but that’s minor, a little effect, and you’ll be debating that next year. Usually, the amount of the energy we give back to the universe is the same amount we get from the Sun, but for every one photon—for every one particle of light we get from the Sun—we radiate twenty photons back into the universe, so we have increased the entropy of that sunlight by a factor of twenty.
 The earth is not only compatible with the second law of thermodynamics, it is an engine for increasing entropy, and that’s related to the origin of complexity. Complexity and entropy are very different things. If you think of stirring milk into a cup of coffee, before you stir the milk, the entropy is low. You have milk and you have coffee. After you stir it, the entropy is high. They’re all mixed up together. But before you stir the milk, it’s a simple system: milk, coffee. After you stir the milk, it’s also a simple system. Everything is mixed up together. It’s only in between, when you start mixing the milk into the coffee and the tendrils of milk begin to swirl in complicated ways, that you have a high degree of complexity.
 The universe is the same way. The early universe had very low entropy, and the late universe will be very high entropy. But the early universe was a very simple place, and the late universe will also be a very simple place. It’s the middle phase of the history of the universe that is complex. The point is not that complexity requires low entropy. Complexity requires entropy to be increasing. The maintenance of complexity, as in a living being, requires that you are very far from equilibrium, living in an environment where entropy is going up to beat the band.
 So, not only is the existence and evolution of life on earth compatible with the second law of thermodynamics, but in some very real sense, it is a spin-off; it is a consequence of the second law of thermodynamics. And the second law, in turn, happens because the early universe has a low entropy, which is a fundamentally cosmological fact. In that sense, life on earth is able to exist because of the cosmological features of our universe 14 billion years ago.
 Alex Rosenberg’s Response
 I’m not exactly sure why, in a colloquium among philosophers and physicists, some subjects should be ruled out just because they weren’t labeled in the title that brought us together. I was invited to offer my perspective on an issue of importance between science and theism, and I have done so. I hope it was of interest, and I hope perhaps it was edifying. I am not going to be too worried whether or not it was on the topic that Bill was prepared to argue here.
 I want to make only two relatively brief points. Of course, Darwin used the word random, and by that he meant, “blind.” That is to say that variations are random in the sense that they are not correlated with, they are not brought about or caused by, the needs that they meet, the benefits they may confer, or the advantages that they may provide the organisms that they find themselves in. And that’s a reason why it’s far better to substitute the word “blind variation” for “random variation” in understanding the process that Darwin identified.
 Similarly, Darwin used the word natural selection, and that’s an unfortunate term, too, because it keeps us thinking about an intentional process, an active process, that nature uses in order to cull among variants, those who are worse and dispose of them, allowing the better ones to proceed. Far better to think about that part of the process as environmental filtration, a passive process, a process that acts like a sieve, preventing some things from passing through, allowing everything that is below a minimum size, to pursue this metaphor a little further, to pass through. And the essence of Darwin’s discovery is that adaptations, things that look like they are the result of design, in fact, are the result of a purely causal process that involves no design at all, no selection at all, no foresight at all, but are merely the result of blind variations and passive environmental filtration.
 If you are going to demand of yourself that you give a causal account of the nature of adaptations that honors the principles that I have identified in physics, you have no alternative but to give Darwin’s account. And, it’s only been one hundred years—one hundred fifty years now—since Darwin’s account began to have wide circulation, and, as I said, biology is much harder than quantum mechanics.
 Why is it harder than quantum mechanics? Because, for one thing, it involves the operation of quantum principles, the operation of classical physical principles, the operation of chemical thermodynamic laws, on conjuries of initial conditions so complicated, so fine, so different across various environments that we now know relatively less about life on our planet than we know about the cosmology of the universe.
 The standard model enables us to make predictions to twelve decimal places. Richard Feynman once said that it’s like predicting the distance from Los Angeles to New York to within one hair’s breadth. We’re not in that position in biology. We’re lucky that we have that wonderful graph that Bill showed us of the three-fold phylogenetic kingdom of the archaea, the eukaryotes, and the prokaryotes. But if we are going to be serious about applying what we know from physics and chemistry to explain the nature of living processes, we are not going to have any alternative, but to seek instances of this mechanism of blind variation and natural selection.
 Now, let me get on to one other point. Bill began by saying that the one obvious piece of the story of how adaptations emerged that I neglected was the fine-tuning of this universe. I am in agreement with Sean and with other physicists that fine-tuning is immaterial to our characteristics. Bill introduced the concept of the red herring and I’ll use it here, too. But even if the universe were fine-tuned for us, think about the additional interventions that God would have had to have introduced in order to get from the fine-tuning to us. The fine-tuning of the universe, the particular combination of the constants that are so identified, according to the best of our science, need not have led to us. It most probably wouldn’t have led to us.
 

  
    	Here is a possible line of argument for how an omnipotent, omniscient being can create a world in which objective probabilities operate to produce us. Such a being can create indefinitely many such worlds, and thereby, create enough so that in at least one of these worlds, humans emerge as a matter of objective chance. But the theist will have to ask him or herself several questions about such a scenario. First, why would an omnipotent, omniscient God use such a method to create humans? There is much to be said against such a method, especially if indefinitely many of these worlds contain sapient creatures who will suffer harms and make the problem of evil even more serious than it is. Second, given that the omnipotent, omniscient being can produce a world with humans in it by non-chancy means, why would he opt for a method that is chancy and requires producing indefinitely many objectively chancy worlds. Surely, the answer that God choose this method simply because he wanted to make Darwin’s theory true is not one to be taken seriously. There are doubtless other theological objections to this approach, which I must leave to theologians. ↵


    	S. Meyer, Signature in the Cell (San Francisco: Harper Collins, 2009), p. 212. ↵
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Cosmology and Cosmologists with the “Does God Exist” Problem

A Consideration of Kalam’s Second Premise
James D. Sinclair
I am a modeler by trade, employed by the United States Navy. My field is Artificial Intelligence, and the creation, maintenance, and analysis of results from sophisticated models of air combat. I work with teams of subject matter experts (hereafter, SMEs), each an individual expert in their field, much as Dr. Carroll is an SME in cosmology. So, I do not stand in relation to our area of interest in the same way that Sean Carroll does. I stand in relation to this problem in my accustomed role as a knowledge integrator.
 The “model builder,” or knowledge integrator has to know the inherent limitations that come from the answers provided by the SMEs. To answer a question requires a context, a world of its own that intersects with the real one, but only imperfectly. Our models may reach for a conclusion that is a mere artifact or limitation of the toolset. Or, the conclusion may be sound. The problem of the artifact applies to cosmology specifically in the role of the prediction of a singular beginning to the universe from Einstein’s relativity
 I’m going to focus on one narrow topic: the second premise of the Kalām argument. Does the universe begin-to-exist? As you learned in the Carroll–Craig debate, the premise has two components:
 
  a) Does the universe have a beginning?
 b) What is the nature of time?


