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Abstract

This paper presents the cosmological argument for the existence of a transcendent 

first cause and extends it,  through the evidence of modern cosmology, physics, 

chemistry, and biology, into the broader case for intelligent design as it is made by 

contemporary Christian philosophers and scientists. The argument is presented in 

its  three  classical  forms  (Leibnizian  contingency,  the  kalam argument  from  a 

temporal beginning, and the Aristotelian argument from essentially ordered causes) 

and is then connected to four bodies of scientific evidence: (1) the evidence that the 

universe  had  a  beginning,  drawn from the  expansion  of  space,  the  singularity 

theorems,  the Borde–Guth–Vilenkin theorem, and thermodynamics;  (2)  the fine-

tuning of the laws, constants, and initial conditions of physics; (3) planetary and 

chemical  "fitness"  for  life;  and  (4)  the  information  content  of  living  systems. 

Throughout, the case is tested against the strongest objections raised by atheist and 

agnostic philosophers and scientists, and a structured debate format (objection, 

reply,  rejoinder)  is  used  in  a  dedicated  section.  The  paper  concludes  with  an 

assessment of where the argument is strongest, where it is most contested, and what 

a fair-minded reader should conclude. In keeping with the brief for this study, no 

theological or biblical sources are used; every source is drawn from philosophy, the 

peer-reviewed scientific literature, or scholarly books by scientists and philosophers.

A Note on Scope and Sources

The instruction governing this paper is that the case be made without appeal to 

scripture or to theological authorities. That restriction is, in fact, faithful to the 

character of the cosmological and design arguments themselves: they belong to 

natural philosophy and proceed from premises available to any rational inquirer. 

Accordingly, the Christian apologists cited here (for example, William Lane Craig, 

Robin Collins, Alexander Pruss, Robert Koons, Richard Swinburne, Alvin Plantinga, 

Stephen Meyer, Michael Behe, Douglas Axe, William Dembski, Guillermo Gonzalez, 

and James Tour) are cited only for their philosophical or scientific work, published in 

philosophy journals, university-press monographs, scientific journals, or trade books 

making scientific and philosophical arguments. Where a standard reference work 

carries the phrase "natural theology" in its title (notably the Blackwell Companion to 

Natural Theology), it is cited because its chapters are technical philosophy, not 

doctrinal theology. Historical figures such as Augustine, al-Ghazālī, and Aquinas are 

mentioned only to situate the argument historically; their theological writings are 

not used as evidence.
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Two terms need clarifying at the outset. "Intelligent design" is used in this paper in a 

broad sense: the inference that some feature of nature is best explained by an 

intelligent cause rather than by chance, necessity, or their combination. It is broader 

than the  specific  "Intelligent  Design movement"  in  biology  associated  with  the 

Discovery  Institute,  though  that  movement's  arguments  are  covered.  "Atheist 

perspective"  is  used  to  cover  both  atheists  and  agnostics  who  reject  these 

arguments, and it includes naturalist philosophers (Graham Oppy, J. L. Mackie, Adolf 

Grünbaum, Quentin Smith) and working scientists (Sean Carroll, Lawrence Krauss, 

Victor Stenger, Richard Dawkins, and others).
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1. Introduction

Why is there something rather than nothing? And why is the something that exists 

ordered in such a way that minds like ours can arise in it and understand it? These 

two questions, the first metaphysical and the second physical, frame the whole of 

this paper.  The cosmological  argument addresses the first:  it  reasons from the 

existence of a contingent, changing, or temporally finite universe to a cause of that 

universe which is not itself contingent, changing, or temporally finite. The design 

(teleological)  argument addresses the second: it  reasons from the specific,  life-

permitting structure of the universe and of living things to an intelligent source of 

that structure.

Historically these arguments were developed separately, but modern science has 

drawn them together. Twentieth-century cosmology discovered that the universe is 

expanding and, on the best available models, had a beginning; at almost the same 

time physicists found that the laws and constants governing that expansion appear 

to fall within extraordinarily narrow life-permitting ranges. The physicist Paul Davies 

captures the combined question: why is the universe "just right" for life (Davies 

2006)? The astronomer Fred Hoyle, himself no friend of religion, concluded after 

discovering the resonance that makes carbon production possible that "a common 

sense interpretation of the facts suggests that a superintellect has monkeyed with 

physics, as well as with chemistry and biology" (Hoyle 1981, p. 12).

The  aim  of  this  paper  is  threefold.  First,  to  state  the  cosmological  argument 

rigorously, in the form defended by its best contemporary proponents. Second, to lay 

out, accurately and without exaggeration, the scientific evidence that apologists use 

to support its premises and to extend it into a design inference. Third, to give the 

atheist response a full and fair hearing. A case that cannot survive its strongest 

critics is not worth making; a case that can, deserves to be taken seriously.