 The first of these two questions will be at issue for this chapter. The second is significant enough that it should be the topic of a second debate between Carroll and Craig.
 Now, models may intentionally avoid having internal entities that correspond to structures within the real world. There may not even be an internal structure. Models of this type are called “instrumental.” For example, suppose in my field, I wish to build a model that determines if a missile impact destroys an aircraft. Such a model may be a sophisticated physical model of the missile fuzing and impacting an aircraft with lethal projectiles. A vulnerability model is built for the aircraft that specifies the location of critical systems. Against this is applied the physical prediction of the impact pattern of the warhead fragments. From this comes a prediction of the probability of lethal damage.
 On the contrary, I could just take some dice and roll them. Certain numbers represent a kill; others, survival. This second model is purely instrumental. Not only does it not purport to have internal entities that are representative of reality, it has no internal entities at all. The first model, though, is an attempt at a realist model. In between, one may have “effects” level models that don’t strive to model all physical processes explicitly. Model toolsets are elastic, have high and low fidelity parts, and can be “telescoped” to focus just on the particular question one has in mind. We must interpret every result for its true significance (or lack thereof) in this light.
 In the world of cosmology, there are many toolsets. Let me suggest three categories. There are Einstein’s equations within the General Theory of Relativity (GTR). There is a set of more speculative and competing toolsets within the rubric of Quantum Gravity (QG). And there is something that I’ll call GTR+, which are Einstein’s equations with corrections informed by considerations from QG.
 GTR and the Singularity Theorems
 This section will deal with global temporal boundaries within General Relativity and why they matter as well as the increasingly constricted boundaries of a beginningless cosmos.
 Over the course of the last ten years, I’ve approached many cosmologists (via email) for the purpose of interviewing them on the models they’ve built. Most will indeed talk with you, which is remarkable, considering how busy they must be and the fact that the only thing in it for them is the joy of teaching. When we approach our SME, and ask her to school us on cosmology, she may first speak to us about GTR. Imagine GTR like a set of Legos. The possibilities for building worlds are endless, but there are some rules. There can be time machines in GTR, universes that lack a global definition of time, and universes that expand in one direction while simultaneously contracting in another. Our SMEs usually restrict themselves to something called Friedmann-LeMaître-Robertson-Walker (FLRW) space-times because such space-times closely match our empirical observations of the universe we actually live in. Such space-times are nearly homogeneous, isotropic, have a global definition of time, and aren’t time machines.
 One of the interesting things about GTR is that there are some natural stopping points for the worlds one creates. Within GTR is the concept of worldline. A worldline, also called a geodesic, is the path through which an observer, such as yourself, passes through space and time. Even if just sitting in a chair, one is still tracing out such a path. Normally, these worldlines are said to apply to freely falling particles under the influence of gravity. When cosmologists speak at the public level, they might talk of an astronaut in a spaceship with the engine turned off. Imagine a universe filled with astronauts. We should like to know their past and future. In GTR, these paths may trace to past or future infinity. Or. they may wrap around in such a way that a time machine is created. Or, the past or future may be truncated. It is this last possibility in which we are interested. A worldline that stops short of infinity is an indicator of a pathological condition within a GTR space-time.
 These “singular” pathologies can exist in the past or the future. They may be local anomalies, such as a black hole, or a global temporal feature that signifies a “Big Bang” origin or “Big Crunch” future fate. It is the curiosity of an observer literally “ending existence” when one reaches the end of a worldline, or “beginning to exist” as a worldline’s origin that initially interests us. Our toolset also allows us to freely reverse the arrow of time. From the 1960s to the present, GTR theorists have been probing these space-time pathologies with the use of mathematics. Does the universe, for example, have a beginning?
 The 2003 Theorem of Borde, Guth, and Vilenkin (B-G-V)
 Many theorems have been developed that have increasingly constrained the possibility of a beginningless GTR model. Theorists considered the issue of energy conditions within these singularity/incompleteness theorems and this led to a further development among Alexander Vilenkin and Arvind Borde (who fathered many theorems in the 1990s), along with one of the fathers of the inflationary theory, Alan Guth. They derived a novel result that suggests the past of an expanding universe likely has a global temporal boundary.[1] What they did was start with the fact that observers sprinkled throughout an expanding universe are always flying further and further apart. Now, take a light beam and consider its future as it is observed by subsequent observers. The fact of the expansion has the effect of the observers seeing the light “red-shifted” at later and later times. B-G-V considered what would happen if you looked to the past and what spectators in the early universe would see. They were able to show that the worldline of light was inextendible to an infinite past because the light would then be “blue-shifted” to a degree that violated the conditions of relativity. Similarly, they considered what would happen if these same set of observers saw a drifting spaceship. Later and later in the history of the universe, the observers would observe the relative speed of the drifting ship at smaller and smaller velocity. But as one looked to the past, the spaceship would appear to be faster and faster to these earlier and earlier observers until the novel effects of approaching the speed of light were encountered. B-G-V took this to mean that there was a past boundary to an expanding cosmos. A conservative way of stating this would be to say that there is either a beginning, or some completely different type of physics must take over. There is a suggestion in their original paper that there is a quantum-based beginning of the nature of Vilenkin’s own “tunneling from nothing” proposal from 1982.
 Now, I want to take a step back for a moment and talk about a problem called “rhetorical gloss” in public speaking. Consider philosopher Paul Valery, who suggested that “The simple is wrong, but the complex cannot be understood.” There is a temptation, especially in public speaking, to guard against the latter threat, and thus, risk the opposite horn of the dilemma. Oversimplification can also come in by not explicitly speaking to all caveats and underlying assumptions. Thus, the speaker oversimplifies, and the later critic of the speaker errs by claiming the speaker was unaware of this or that caveat. I don’t know how to solve this problem. But I do know discussions of the B-G-V theorem are particularly vulnerable. B-G-V is an important result. But it’s not a silver bullet or a sound-bite. Understanding its significance requires a context. In fact, the whole subsequent discussion of B-G-Vs “new physics at the boundary” leads to a whole different layer of complexity.
 Diachronic Emergence, GTR+, and Treatment of Time
 in Quantum Gravity
 Our SMEs tell us that the past temporal boundary predicted by many GTR models could be representative of the breakdown of the toolset. As such, one wonders whether the prediction is just an artifact, or is still a pointer toward a genuine beginning for the universe. A good article to read about this type of problem in physics was penned by Isaac Azimov some years ago and is entitled The Relativity of Wrong[2] Azimov warns against the fallacy of rejecting a model result merely because one may expect that eventually, a model paradigm will be replaced by a different one. Azimov tells us that paradigms do get replaced, but the replacement is usually just an incremental improvement in accuracy over the older one, even if the nature of the physics is completely different. Thus, while Newton gave way to Einstein, and Einstein will give way to Quantum Gravity, it’s a terrible error to throw away Newton and claim that he was just “wrong.” Newton was not far wrong, Einstein was “less wrong” than Newton, and Quantum Gravity is promised to be “less wrong” than Einstein. If wrong is just wrong, then we should not even trust Quantum Gravity or anything one might come up with. Can we learn nothing about the cosmos? There is clearly something wrong with throwing away the predictions of a theory just because another paradigm is on its way.
 What we wonder, then, is whether the Big Bang singularity is just an artifact of GTR, or whether it is a true indicator of a beginning that will be better described in Quantum Gravity. Just because Einstein will be “overcome” does not mean he should be “thrown away.”
 Now, our SMEs tell us the concept of time is well-known to be problematic within Quantum Gravity. Some theorists even believe that time does not really exist. We’ll have to confront this problem in two stages. Staying relentlessly within the rubric of our cosmological argument (kalām), for now, we will assume that time (and temporal becoming) do exist at the fundamental level. The philosophy of time problem deserves its own separate treatment.
 Space permitting, we’ll examine some of the approaches being taken when talking of time within quantum gravity.
 
  1) A generic “Quantum Foam”
 2) Euclidean Geometry (“imaginary” time)
 3) Use of a physical degree of freedom to play the role of time


 Quantum Foam
 So. what happens “at the singularity?” Here are two popular level descriptions, one strictly from GTR, and the other taking a step forward into the realm of quantum gravity. Yes, they are popular accounts, but they will help us think. Now, one must be careful of the aforementioned problem of “rhetorical gloss” in considering a popular account. Some things may not be meant literally. But while talking for the public’s sake, the theorist is forced to think in the terms of literal cosmic evolution. There literally is matter in motion. The universe is a thing that endures and undergoes real, literal change.
 In both of these accounts, the author is speaking of an astronaut falling into a black hole. What happens to the astronaut? We shall start with these descriptions, and then, extend them into a discussion of a past temporal singularity.
 In GTR world, Robert Geroch tells us:
 
  Recall there is no event available to [an astronaut] on the singularity itself. In particular, there is no possibility for a further extension of [the astronaut’s] world-line after [he] hits the singularity. What, then, does “the world-line of [an astronaut] hits the singularity” mean physically? Mathematically, what happens is that this world-line just stops. Physically, this would mean that [the astronaut] is “snuffed out of existence”; after some finite time according to himself, he ceases to exist in space-time.[3]


 In an evolutionary view of reality, where matter really is in motion, an astronaut would literally cease to exist. Remarkably, there is not even a final moment of existence. The singularity is a boundary to space-time, but is not within space-time.
 Now, let’s take this one step further. Here is a description I find illuminating of the approach to a “quantum foam.” The description (from 1993, but still relevant) again relates to an astronaut falling into a black hole. Physicist Kip Thorne tells us:
 
  Einstein’s equation predicts that, as the astronaut reaches the singularity, the tidal forces grow infinitely strong, and their chaotic oscillations become infinitely rapid. The astronaut dies and the atoms from which his body is made become infinitely and chaotically distorted and mixed—and then, at the moment when everything becomes infinite (the tidal strengths, the oscillation frequencies, the distortions, and the mixing), space-time ceases to exist.

  The astronaut is already dead, his body parts are already thoroughly mixed, and the atoms of which he was made are already distorted beyond recognition when quantum gravity takes over. But nothing is infinite. The “game” goes on.

  Just when does quantum gravity take over, and what does it do? As best we understand it in 1993 (and our understanding is rather poor), quantum gravity takes over when the oscillating tidal gravity (space-time curvature) becomes so large that it completely deforms all objects in about 10-43 second or less. Quantum gravity then radically changes the character of spacetime. It unglues space and time from each other, and then destroys time as a concept and destroys the definiteness of space. Time ceases to exist; no longer can we say that “this thing happens before that one,” because without time, there is no concept of “before” or “after”. Space, the sole remaining remnant of what was once a unified spacetime, becomes a random, probabilistic froth, like soapsuds. . . .

  This random, probabilistic froth is the thing of which the singularity is made, and the froth is governed by the laws of quantum gravity. . . To recapitulate, at the center of a black hole, in the spacetime region where the oscillating BKL tidal forces reach their peak, there resides a singularity: a region where time no longer exists, and space has given way to quantum foam.[4]


 Thorne gives us a lot of rich detail that supplements Geroch’s GTR account. What is of interest to us is this prediction of the destruction of time and indeterminacy of space. In order to bound our problem, we’re going to imagine this is literally true. We’re going to put a stake in the ground to help us think.
 Let’s turn the clock around and imagine emerging from the “singularity.” In GTR-world, we can tell from Geroch that there is actually no first moment. Yet, one nonetheless “begins-to-exist.” That’s bizarre, but that’s the physics.
 Looking at the problem from Thorne’s quantum point of view, there would literally be no time associated with a quantum foam. In the foam, time is destroyed and space is indeterminate. So, what could it mean to say that a quantum foam precedes the process of “beginning-to-exist?”
 Let’s think now about the whole universe and a possible quantum gravity temporal origin. One of the right questions to raise relates to Thorne’s correct observation that “without time, there is no concept of ‘before’ or ‘after.’” Many quantum gravity approaches suggest that the space-time background ceases to exist at the fundamental level.[5]
 But if the quantum gravity era has no time, then it is impossible for it to be a primordial era, earlier than the “classical” universe.[6] This is the logic problem of diachronic emergence. What might this mean? The implication is that “quantum foam” serves as a past boundary to the universe, but is not actually a state of the universe. In this manner, it functions similar to a singularity in GTR. One might expect that the best physical model would be what I have described as GTR+; there are quantum-gravity inspired corrections to Einstein’s equations. There may be an era earlier than GTR itself may predict. But there seems to be a beginning, just the same. Much contemporary development in cosmological models takes place under this paradigm.
 But if one doesn’t allow that space-time is destroyed in a quantum gravity approach, then something like B-G-V probably could still apply. Alexander Vilenkin tells us about these GTR+ models:
 
  The question of whether or not the universe had a beginning assumes a classical spacetime, in which the notions of time and causality can be defined. On very small time and length scales, quantum fluctuations in the structure of spacetime could be so large that these classical concepts become totally inapplicable. Then we do not really have a language to describe what is happening, because all our physics concepts are deeply rooted in the concepts of space and time. This is what I mean when I say that we do not even know what the right questions are.

  But if the fluctuations are not so wild as to invalidate classical spacetime, the BGV theorem is immune to any possible modifications of Einstein’s equations which may be caused by quantum effects.[7]


 So if space-time is “destroyed” by QG, there is a beginning. But if space-time isn’t destroyed, there may yet be a beginning if an incompleteness theorem such as B-G-V still points to a temporal boundary.
 Imaginary Time
 This problem took a serious turn into the philosophical realm in 1993, when philosopher Quentin Smith observed a related problem with a prominent attempt at quantum gravity: the Hartle-Hawking no-boundary model. In this model, Hawking & Hartle appear to suggest there is a primordial era for the universe, which features “imaginary time.” In this “era,” time acts exactly like a spatial dimension. It is supposed that there eventually is a “classical” era with ordinary (Lorentzian) time. The actual mathematics, however, includes a mathematical technique called the Feynman “sum-over-histories.” In quantum terms, there is a superposed wave function that generates a probability of the ultimate emergent universe being of a particular form. This model (and a related one from Alexander Vilenkin, called the “tunneling from nothing” model) is also sometimes presented as a topological transformation from “nothing” (a dimensionless point) to a 4D space-time.
 But is imaginary time a primordial era? Smith takes Hawking to task as follows:
 
  Clearly Hawking is offering a physical interpretation of four-dimensional space, i. e., Euclidean spacetime. But such an interpretation is implicitly logically self-contradictory. The problem appears in the statement that the four-dimensional space joins on to the real (Lorentzian) spacetime “once” (i. e., after) the quantum smearing effects subside: “The question then arises as to the geometry of the four-dimensional space which has to somehow smoothly join onto the more familiar spacetime once the quantum smearing effects subside”. If the four dimensional space does not possess a real time value, how can it stand in relation to the four-dimensional spacetime of being earlier than it? If the four-dimensional space is not in real (Lorentzian) time, then it is not really earlier than, later than, or simultaneous with the four-dimensional spacetime manifold. Accordingly, it is false that the 4-sphere joins on to the familiar spacetime once (i. e., after in real time) the quantum effects dissipate. Nor can this “once” refer to imaginary time, which would imply that the real spacetime is later in imaginary time than the 4-spere, which it is not. There is no imaginary time in real spacetime and real spacetime is not located in imaginary time. (To be so, its temporal dimension would have to be a fourth spatial dimension, which it is not) Indeed, “later” is not an appropriate expression to use of imaginary time, since the earlier-later direction is a feature only of real time. (Imaginary time is instead like a spatial dimension, in which there is no direction.) It is false, then, that “in the very early universe” there is a quantum phase in which the universe is a 4-sphere. “The very early universe” can refer only to the very earliest times, i. e., the lowest values of the real time coordinate.[8]


 Is Hawking’s use of the term “once” just rhetorical gloss? In 1996, philosophers Reed Guy and Robert Deltete formally followed up on Smith’s suggestion and reached a similar conclusion regarding both Hawking & Hartle’s “no boundary” quantum origin model and Alexander Vilenkin’s “tunneling from nothing” model. They analyzed the apparent temporal claims made in the H-H model in premise form and found the premises not compatible. Guy & Deltete’s conclusion was that “emerging from imaginary time is incoherent.”[9]
 In 1999, Jeremy Butterfield & Christopher Isham clarified the issue for many by establishing emergence in a synchronic, rather than diachronic, sense. They end up agreeing with Smith, Guy & Deltete, yet take them all to task as follows:
 
  A considerable philosophical, as well as popular scientific, literature about the emergence of time has grown up around this [Hawking & Hartle’s] proposal. But we believe that much of that literature is marred by not taking sufficient cognizance of the problem of time, which besets the Euclidean program as much as quantum geometrodynamics. In a nutshell: by ignoring the problem of time, much of the literature makes it look as if the no-boundary proposal treats the emergence of time as a process in time, i. e., according to the temporal sense of “emergence” noted above. And then, unsurprisingly, the no-boundary proposal seems to face conundrums or even contradictions. But these are an artefact of ignoring the problem of time. In other words: we agree that the no-boundary proposal is very problematic: but this is because it must confront the problem of time (to whose solution it makes no contribution), not because of such conundrums.[10]


 Butterfield & Isham argue that the typical diagram used to describe the H-H universe, where the bottom of a cone is rounded off, showing an apparent join between and imaginary time era and a classical time era, is misleading. This, even though Hawking uses the diagram himself! Yet, Butterfield & Isham seem correct. There doesn’t seem to be a temporal relation between the H-H imaginary time mathematical structure, and the “classical” Lorentzian universe when you evaluate Euclidean models in detail. They say:
 
  But this “emergence” is not a process in time: Hartle and Hawking’s proposed “framework,” and others such as Vilenkin’s, stands in no temporal relation to classical spacetime, or any of its parts (regions or points), even very early ones. This point is worth stressing, since three separate factors tend to obscure it. First, the word “emergence” suggests a process in time; in which case the framework (or perhaps better: its parts) would presumably be earlier than classical spacetime (or its parts). Second, the fact that quantum cosmology focuses on the early universe makes it very tempting to think of its proposals as concerning what temporally precedes the epoch which our present theories successfully describe. Third, many popular expositions of some of the specific proposals, including the Hartle-Hawking proposal, suggest the same (wrong!) idea. Thus one often sees a picture in which a cone-like spacetime structure (representing a cosmological solution of classical general relativity) is attached to a spherical shape that represents a Euclidean 4-manifold. This erroneously suggests that the bottom sphere is straightforwardly earlier than the classical cosmology represented by the open cone in the top half of the figure.

  But the 4-manifold is not earlier: there is no temporal relation between the two halves represented in the figure (or their parts)! . . . In effect, they fall into two groups: the first group specifically concerns the no-boundary proposal; the second group returns us to the interpretative difficulties in common between the Euclidean program and . . . quantum geometrodynamics . . .—in particular, the cluster of problems called “the problem of time.” So first, recall that the no boundary proposal involves a sum over different manifolds M. So there is in any case no single bottom half-sphere, as the figure suggests—just as there is no single trajectory followed in a functional integral approach to elementary wave mechanics.

  Second, the fact that a quantum tunneling amplitude can be given to a good approximation by e−I/h where I is the value of the action of a solution of the classical dynamical equations with an imaginary time, does not mean that this solution has any ontological status in the quantum theory. The analogue of this point in the Hartle-Hawking proposal is, of course, the facts that the proposed 4-manifold has a Euclidean, not Lorentzian metric—and that in general relativity, a Euclidean spacetime has no more physical meaning than does an imaginary-time trajectory in normal physics. In fact, the interpretative difficulties become, if anything, even more obscure if we use (as we must) a complex metric.[11]


 Butterfield & Isham’s remarks seem to lead one toward embrace of an instrumental interpretation of the Euclidean “imaginary time” geometry. By this means one avoids the difficulties advanced by Smith, Guy, and Deltete. Or, perhaps, one could embrace a realist interpretation of the topological transformation picture (“nothing” transitions to a 3D space+1D time) as I am tempted to do. In such a view, physics and mathematics have difficulty modeling the concept of “creation ex nihilo.” So, when the universe emerges from “nothing,” “nothing” is actually modeled as a transition from “something” to “something.” A dimensionless point plays the role of “nothing.” I believe this is merely an interpretive difficulty that could point to an actual ex-nihilo origin for a universe.
 Treating the non-classical physics instrumentally, or embracing the topological transition picture, still seems to bring us back to where we were with the “quantum foam” picture. The earliest era of the universe treated in a realist ontology is something like a GTR+ space-time. We still have a beginning.
 Use of a Separate Degree of Freedom to Play the Role of Time
 Some years ago, I queried cosmologist Martin Bojowald on this issue, an expert and proponent of loop quantum gravity. He indicated the following:
 
  It seems to me that the conclusions you sketch are based on a severe truncation of the cosmological model, as it is commonly used in quantum cosmology. One analyzes the simplest case where it is essentially only the spatial volume which is left as the lone degree of freedom. This is what Hartle-Hawking and Vilenkin did, and also what is referred to in the article.

  I suspect that this truncation is the reason for the conclusions of timelessness. In general relativistic systems one cannot formulate evolution with respect to an absolute time, but one can do so relationally. This requires the presence of suitable degrees of freedom (such as matter fields) which allow one to map different points in space-time to different values of the degree of freedom. In this case, the matter field can serve as a measure for time, which is pretty much what we actually do when we measure time with a clock or by looking at the planets or stars. Many quantum cosmological considerations, however, are based on truncations where such degrees of freedom are simply removed by hand. This simplifies some technical calculations, but makes the interpretation of results more complicated.