A methodological word is in order. Arguments of this kind are not scientific proofs in 

the sense of a laboratory result. They are philosophical arguments some of whose 

premises are supported by scientific evidence. The science can make a premise more 

or less plausible; it cannot by itself deliver a conclusion about a transcendent cause. 

Both apologists and their critics generally accept this,  and much of the debate 

surveyed below concerns precisely where science ends and metaphysics begins.
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2. Historical and Philosophical Background

2.1 Classical Origins

The cosmological argument is older than Christianity. Plato, in Book X of the Laws, 

argued that all motion must ultimately be traced to a self-moving soul. Aristotle, in 

Physics VIII and Metaphysics XII (Λ), argued that the eternal motion of the heavens 

requires an "unmoved mover", a being of pure actuality that causes change without 

itself changing. Aristotle's version is notable because he believed the universe was 

eternal; his argument does not rely on a temporal beginning but on the dependence 

of the world, at every moment, on something more fundamental.

The  kalam version, which argues from a temporal beginning, was developed by 

Christian  philosophers  such  as  John  Philoponus  (sixth  century)  and  then 

systematically by Islamic philosophers of the  kalām tradition, most famously al-

Ghazālī  (eleventh  century).  It  was  later  discussed  by  Jewish  and  Christian 

philosophers of the medieval period. The contingency version was given its classical 

modern form by Gottfried Wilhelm Leibniz (1714), who grounded it in the Principle 

of Sufficient Reason (PSR).

2.2 The Enlightenment Critique

David Hume's Dialogues Concerning Natural Religion (1779) and Immanuel Kant's 

Critique  of  Pure  Reason (1781/1787)  framed  the  modern  case  against  both 

cosmological  and design arguments.  Hume, through the character Philo,  raised 

several objections still in use: that explaining each member of a series explains the 

whole series; that causal principles derived from experience within the world cannot 

be extended to the world as a whole; that the design analogy between the universe 

and human artifacts is weak; and that even if a designer is inferred, nothing follows 

about its unity, goodness, or power. Kant argued that the cosmological argument 

covertly depends on the ontological argument, and that the concept of causality 

applies only within possible experience.

2.3 The Twentieth-Century Revival

In the famous 1948 BBC radio debate between Bertrand Russell  and Frederick 

Copleston, Russell expressed the attitude of much mid-century philosophy: "I should 

say that the universe is just there, and that's all" (Russell & Copleston 1948/1957). 

Yet from the 1970s onward the arguments underwent a vigorous revival in analytic 

philosophy. Three developments drove this: advances in modal logic, which allowed 

the contingency argument to be stated with new rigor (Plantinga 1974; Pruss 2006); 
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the discovery of the cosmic beginning in physical cosmology, which gave new life to 

the kalam argument (Craig 1979); and the recognition of fine-tuning, which revived 

the design argument in a form independent of Darwinian biology (Carter 1974; Carr 

& Rees 1979; Barrow & Tipler 1986; Leslie 1989). The atheist philosopher Quentin 

Smith, writing in the naturalist journal Philo, acknowledged the scale of this revival, 

remarking that God had "returned to life" in the late 1960s and was "now alive and 

well in his last academic stronghold, philosophy departments", and he criticized 

fellow naturalists for failing to engage the theistic arguments at the level at which 

they were being defended (Smith 2001).

3. The Three Forms of the Cosmological Argument

3.1 The Leibnizian Argument from Contingency

The contingency argument does not depend on the universe having a beginning. Its 

most-cited contemporary formulation runs as follows (adapted from Pruss 2009 and 

Koons 1997):

(1) Every contingent fact has an explanation (a restricted Principle of 

Sufficient Reason).

(2) There is a contingent fact that includes all other contingent facts: the 

Big Conjunctive Contingent Fact (BCCF), the conjunction of every 

contingent truth.

(3) Therefore, the BCCF has an explanation.

(4) This explanation cannot be a contingent fact, since any contingent 

fact is already included in the BCCF and would therefore be explaining 

itself.

(5) Therefore, the explanation is a necessary being: something that exists 

in every possible world and whose existence is explained by the necessity 

of its own nature.

Technical  note. Premise  (1)  is  the  key  premise.  A  strong  PSR  ("every  true 

proposition  has  an  explanation")  faces  the  objection,  developed  by  Peter  van 

Inwagen and Jonathan Bennett, that it collapses into modal fatalism: if the necessary 

being's existence explains the BCCF, and explanation entails its explanandum, then 

the BCCF is itself necessary, and nothing could have been otherwise. Pruss (2006) 

responds by distinguishing explanation from entailment: a free choice can explain an 

outcome without necessitating it, as when a person's reasons explain her action 

without  determining  it.  Koons  (1997)  takes  a  different  route,  formulating  a 

defeasible causal principle ("every wholly contingent situation has a cause unless 
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there  is  specific  evidence  to  the  contrary")  and  arguing  that  this  principle  is 

presupposed by all scientific inquiry.