  Matter fields in a bounce phase can certainly show a strong quantum behavior, in which case also the notion of time they provide may differ strongly from what we usually think of as time. But I do not think that this justifies the statement of timelessness. One can still decide what happened before and what happens after the bounce because there are some degrees of freedom which differ on both sides. And if gravity is quantized correctly, there is still a sense of causality.[12]


 Bojowald suggests that the Hawking-Hartle and Vilenkin methods are primitive, and the approximations used in building them may indicate that the truncation of time indicating a beginning may indeed be an artifact of failure to consider a more realistic condition with more physical degrees of freedom. In the specific case of Loop quantum gravity, the method “resolves” the GTR singularity by discretizing space in a complicated way and its mathematical forms are difference equations. Many LQG attempts at cosmological models suggest a “before the Big Bang” era. Studies usually pick something such as a scalar field to play the role of time, and map the volume of the universe on either side of the “Big Bounce.” This use of a physical degree of freedom to play the role of time in the theory is generic to many proposed quantum gravity toolsets. This can lead, though, to interpretive difficulties of its own.
 For example, Martin Bojowald has recently argued that the bounce events of a cyclic model could represent a scenario similar to the arrow-of-time reversal models. He suggests that measurements of a state of the universe “after” a bounce might be unusable to derive knowledge of the state of the universe “before” the bounce. Information is lost through the bounce. Thus, the model contains “cosmic forgetfulness” as a salient feature. Similarly, an observer just “before” a bounce would find that attempts at predicting the post-bounce future suffer from cosmic forgetfulness as well. Bojowald interprets the situation as follows:
 
  The kind of cosmic forgetfulness realized in this model provides an orientation of time, telling us not only which of the properties before the big bang can be forgotten, but also what direction “before the big bang” is. An observer after the bounce would be unable to reconstruct the full state before the bounce, but could easily predict the future development toward larger volume. This arrow agrees with the standard notion. Now asking how an observer before the big bang would experience the same situation, the answer is also clear: such an observer would be unable to determine the precise state at larger values of ϕ beyond the bounce, but could easily extrapolate the state to smaller values of ϕ. The state at smaller values of ϕ can be predicted, while the state at large values of ϕ is forgotten once the bounce is penetrated. Since one cannot forget the future, such an observer must be attributed a reversed arrow of time, pointing toward smaller ϕ. At the bounce, two arrows would emerge pointing in opposite directions as far as ϕ is concerned. In this sense, the model resembles [Carroll-Chen, Aguirre-Gratton and similar suggestions from other modeling teams using different methods].[13]


 Being careful to remember that authors sometimes employ rhetorical gloss, we see that Bojowald continues thus:
 
  Taking the simplest models of loop quantum cosmology at face value is often seen as suggesting the big bang transition to be viewed as a smooth bounce, as one further element not just in a long history of the universe itself but also in a long history of bouncing cosmological models. Some indications, however, suggest otherwise. The bloomy scenario of loop quantum cosmology may well be this: a universe whose time-reversed pre-history we cannot access but which we grasp in the form of initial conditions it provides for our accessible part; a pseudo-beginning; an orphan universe, shown the rear-end by whatever preceded (and possibly created) it.[14]


 Would a quantum gravity resolution of the GTR singularity produce past eternality? Bojowald suggests it might produce a reversed arrow of time on the other side of the boundary. But, as the moments on one side of the boundary are in no sense earlier than the moments on the other side, there would be no infinite past (in a view of time that includes temporal becoming).
 In fact, Heinz Dieter Zeh objects to the interpretation of the loop quantum gravity models as having a unidirectional arrow of time:
 
  According to arguments used in loop quantum cosmology, the Wheeler–DeWitt equation (in this theory replaced by a difference equation with respect to a) can be continued through a = 0 to negative values of a. The configuration space of three-geometries is in this way duplicated by letting the volume measure assume negative values (turning space “inside out” while going through a = 0). Since the Hamiltonian does not depend on the newly invented sign of a, however, the Wheeler–DeWitt wave function must be expected to be symmetric under this parity transformation, too, in the absence of any artificial boundary condition. Its continuation would then have to be interpreted as an enlarged superposition of components that are all individually experienced as expanding universes. Since their WKB times, which represent classical times, can not be continued through a = 0, where the WKB approximation breaks down, the interpretation of negative values of a as representing pre-big-bang times is highly questionable. The fundamental arrow, including its consequence of decoherence with respect to a even outside the validity of a WKB approximation, must depend on some low entropy (no entanglement) “initial” condition in this time-like variable for all other (“spacelike”) degrees of freedom that occur as physical arguments of the Wheeler–DeWitt wave function. It would be hard to understand how the low entropy state at a = 0 could have been “preceded” by an even lower entropy at a < 0 in order to avoid a reversal of the thermodynamical arrow in the classical picture of an oscillating universe.[15]


 Suppose, though, that the arrow of time is unidirectional; what does the pre-Big Bang universe look like? If the universe away from the bounce is “classical,” one wonders whether the temporal coordinate in and near the bounce region is commensurable with the temporal coordinate in the “classical” regions said to be before and after the bounce. Why should one assume that? If there is a time, but it is incommensurable, then one still doesn’t have a primordial era. Why do we believe that if we pick some extra degree of freedom and assign it the role of time near and at the “bounce,” that this “‘clock” actually does tick off time on the same commensurable timeline as Lorentzian metric time in the classical eras? If the eras have incommensurable timelines, then what we appear to have is a causally disconnected multiverse rather than a cyclic model.
 Recently, Bojowald (as part of a team) highlighted a related problem:
 
  . . . the problem of time remains unsolved, affecting the right choice of dynamics. The problem is usually evaded (but not solved) by using specific choices of global internal times which tend to be unrealistic near the big bang, such as a free massless scalar or dust. As part of the problem of time, it is not known how to transform quantum wave functions or entire Hilbert spaces between different internal times, and therefore results found with one choice of global internal time do not necessarily hold for other choices. But if they depend on what time is used, they cannot be considered physical.[16]


 Different choices of the degree of freedom that represents the temporal dimension can yield different physical predictions for the universe. This seems especially problematic. What are the “real” physics? The problem seems to be generic in nature; i. e., not native to the specific paradigm of LQG. Perhaps the problem can be solved, as Bojowald et al. believe. But this method of bringing time to “full” quantum gravity states still seems problematic.
 We should like to believe that time is grounded by some underlying reality, perhaps metaphysical, that is independent of physical measures such as clocks or arbitrary choices of physical degrees of freedom to “be” time. The origin of clocks could be representative of the origin of the physical (which is not necessarily the same thing as the origin of time).
 If I need have no prejudice against beginnings nor see a necessity to have a full quantum gravity primordial era, where am I led? I am again attracted by the idea that GTR+ models can capture the “origin of clocks,” and thus, capture the “origin of the physical” sufficiently for our purposes.
 Summary
 What do we make of this? I think we’re led in two radically different directions. If I embrace time as fundamental, I seem led to something such as a GTR+ model (QG inspired corrections to GTR, within a GTR framework). The very problems we see with having a temporal dimension in QG physics are indicators toward a conclusion of a beginning to the physical (and perhaps time itself). Perhaps this comes in concert with a “tunneling-from-nothing” result, which one interprets as a genuine “creation-ex-nihilo.” Or I’m going to believe in quasi-classical trajectories (with QG-inspired features and endpoints) as the entities that comprise my ontology. My multiverse is real (not imagined), with an origin to independent trajectories.
 One could summarize the options:
 
  	Space-time doesn’t break down in the past: the B-G-V theorem holds up (or analysis countering exceptions such as the emergent or asymptotically static models);

  	All of space-time breaks down: this option fails to be a primordial era because it lacks time; the universe’s first moments are describable by a GTR+ model;

  	Time breaks down, but not space: this option fails to be a primordial era because it lacks time; the universe’s first moments are describable by a GTR+ model;

  	Space breaks down, but not time. If the arrow of time reverses at a boundary, that is consistent with Kalām’s second premise (on a dynamic/evolutionary interpretation of time).


But one could drop my presupposition and deny the reality of time. In fact, theorists today are often talking in terms of synchronic emergence (bottom-up ontological structure with time acting similar to a spatial dimension in a 4D bloc) rather than diachronic emergence (arrival of the metric time of GTR from some more primitive temporal entity). In a synchronic view, a breakdown of space-time in quantum gravity doesn’t inform any discussion of a primordial era; rather, it refers to the problem of how there can appear to be space-time and scientists who do science in an evolutionary world, when the true ontology has entities that may be nothing like that. Where is the connection? The animating discussions deal with empirical coherence and the (in)dispensability of space-time. In short, could such a thing be true, but we can’t know it? Can space-time really be dispensed within a so-called “background independent” theory? The “nature of time” should be the topic for a future Greer-Heard event.
 In short, if the world works the way we appear to experience it, I believe the Kalām argument ultimately goes through and one can embrace its conclusion of a transcendent cause for physical reality. To defeat the argument, one must argue convincingly how common terms such as “cause,” “time,” “nothing,” or “evolution” mean something very different from how the typical intelligent layman normally thinks of them. As Groucho Marx might have said, “who are you going to believe, me or your lying eyes?”
 Sean Carroll’s Response
 Much has been made of the claim that whether or not the universe had a beginning or is eternal is a theologically neutral statement; it is a physics statement. That may well be true. But let me give you a potentially relevant fact: if you go to Google, and you search for “Borde-Guth-Vilenkin Theorem,” 98 percent of the results are from theology. Not from cosmology.
 Now, why would that be? It’s not because cosmologists don’t recognize the theorem as something true; it’s that: (1) they recognize that it is only a statement about the regime in which classical descriptions of space-time are good approximations, not a full statement about the actual universe; and (2) cosmologists are not invested in the answer. Cosmologists are invested in knowing the answer, they want to know whether or not the universe had a beginning or not. But they recognize we’re nowhere near being able to answer that question. And the BGV Theorem doesn’t get us very close to it. Whereas some theologians seem to be very invested in this, and therefore, they make a big deal about the BGV Theorem, I don’t think that the tendency to pick pieces of evidence that favor your position and bring them to prominence is something that distinguishes theists and atheists in any way; atheists do that much of the time. But it does seem to distinguish the subset of theists who make a big deal out of the BGV Theorem.
 Remember, I told you about the Aguirre-Gratton Model. This is a classical space-time model that is absolutely eternal, that obeys the laws of the BGV Theorem, and would tend to be completely well-defined, and it never enters the quantum regime. I asked for an explanation of what sense that model is supposed to have a beginning in, and I haven’t yet heard one.
 The issue with the Aguirre-Gratton model, just as with the Carroll and Chan model, is that there is a moment in time where the entropy is lowest. So, in our conventional understanding of time moving away from the period of lowest entropy, there is a point in time to the one direction of time and to the other direction, and we both call it time, moving forward. But this again, as I mentioned before, equivocates on the fact that there is no place for God to have created such a universe. So, unless this universe is fit into our explanatory framework, we have not really done our work here.
 But the real issue, as Tim Maudlin alluded to, is that we all (physicists, theologians, people on the street) tend to reify the concept of space-time far too much. We live in a universe that is fundamentally quantum-mechanical, and the notion of space-time is fundamentally classical. But it is so useful (the classical space-time notion) that we tend to try to fit it into the framework of an ultimate theory even though we know that’s not the right language to use. If you want to get right the fundamental rules of reality, you have to talk the language of quantum mechanics, the language of wave functions, and Schrödinger’s equation. And you see this problem when James Sinclair quoted Quentin Smith. To the extent that I can appeal to myself as an authority, I promise you, everything in that quote by Quentin Smith was wrong. But I don’t blame him, because he was probably reading papers by physicists who were extremely sloppy in talking about what their theories meant. Hartle, Hawking, Vilenkin; whatever it was, we tend to talk in space-time terminology, even though what we are describing are wave functions and quantum states. The real answer is not that there is Euclidian time at one point and real time at another point; what there are are wave functions at all points. Sometimes, you can calculate them most effectively by using Euclidian time methods; other times, by using real time methods.
 Remember, I gave you a theorem, the Quantum-Eternity Theorem, which seems to tell you in an ironclad way that the universe should be eternal, if it obeys the rules of quantum mechanics. I don’t recall any of the folks on the other side of the debate referencing that theorem. But you might want to know how is it even possible to have a universe that had a beginning, given that theorem, if quantum mechanics is the right answer. Well, every theorem has a little condition. The BGV Theorem’s says if the universe has an average expansion rate greater than zero. It sounds like a little technicality, but it’s actually crucially important. The Quantum-Eternity Theorem has a little condition that says, if the energy of the universe is not zero; if the energy of the universe is zero, then there is no strictly defined notion of time. And that is exactly the condition that applies to the Hartle-Hawking quantum universe, the quantum cosmology universe that does have a first moment. In that picture, time is emergent, not fundamental. So, as a cosmologist, I’m happy, no matter which way it turns out, but I know that we’re nowhere close to knowing the final answer.
 William Lane Craig’s Response
 I’m going to resist the temptation to respond to Sean Carroll’s remarks because that’s Jim Sinclair’s duty. But let me simply say that I was careful in my opening statement in the debate earlier to present the Borde-Guth-Vilenkin theorem as simply one of the most recent theorems that show that classical space-time had to have a beginning. Recall the boundary in superspace, which is implied by that theorem. The question is, is that the beginning of the universe, or is there something on the other side of the boundary? If there is something on the other side of the boundary, that’s the quantum gravity regime.
 Here, Jim touches on very deep philosophical questions about what time is—or what Christopher Isham calls the “problem of time”—and this notion of space-time as an emergent reality.[17] There’s a good deal of talk today in the philosophical literature about space-time as emergent. But as Reiner Hedrich explains, the notion of emergence here has to do with different levels at which physical reality is described.[18] An emergent feature is one that doesn’t appear in the description of reality at the fundamental level, but at a higher level. The difficulty is, in these quantum cosmogonies, the quantum gravity era does appear to be temporally and causally prior to classical space-time, to the Planck time. And yet, that is incoherent, as Jim says. You can’t have diachronic emergence of time itself because you would have to already have time in order for time to emerge. So, you have to say that this is merely a synchronic emergence—that is to say, that this quantum gravity description is a description of the same reality, but just at a deeper level, or at a microscopic rather than a macroscopic level. And in that deeper reality, you could get rid of the initial singularity. But it is still the same reality; it’s just different levels of description. So, if classical space-time is finite in the past, so must be the quantum gravity era. It’s not as if the quantum gravity era can “stick out” before the classical space-time. That would be incoherent. It’s just different descriptions of reality at different levels.
 Now what we must not do—and this leads me to comment on Dr. Carroll’s remarks—is privilege the fundamental level of description as somehow more real than what is in a higher-level description. I call this mistake “fundamentalism.” I think that people such as Dr. Carroll are guilty of being fundamentalists in this regard, thinking that because something doesn’t appear in a more fundamental description of reality (say, on a microscopic scale), it is less real, or even unreal, if it then appears on a higher level. That simply doesn’t follow. There’s no reason to privilege the lower level over the upper level.
 Indeed, I would say that time is one of the most evident realities to us, inescapably real. The reality of time is even more evident than the reality of the eternal world. For I could be a brain in a vat with illusions of an external world around me, but my stream of contents of consciousness in succession, one after another, is undeniable and inescapable. Even the illusion of temporal passage is temporal passage. So, the reality of time, it seems to me, is one of the most basic, undeniable realities of metaphysics that there can possibly be. If time doesn’t appear on a fundamental, quantum level, then so much the worse for the ontology of that level! That simply implies that a description of reality on that sort of a scale doesn’t capture reality fully.
 If you insist that this quantum gravity regime is, in some sense, temporal, even though not classically temporal, then, as I argued yesterday from Aguirre and Kehayias, it cannot be infinite in the past. A quantum state cannot endure forever doing nothing because it’s unstable. It would either produce the universe from eternity, if it’s causally sufficient for it, or it would never produce it. But it wouldn’t be possible that the universe—classical space-time—would appear just 14 billion years ago after having waited in a quantum state from eternity past.
 James Sinclair’s Response
 Thank you Dr. Carroll, it is a privilege to be criticized by you. [Tongue-in-cheek] Bill’s been criticizing me for years, so I’m used to that.
 There are four salient points that I want to address. The first, about being theologically neutral—you brought it up in the context of BGV—I’m pretty sure I could have gotten Dr. Vilenkin to hold up a sign, saying, “It’s theologically neutral,” because he’s told me that many times. But certainly, I can’t deny what you’re saying about Google. It is of significant interest to people like me. As I said earlier, the notion of incomplete geodesics is relevant to the concept of a beginning, but as I was careful to say in my discussion of model tool sets, we do have to be careful about a naïve commitment to a particular toolset. And I think you’re on board with me on that, as per the discussion we had ourselves in our email.
 One other thing I want to mention, and this actually addresses a point that I think several of the speakers on this side made, with regard to, especially, Dr. Maudlin, I believe he made this point. With regard to the practice of science and whether cosmology has anything to say; the fact that there isn’t certainty regarding this subject of a beginning, and therefore, we shouldn’t arrive at any conclusions. Well you see, in the realm that I live in, we practice a very different kind of science, but I think that the way it’s done is just as valid as what is done in academia. In my realm, you have to produce the best answer you can on a deadline, because there are decision makers who are making decisions on what is going to happen with building jets fifteen years in the future that are hopefully going to save the lives of pilots. And the key thing is that those decision makers are going to make their decisions whether I help them or not—whether they get the critical input they need or not. I don’t have the option to say, “I don’t know” just because the knowledge base is incomplete. I have to give them the best possible answer at the time, using the data, incomplete as it is. And being honest about it, about the error volume, or the different sizes of trade’s spaces, or assumptions, limitations, and constraints. So I look at that type of topic from a philosophy of science perspective very differently than you do. I think that you have to give the best answer you can right now. And part of the talk that I was going to give, that I had to cut out, had to do with the fact that we’re living our lives right now. I guess I’m disagreeing with Dr. Maudlin on another point. I very much believe that discerning the existence of God does help me make life choices. I call myself the problem child of Christianity: you’re not argued into the kingdom of God, essentially. I believe that it’s true. What I mean by calling myself a problem child is that I think that if you did have a universe that was created by God, there ought to be evidence of it.
 And the other thing that I believe is that in the public square, if we’re going to deal with issues as to whether religious truth claims should have any currency at all, the only information we have to share with each other is publicly available information, which would have to be reason and evidence. I can’t show you my heart, and say, “Look, I believe I have the Holy Spirit.” I have to share with you this public evidence. So, that’s another reason why I’m interested in generating that.
 I’m going to cede you the point with regard to Aguirre-Gratton. Dr. Vilenkin has written papers on this. He believes that model does have a beginning, but he uses what I would term an idiosyncratic definition of “beginning.”
 Now however, I did talk to Dr. Aguirre, and he said, if I got him correct, that most of the geodesics do hit the boundary in his model. And that very few of them go past infinity, so I don’t know whether that leads to a conceptual difficulty or not, or whether I misinterpreted him. The relevant issue is that if “measure zero” worldlines trace to past infinite times, that can be an indication that the model shouldn’t be taken literally here, as per my earlier discussion of instrumental vice realist models.
 But it’s very important when Dr. Craig spoke about whether universe concepts that are past eternal are viable. Well, he was repeating what Dr. Vilenkin said at Stephen Hawking’s conference for his birthday party in 2013—Dr. Vilenkin made that very strong claim. In the Blackwell Companion article that Dr. Craig and I wrote, what we said is that it was difficult to envision—not that it was impossible to envision—past eternal models. So, I’ll be willing to cede that point to you, and my last point will have to stop.
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7
Concluding Comments