Plain-language explanation. Everything we see around us could have failed to 

exist; its existence depends on something else. Even if the chain of dependence went 

back  forever,  the  whole  collection  of  dependent  things  would  still  need  an 

explanation for why it exists at all rather than nothing. The only kind of thing that 

could end the chain is something that does not depend on anything else for its 

existence: something that exists necessarily.

3.2 The Kalam Cosmological Argument

The kalam argument, revived by William Lane Craig (1979) and defended in detail by 

Craig and Sinclair (2009), is deliberately simple:

(1) Whatever begins to exist has a cause of its existence.

(2) The universe began to exist.

(3) Therefore, the universe has a cause of its existence.

Craig  offers  two  philosophical  arguments  and  two  scientific  confirmations  for 

premise (2).

Philosophical  argument  A:  the  impossibility  of  an  actual  infinite. Craig 

distinguishes a potential infinite (a collection that grows without limit but is always 

finite, like the counting numbers as one counts) from an actual infinite (a completed 

collection with infinitely many members). Using thought experiments derived from 

David Hilbert's lecture "On the Infinite" (Hilbert 1925), especially "Hilbert's Hotel", 

Craig  argues  that  an  actually  infinite  collection  of  concrete  things  generates 

absurdities. A hotel with infinitely many rooms, all full, can accommodate infinitely 

many new guests without anyone leaving; if the guests in all the odd-numbered 

rooms check out, infinitely many remain, but if all guests in rooms numbered 4 and 

above check out, three remain, even though the same number (infinitely many) left in 

both cases. Hilbert himself concluded that "the infinite is nowhere to be found in 

reality"  (Hilbert  1925).  If  an  actual  infinite  cannot  exist  in  reality,  then  a 

beginningless series of past events, which would be an actual infinite, cannot exist 

either.

Philosophical  argument B:  the impossibility  of  traversing an infinite  by 

successive addition. Even if actual infinites could exist, Craig argues, one cannot 

be formed by adding one member after another. Past events were added one by one. 

If the past were infinite, then an infinite sequence would have been completed to 
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arrive at the present, which is like counting down from negative infinity to zero: 

there would be no point at which one could begin, and hence no point at which one 

would finish.

Scientific confirmations. Craig appeals to (a) the expansion of the universe and 

the singularity theorems, together with the Borde–Guth–Vilenkin theorem, and (b) 

the second law of thermodynamics. These are examined in Section 4.

From cause to personal cause. Craig argues that conceptual analysis of a cause of 

the universe yields several attributes. The cause of space and time must itself be 

spaceless and timeless (at least without the universe); it must be immaterial, since 

matter is part of the universe; it must be enormously powerful; and it must be 

personal.  The last  attribute is  argued as follows:  if  the cause were a timeless, 

mechanical set of sufficient conditions, the effect should be as timeless as the cause 

(just as, if the freezing point of water were eternally present with water, the water 

would be eternally frozen). The only way for a timeless cause to produce a temporal 

effect with a beginning is for the cause to be an agent endowed with freedom of will 

who chooses to create (Craig & Sinclair 2009, pp. 191–194).

3.3 The Aristotelian Argument from Essentially Ordered Causes

The third family of arguments, associated historically with Aristotle and later with 

Aquinas, distinguishes two kinds of causal series. In an accidentally ordered (or per 

accidens) series, each member causes the next but need not continue to exist for the 

series  to  continue:  a  grandfather  begets  a  father  who  begets  a  son,  and  the 

grandfather can die without the son ceasing to exist. In an essentially ordered (or 

per se) series, every member depends here and now on the prior member: a book 

rests on a table, which rests on the floor, which rests on the foundations, which rest 

on the earth. Remove any lower member and everything above it falls.

The Aristotelian claim is that an accidentally ordered series could, for all  logic 

shows, be infinite; but an essentially ordered series cannot, because the members 

lower down have no causal power of their own to pass along. They are like the links 

of a chain hanging from nothing. Such a series must terminate in a first member 

whose causal power is intrinsic rather than derived: in Aristotelian terms, a being of 

pure actuality. Koons and Pruss have developed modern versions of this argument 

using the metaphysics of causal powers (Koons 1997; Pruss 2009). This version is 

important in the debate with modern physics because it does  not depend on the 

universe  having  a  temporal  beginning:  it  would  hold  even  of  a  beginningless 

universe.
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3.4 The Relationship among the Three Arguments

The  three  versions  are  complementary.  The  kalam argument  depends  on  an 

empirical premise (a beginning) that science can confirm or disconfirm, which gives 

it great public force but also makes it hostage to developments in physics. The 

Leibnizian and Aristotelian arguments are insulated from such developments but 

rest more heavily on metaphysical principles, such as the PSR, that critics contest. A 

cumulative case uses all three: if the universe had a beginning, the kalam argument 

applies; if it did not, the contingency and essentially-ordered arguments still apply.