QUESTION #1: I thoroughly enjoyed being here. My question is to both Dr. Carroll and Dr. Craig: What would you say was the greatest weakness in your argument for this debate, and then, the greatest weakness in your opponent’s argument. Thank you.
 CRAIG: I suppose the greatest weakness would be the tentativeness of the empirical evidence that universe began to exist—that our conclusions are always provisional and not certain. I suppose the greatest weakness I would see in Carroll’s argument would be that we do have good tentative evidence that the universe began to exist. So, the necessity of having recourse to elaborate schemes to explain away the evidence that we do have seems to me to be a weakness in the other side.
 CARROLL: I don’t think that the universe beginning to exist requires God in any way, so I don’t think that is a weakness. I think the greatest weakness in my own case is the weakness that science will always have in that we are not done yet. There are plenty of questions that we don’t know the answer to. Conceptually, it’s always possible that someday in the future, we will hit a point where we try again and again and we find that the best explanation that we can come up with is not a purely naturalistic one. We have to be open to that possibility. Naturalism is extrapolating into the future the idea that we would still, someday, be able to come up with such an explanation. I think that’s very, very, very, very probable, but it might not happen. The greatest weakness in the other side is I think that it’s pick your poison: either the universe in which we live looks nothing like you would expect it to look under theism or you can justify that it does only because theism explains almost nothing about what the universe looks like.
 QUESTION #2: Wittgenstein said the greatest conception of modernism is the idea that laws of nature explain the phenomenon of nature. Now, I love science, but I think that we are deceived into thinking that the sheer power of science gives us all the explanations. Now, nobody fully knows what gravity is or fully knows what . . .
 STEWART: What is your question?
 QUESTIONER: Here’s my question: If we don’t fully know what things such as gravity or time are, but yet, we say, “Science explains . . .”[said in a deep voice], why is science the only explanatory category allowed? What evidence do any of you have that only science can provide a full explanation?
 CARROLL: I’ve never heard science use that voice before! [laughter]
 ROSENBERG: I’d be happy to respond. Explanation is more than the reduction of curiosity. It’s not a matter of scratching a psychological itch. Scratching the itch of curiosity is not the criterion of explanatory adequacy. Among philosophers, there has been at least one hundred fifty years of debate about what the nature of explanation is and what the criteria are for explanatory adequacy. About the only thing on which I think there is significant consensus is that prediction has something to do with real explanation. It’s not the symmetry of prediction and explanation that the positivists urged. It’s a much weaker requirement when you offer an explanation, in order to establish that your explanation is an improvement on competing explanations or does more than satisfy itches, the way that narratives we were lulled to sleep with do, you’ve got to have some new predictive consequence: indirect, direct, eventual, or immediate. And it’s because only science holds up the promise of that kind of predictive consequence that its explanations pass that epistemic test.
 MAUDLIN: The question seems premised on something I’ve certainly never asserted. I don’t know anyone who has. The main issue isn’t, “Can we segregate science and give it all credibility and put everything else on some other side?” The question is: “For any belief, what are the grounds upon which you hold it? And can you see why those grounds would be reliable or give you good grounds, good reasons?” One can just say, I would tend to say almost any enterprise that meets that criterion, I’ll call a kind of science, right? Mathematics sits in the science department, but it’s not an empirical science. And it sits in the science department because what it has in it are proofs, and you think those proofs give you good reasons to believe the theorems. So, why does math sit next to physics? In certain ways, they are completely different. But it’s called a science just because it seems to have this strong concern about articulating the grounds, the evidence, and so on. From that point of view, the reason that you should only pay attention to science is because by this definition, science is those things that you have good reason to pay attention to. Anything else that you choose to believe in just doesn’t have the credentials to show that it is reliable. So then, it’s kind of a nomenclature thing. But I don’t think that puts theology on one side or the other. As I said, I can perfectly well imagine good evidence for a theological hypothesis. Sean can as well. It’s because we don’t see a world that looks like that, that we are not drawn in that direction.
 QUESTION #3: My question is for Dr. Carroll. I’m wondering if you could clarify something regarding the slides last night with Alan Guth. The way I take Dr. Craig to be citing the theorem is: our observable universe, the one that’s nearly fourteen billion years old, certainly satisfies the only assumption of the theorem, the H-average being greater than zero. So, is Guth saying that he doesn’t believe our universe satisfies that condition, or is he saying that there’s a cyclical model that he believes is eternal, or what was actually the gist of what he was talking about?
 CARROLL: Great question. It’s not nearly enough to apply the Borde-Guth-Vilenkin [BGV] Theorem that the part of the universe we observe has an expansion rate greater than 0. That is one of the assumptions of the BGV theorem. It says that if the universe has an average expansion rate greater than zero, then you cannot extend that behavior infinitely far in the past. So, the fact that it extends for nearly fourteen billion years tells you absolutely nothing. And when Alan says he thinks the universe is probably eternal, he’s saying, “Well there are two large loopholes in the theorem.” One is: maybe the universe has an average expansion rate of zero. For example, in one of these bouncing universes, it’s changing all the time, but it’s changing one way on one side and the other way on the other side, and the average is zero. Or, I think more plausibly, what I suspect he believes in because we’re writing a paper together about it, is that it’s just extremely clear to us as cosmologists that the chance that classical physics is telling you anything interesting and relevant about the very first moment of the history of the universe is very small. You really have to think quantum-mechanically, and the BGV theorem only tells you when you need to start thinking quantum-mechanically, not what the result of that thinking is going to be. The simplest quantum mechanical models that hold the most promise for explaining cosmological puzzles seem right now to us to be those that are eternal. If someone has a better idea tomorrow—if I have a better idea tomorrow—I’ll change my mind about that, but right now, given what we know about the state of the art, that seems to be the way to go.
 QUESTION #4: My question is for Alex Rosenberg. Would you explain for us the concept of irreducible complexity, as it is expressed by Michael Behe in his book Darwin’s Black Box, and by Steven Meyer in the book Signature in the Cell?
 ROSENBERG: I’m sorry, I don’t quite get the question. Do you want me to explain Behe’s idea of irreducible complexity?
 QUESTIONER: Yes.
 ROSENBERG: Well, Behe holds that there are some complex combinations of matter that have functions or causal relations with their environments that are of a sort that they could not have been produced by the set of small, blind variations filtered by an environment because there’s no adaptive advantage to any one of the components and only an adaptive advantage to the combination of the components. That’s Behe’s thesis. Would you like me to say what’s wrong with the thesis? . . . In short, it’s an argument from ignorance, ignorance which we are constantly pushing back, and the example that Behe has used—the flagella of the euglena—is one about which we now have a detailed understanding of the evolutionary trajectory that produced it, and about which we have some idea of the adaptive advantages of the earlier components. It’s quite remarkable that Darwin, in the sixth chapter of On the Origin of Species began by saying that the eye is an organ of extreme complexity. It’s obvious that half an eye, a quarter of an eye, an eyelash, an iris, a cornea alone would convey no adaptation to the creature that had it. So, unless he could provide an explanation of its emergence by a series of gradual steps, his theory was refuted. Darwin said this in 1869 in the sixth chapter of On the Origin of the Species, in which he gave a sketch that remains with us, as to the broad outlines of what we now know in much greater detail to be the evolution of the eye by natural selection. And that’s a much harder problem that Behe’s euglena flagellum.
 QUESTION #5: Dr. Carroll, you grant that the study of the nature of the universe can be undertaken with at least similar critical rigor in both Naturalism and Theism alike. What is gained by such an endeavor with Naturalistic presuppositions rather than Theistic presuppositions?
 CARROLL: Well, I think that it’s not a presupposition. I don’t think it should be a presupposition. I think that Naturalism is the conclusion we reach by empirical investigation and trying to understand what is the best framework in which to understand the universe that we see, given the data we have. As data get better and better, one’s best-fit model changes over time. I’m happy to say that 500 years ago, the best-fit model was theism. But now, we know better. Given advances in physics, in biology, in cosmology, Naturalism is the conclusion of thinking about what empirical information tells you about the universe. If you did go in with a presupposition, I would agree that would be a mistake.
 QUESTION #6: The word “consciousness” came up a couple times last night. I think Dr. Craig referenced consciousness, and we’ve talked about cosmology, origins, and beginnings. It seems that we have been talking about material things for the most part. I would like someone from both sides to explain where does the immaterial come from in regard to cosmology, i. e., consciousness, belief, act of will, things of that nature.
 MAUDLIN: All right, I know that on our team, there will be wild disagreements about this. So, you shouldn’t think of us a representing some general state of mind. I think consciousness is the hardest problem there is. The relation of conscious states to matter, to the body, is the hardest nut to crack, and there’s some reason, some very general reason, that I think that physics can’t crack it. Some people will disagree with me on that. What we know, we know. We do know some things. We know that if I poke your head in certain ways, which is a physical event, there is material interaction that changes your state of consciousness. We know that your states of consciousness depend in great detail on the material state of your cranium. We know that you can get a lesion in a part of your brain that will eliminate nothing but your ability to recognize faces. Now, if you take all that together, it seems pretty obvious to conclude that if your brain is not in any working condition, if it’s moldered away, then there will be no attendant state of consciousness there, even though I can’t explain how consciousness arises from matter, and I’m not pretending that I can. I think we know enough about the relation of states of matter and states of consciousness to say, “You better have an operating brain if you want to have a state of consciousness,” which is why I don’t think there is anything after [death].
 CRAIG: I think it’s evident that consciousness, and particularly intentionality, the “aboutness” of our mental states, fits much better into a Theistic worldview than in a Naturalistic worldview, because on Theism, you’ve already got an ultimate, unembodied mind or consciousness, who is the personal, transcendent Creator of the universe. So, the idea that there would be finite, embodied minds wouldn’t be very surprising on Theism. It fits in with that worldview, whereas the existence of mind in a Naturalistic worldview is much more difficult to fit into that worldview. And that’s why many naturalists will deny the reality of intentionality, personal selves, identity over time, and things of that sort.
 ROSENBERG: Do you know any? [laughter]
 CRAIG: I didn’t mention your name!
 COLLINS: I find it quite amazing that people who believe that consciousness is just reducible to particles actually take their cosmological theories seriously because all those cosmological theories are is just a certain state of the brain. And if that’s all it is, it seems to reduce its significance. How does it correspond to anything in the world? I think there are really deep questions there, if you take that line.
 QUESTION #7: This question is for Dr. Carroll, and it’s actually from someone who’s watching on the live stream. He says, “If there are multiple models that work for describing the nature of the universe, but no one knows which is right, epistemically what justifies one to believe one model as opposed to the other?”
 CARROLL: This is the kind of question where I suspect that I’m missing some hidden thrust. The way that we decide between models is the way that we’ve developed over the last several hundred years in the scientific method: the hypothetico-deductive method. We try to invent all the different hypotheses that we can, and we see which of them seems to provide a plausible account of the data, and if it is a really, really good account of the data, and a really, really simple theory, then we say that theory is probably right. If there are different ones, and none of them fits exactly right, and some of them are more complicated and ill-defined, then we are more tentative. We say, “Well, there are different levels of credence we give to different theories.” But ultimately, it’s about hypotheses and comparing them to the data. There is no algorithm that is hard-and-fast and can easily be formulated. We try to decide whether one hypothesis is a better fit to the data. This is a famous problem in the philosophy of science. But in the way that science actually works, if you wait long enough and continue to collect more and more data, one theory always gets better and the other theories get worse and worse. I would say that’s what’s been happening over the last five hundred years with Naturalism and Theism.
 QUESTION #8: My question is directed to Dr. Craig. You’re saying that the universe has a beginning, but I’m still not exactly convinced why I should go from the universe had a cause, supposedly, to that cause is a personal God who cares about us, and loves us, and so on. So, I just want more clarification on how you get from a supposed cause to God.
 CRAIG: Right, I was actually going to say something about that in my response to Dr. Maudlin’s paper, but he dropped that part out of his written paper, so I cut that paragraph out of my response as well.[1] In my published work, I give philosophical arguments for why I think the transcendent cause of the universe is personal.[2] It’s important to understand that the cosmological argument is primarily a philosophical or metaphysical argument for a personal Creator of the universe. And my primary reason for believing the second premise—that the universe began to exist—is the philosophical arguments against the infinitude of the past. I think there are multiple arguments that make it plausible that the past cannot be infinite. And so, for me, the empirical, scientific evidence is just icing on the cake. It is just remarkable that we have empirical confirmation of a premise for which we have independent philosophical arguments.
 Given those philosophical arguments and scientific evidence for the beginning, we then ask, “What sort of a being could be the transcendent cause of the universe?” Given those arguments, it would have to be a being that is beyond space and time, is therefore non-physical, immaterial, and changeless. Now, metaphysically, there are only two sorts of candidates that could fit the bill for that: either an unembodied mind (or consciousness) or an abstract object, such as a number. But abstract objects don’t stand in causal relations, and therefore, it follows that the cause of the universe is an unembodied mind. In my published work, I give two other additional arguments for why I think the cause is plausibly personal.
 QUESTION #9: My question is for the speaker who had the Socrates argument. You showed the slide that said, “What’s right is right because nature makes it right,” correct?
 MAUDLIN: Yes, “what is right and wrong is right or wrong in its own nature. It’s not made right or wrong by anyone’s decision to make it right or wrong.”
 QUESTIONER: So, if nature were to create humankind, then my definition of right may be different than someone else’s definition of right. So, how do we decide whose definition is right?
 MAUDLIN: You’re misunderstanding the word “nature” here. What I mean is that it’s right in its own nature, of its own essence, or in what it is in itself. It doesn’t have to do with nature in the sense of natural science. If you happen to believe that chattel slavery is fine—and people have over the course of humanity—and I happen to believe it is a moral abomination, then I’m right and you’re wrong. And that’s because of the nature of justice and equity and human dignity.
 CRAIG: I think that your question was misstated. You want to ask, how can you decide whether Maudlin is right and you’re wrong.
 QUESTIONER: Correct.
 CRAIG: That’s not the right question. As Dr. Maudlin says, we can have a moral grasp of objective moral values and our moral duties, if they exist and are real and objective. The question, rather, is ontological, not epistemological. Why think on Naturalism that human beings do have intrinsic dignity and have equal value? It’s very difficult to see on Naturalism why this relatively recently evolved primate species should be invested with this sort of objective moral worth, and especially, why they would have moral duties to one another. Where do these moral values come from? Who or what lays such prohibitions or obligations upon man? And so a good many naturalists, such as Dr. Rosenberg here, will say, on Naturalism, “there really aren’t any objective moral values and duties, moral nihilism is true. Get used to it!” That just comes with the worldview. So, I think this ontological question is an important one, and here I think Theism provides a real basis for it, because on Theism, the good is God. God is what Plato called the good, and that is an objective transcendent reality independent of social mores and cultural evolution. God’s nature expresses itself toward us in the form of certain moral imperatives: “Thou shalt love thy neighbor as thyself,” “Thou shalt not kill,” and so on. And these, then, constitute our moral duties. So, our moral obligations are rooted in God’s commands and these are not arbitrary, as Euthyphro thought; rather, they are reflections of the good, of God Himself, who is the paradigm and locus of absolute moral goodness. So, I think Theism makes good sense of human value and dignity, whereas Naturalism has real difficulty.
 MAUDLIN: Well, let me respond to the response. The argument I gave was that the nature of the good is exactly like the Platonic good. The Platonic form of the good is not personal; it doesn’t know about us; it doesn’t know about anybody. It didn’t play any role in the creation of anything. It is an objective standard. Now, if you think there is a theological agent who knows that standard, and somehow conveyed it—although you don’t seem to need it to be conveyed— everybody, every society has come, on carful thought, to realize that murder is wrong, that theft is wrong, and so on. It took a long time to figure out that slavery is wrong, that was moral progress. It took a long time to figure out that segregation was wrong, that was moral progress, and it was held up, as much as it was advanced by religious doctrines. Right now, we’re figuring out that it is wrong to discriminate against people who are homosexuals, and some people haven’t figured that out yet. But what you are going to do is figure it out by thinking—by thinking hard. If you believe there’s objective truth about it, which I believe. Dr. Craig says it comes with the package. It doesn’t come with the package. I think I figure out what’s right and wrong by thinking hard. And I don’t think a God would have the power to make chattel slavery moral. It’s not a command that even God [could make right], just as God couldn’t make one plus one equal three. So, objective moral values are above that level, and separate from him.
 STEWART: Boy, that one touched a nerve! This will be our final question, and then, we’ll turn it over to our panelists to give their final concluding comments.
 QUESTION #10: Dr. Craig, if the universe is eternal, does that mean that universe doesn’t need an explanation for its existence?
 CRAIG: No, it doesn’t; but it would mean it’s a different kind of argument. There are different versions of the cosmological argument that sometimes get conflated. One version, one I’ve defended and I’ve called the Kalām Cosmological Argument because of the Islamic tradition which developed it during the Middle Ages, is based on the notion that the universe began to exist, and that since something can’t come into being without a cause, there needs to be a primordial cause of the origin of the universe. But suppose Dr. Carroll is right, and the temporal becoming is merely a subjective feature of human consciousness, that the universe begins to exist merely in the sense that a yardstick begins to exist at the first inch. It doesn’t come into being at the first inch; that’s just the front edge of the yard stick. Suppose the universe is like that and just has a front edge. Then, the question, “Why would it come into being?” would not be pertinent. Instead, what we would ask is, “Why is there a tenselessly existing universe rather than nothing, or rather than something else?” That is the form of the cosmological argument developed by Gottfried Wilhelm von Leibniz. This Leibnizian form of the argument seeks a sufficient reason or explanation of the existence of contingent reality, and it finds it in the existence of a metaphysically necessary being whose non-existence is impossible. So, these are quite distinct versions of the argument, and we haven’t talked about the contingency argument because that’s not an argument to which cosmological data is relevant. That’s a purely metaphysical argument, like the ontological argument. But the cosmological data are very pertinent to the kalām argument in virtue of that second premise, which is susceptible to scientific confirmation or disconfirmation.
 STEWART: All right, thank you for the questions. Let’s give our panelists a chance to give us their concluding thoughts.
 ROSENBERG: Thank you, Bob. And thank you all for your attention and for you simulating questions. It’s always a pleasure and an intellectual treat to sit in company such as this and listen and learn, as well as get a chance to put your ideas forward. I think the last idea that I’d like to put before you is this: If there’s an intellectual struggle between Theism and science, and it’s the basis of the decision you make regarding your religious values, then you are very likely to find yourself in an unstable equilibrium at best and to fall off that equilibrium in the direction of science because when it comes to matters of evidence and reason and argument, science is the product of the persistent demand for evidence, reason, and argument over a period of several thousand years and has become the dominant form of an assessment of cognitively significant claims in our civilization across the entire world. And therefore, if you’re concerned about your theological commitment, it’s far better to ground it on faith than to hope for a justification in science.
 CRAIG: I’d like to commend the Greer-Heard Forum for having this kind of a conference that brings together persons holding opposing views to debate in a civil and collegial manner these tremendously important questions. This is a modern continuation of the medieval practice called Quaestiones disputate. These disputed questions in Theology were practices of medieval universities, where persons of different points of view on important questions would come together. They would publicly debate these questions, and then these questions would be published, where they became the basis for commentary and reaction by other thinkers. That’s exactly what the Greer-Heard Point-Counterpoint Forum is doing. So, I think this is a wonderful format and forum. Now, that doesn’t mean that this kind of debate format is the only type of forum in which one engages. On the contrary, next week I’m going to be in Chicago at the Central Division meeting of the American Philosophical Association, where I’ll be presenting a paper on God and abstract objects, and there will be a pair of commentators there to talk about it. That will be a very different sort of forum, and a very different sort of discussion, but it’s not mutually exclusive with one like this. Similarly, one will often have exchanges of papers in professional journals or in books where these things can be discussed. I say, “Let a thousand flowers bloom!” All of these different types of forums are valuable ways in which to discuss these issues. And one of the great advantages of this kind of debate forum is that I don’t know of any other way that is as effective in bringing this sort of material to the attention of a popular audience. A popular-level audience will love to come out and hear a debate on these issues much more than just an individual lecture. It is a way to get the public’s attention. And it doesn’t matter if anybody changes his mind. You should not judge the success of the debate by how many minds are changed. I think far more important is how many people will be stimulated to inquire further, to begin to read, to take a major in philosophy—and I’ve met people like that here at this forum. I know that these types of forums are tremendously provocative in terms of leading persons to further study and deeper inquiry. And for those of us who are Christians, it can make our faith more informed, deeper, and more relevant to the world in which we live. So, I’m thankful to Bob Stewart and to the Greer-Heard Forum for an event like this and the privilege of participating in it.
 MAUDLIN: Of course, I’d like to thank the Forum, and Bob for organizing the forum, and Sean for picking me to be here. Most of all, I have to thank my wife, who is the one who insisted I not read the paper. She was absolutely right, and actually, I want to talk for a minute just at the end to come back to one of the arguments that’s been floating around, the fine-tuning argument, and just make a point about it, and maybe this stuff about if we’re all so contingent, if humanity evolved, where’s human dignity, maybe it connects in there too. So, there’s a tendency to think that if something really happened just by chance, without any overarching determining thing that aimed at it, that if it’s just an accident, then it can’t really be significant. I met my wife by accident. We met at a conference. I was going to the conference because another colleague who got invited was sick and he couldn’t go, and he recommended me. We can all trace out these funny little things that happened in our lives that played a very central role as to how our lives evolved. If you start thinking more deeply about it, our own individual existence is the result of numerous wildly unlikely accidents. I don’t want to get graphic, but when you were conceived, there were a billion other competing sperm in the game. Your existence was a one-out-of-a-billion shot right there. And for you to be conceived, your parents had to have been conceived, and there was a one-out-of-a-billion shot for them, and so on back, generation after generation after generation. By any reasonable standard, we are all here by accident. I could calculate that number and say, “Look how unlikely it is that I’m here! Could I believe it’s by chance?” It is by chance. I can believe it’s by chance. It is by chance. Does that make my existence less significant? Does it make my wife’s existence less significant? Does it make my child’s existence less significant, less important? That it was a matter of just blind luck over very, very long odds, and the same, I think, is true for the entire human race, and for life on earth. It can be disquieting to realize that. It’s hard to take in. But I think you can take it in and maintain a sense of dignity and significance in spite of that. Then, you can learn a lot about the world because you don’t have this barrier, a resistance to taking the results of science that come from feeling upset about them.
 COLLINS: I want to make a couple of comments. First of all, I really do not see the success of Science as undermining Theism. It seems just the opposite. If you look back at the scientific revolution, a lot of the inspiration and motivation for the key thinkers, Galileo, Kepler, Newton, was that they thought the universe had a mind behind it, an intelligent mind. Galileo famously said that the language of nature, that God endowed the universe with, was the language of mathematics. And then, beauty and elegance were used as a criterion because they thought, “God wouldn’t just create an ugly universe but a beautiful one at the fundamental level.” That has been widely confirmed just by the success of science. It’s truly amazing how successful we have been in not just understanding our everyday world, but when you look to cosmology, understanding the very origin of the world. If you really took seriously the complete naturalistic story that we were just here purely by chance and natural selection without any guidance, our minds would only be selected for a practical sort of reasoning in the ordinary realm, how we get around in the everyday world. We wouldn’t have, as Thomas Nagel emphasized, any expectation that our intellectual capacities would work to understand the underlying world, and yet, they do—incredibly so it seems. In this larger picture, the very success of science confirms a Theistic worldview. Then, when you look to other features we have discovered, that of the beginning of the universe, and particularly, the fine-tuning, it seems completely implausible to say that these fine-tunings are just a brute fact. They are so precise. It’s not just like the improbability we find in the case of the sperm, because we can glimpse under Theism why that occurrence wouldn’t be surprising. So, the difference is in the level of expectation for Theism versus Naturalism for those occurrences. I’m almost out of time, so I’ll just leave it at that.
 CARROLL: I’m going to do three quick things first. First, two errata. One for my fellow team member, Alex Rosenberg: the guy who figured out stellar nucleosynthesis was the German physicist Hans Bethe (pronounced Bay-ta), not Hans Beth. And one erratum for Dr. Craig: as someone who is interested in the arrow of time, I took up the hobby of collecting wrist watches. So, I need to correct the analogy with Timex and Rolex. A Timex watch is much less expensive than a Rolex watch, but it is actually more accurate because a Timex is a quartz watch while a Rolex is a mechanical watch. Even the cheapest quartz watch is much more accurate than a mechanical watch. And the third point is, I’d like to explicitly thank Bob Stewart. Bob was up here making sure that everyone else got a round of applause, so please give a round to Bob for the amazing job he’s done.
 The substantive things I have to say are on the table, but let me point out that there is a way of slicing the intellectual pie that puts us on obviously different sides in the last two days: the Theism versus Naturalism debate. There’s another way of slicing it, in which we’re all on the same side, which is the slicing of “who cares?” How is this going to cure cancer or make me a better smart phone or anything like that? To me, and to everyone up here on the podium and in the audience, all of this stuff fits together and is important: where the universe came from, how it works, where morals and values came from, how we evolved—all this stuff matters. As human beings, we do more than just exist from day to day. We would like to understand where we are, and all of us are trying our best to make that understanding happen, even if we end up in different places. Having said that, if there’s one lesson that science has taught us about trying to understand the world, the lesson is this: we’re bad at it. We human beings do not act in anything like a purely rational fashion. That’s why science is so wonderful: because it has developed techniques from double-blind studies, and so on, to correct the human impulse to make the data fit our favorite theories. So, the one methodological principle that everybody, theist, atheist, whatever, should always keep in mind is that if we would like something to be true, whether it’s conservation of energy or the existence of God, that we think should be true, that is not evidence that it is true. Not only is it not evidence that it’s true, it’s evidence that we should be especially skeptical of that principle being true, and we should always keep that in mind when we try our best to understand this world. Thank you.
 SINCLAIR: Ah ha! I finally get the last word. [laughter] Well, I just want to be positive. One of my great concerns is that we seem to be so sharply polarized in the United States that I wonder if we are moving toward a post-civil society. And that’s where I really see the value of forums such as Greer-Heard. And I feel so privileged to be able to serve on a panel with scholars of this caliber, and to have had the discussions that we’ve had, like the one Tim and I had on climate change at lunch the other day, and how your wife and you have such a heart for that issue. On the Christian side, there’s a ministry called Reasons to Believe that I work with, and many at Reasons to Believe have a heart for this issue as well because the Bible teaches us that we are supposed to take care of the environment. So, there is actually room for cooperation on issues such as these, even if we don’t fully agree on the approach to take.
 I wish I’d had some chance to talk to Dr. Rosenberg more often, but, Alex, I’m definitely going to read your book. One thing that I’m really pleased about is you make what I call a proactive, or affirmative, case for atheism rather than just treating it as a default position. That’s something that I find valuable.
 Dr. Carroll, I hope that this has been a positive enough experience that you continue to do this and have these types of dialogues and that you find the positive and continue talk to us theists. Yes, we have our warts, but we appreciate talking to you.
 CARROLL: I’ll introduce you to some atheists.
 SINCLAIR: Okay, that’s all I have to say. Thank you.
 

  
    	At the 2014 Greer-Heard Point-Counterpoint Forum on God and Cosmology, Tim Maudlin presented a different paper than the one that he had distributed ahead of time to Craig and Carroll. By their consent, this book contains Maudlin’s original paper with Craig’s prepared response to that paper. ↵


    	“The Kalām Cosmological Argument,” with James Sinclair in The Blackwell Companion to Natural Theology, ed. Wm. L. Craig and J. P. Moreland (Oxford: Wiley-Blackwell, 2009), 191-94; Reasonable Faith, 3rd rev. ed. (Wheaton, IL: Crossway, 2008), 152–54. ↵
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