4. Scientific Evidence for a Cosmic Beginning

4.1 The Expanding Universe

Until the early twentieth century, most scientists assumed the universe was static 

and  eternal.  Einstein's  general  theory  of  relativity  (1915)  upset  this:  its  field 

equations do not naturally allow a static universe, which is why Einstein added a 

"cosmological constant" to hold the universe still. Alexander Friedmann (1922) and 

Georges  Lemaître  (1927)  independently  showed  that  the  equations  naturally 

describe an expanding or contracting universe. Lemaître, a Belgian physicist and 

priest, proposed that the universe began from a "primeval atom" (Lemaître 1931), 

and in 1929 Edwin Hubble published the relation between galaxy distance and 

redshift that confirmed expansion (Hubble 1929).

If the universe is expanding, then running the expansion backward implies that 

everything was once closer together, hotter, and denser. The discovery of the cosmic 

microwave background (CMB) radiation by Arno Penzias and Robert Wilson (1965), 

the relic heat of that hot dense state, decisively favored the Big Bang model over 

Fred Hoyle's rival "steady state" model, in which new matter is continuously created 

to keep the universe eternally the same. Today the standard ΛCDM ("Lambda cold 

dark matter") model, calibrated by the Planck satellite (Planck Collaboration 2020), 

dates the hot Big Bang phase to about 13.8 billion years ago.

An important caution. The Big Bang model by itself describes the evolution of the 

universe from an early hot dense state; it does not, by itself, establish an absolute 

beginning. The classical equations break down at the "singularity" (infinite density 

and curvature), which most physicists interpret as a sign that general relativity has 

been pushed beyond its domain, not as a literal physical event. Apologists who say 

simply "the Big Bang proves the universe began" overstate the case. The stronger 

apologetic argument relies on the more general theorems discussed next.
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4.2 The Singularity Theorems

In 1970 Stephen Hawking and Roger Penrose proved that, under general relativity 

and  plausible  assumptions  about  the  energy  content  of  matter  (the  "energy 

conditions"), any universe resembling ours must have a singularity in its past: past-

directed paths of light and matter cannot be extended indefinitely (Hawking & 

Penrose 1970). Hawking later wrote that "almost everyone now believes that the 

universe, and time itself, had a beginning at the big bang" (Hawking 1988, ch. 3). 

The limitation is that the theorems assume classical general relativity and energy 

conditions that quantum fields can violate. They therefore establish a beginning 

within classical physics, but leave open what a future theory of quantum gravity 

might say.

4.3 The Borde–Guth–Vilenkin Theorem

The most important result for the modern kalam argument is the theorem of Arvind 

Borde, Alan Guth, and Alexander Vilenkin (Borde, Guth & Vilenkin 2003). It shows 

that any spacetime which has, on average, been expanding throughout its history 

(technically, whose average Hubble expansion rate along past-directed geodesics is 

greater than zero, Hav > 0) cannot be past-complete: its past-directed geodesics must 

end at a finite proper time. The key feature of the theorem is its generality: it makes 

no assumption about energy conditions or even about the particular gravitational 

field equations. It applies to inflationary cosmology, including "eternal inflation", 

which is eternal only into the future, not the past.

Vilenkin has been direct about the implications:

"With the proof now in place, cosmologists can no longer hide behind the 

possibility of a past-eternal universe. There is no escape: they have to 

face the problem of a cosmic beginning." (Vilenkin 2006, p. 176)

In later papers Vilenkin and Audrey Mithani examined the leading models proposed 

to  evade  a  beginning  (emergent,  cyclic,  and  eternally  static  seed  models)  and 

concluded that each either faces a beginning or is unstable in a way that implies one 

(Mithani & Vilenkin 2012; Vilenkin 2015).

Technical limitations. The BGV theorem is a result  about  classical spacetime 

geometry. It shows that an expanding classical spacetime has a boundary in the past; 

it does not tell us what lies at or beyond that boundary. Critics (Section 10.4) point 

out  that  a  region  of  the  universe  might  have  a  boundary  where  quantum-

gravitational physics takes over, or that the average expansion condition might fail 

in models with a contracting phase before our expanding phase. Vilenkin himself 
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notes that the theorem shows the expanding phase must have a beginning, and that 

any preceding phase faces its own difficulties; he does not claim the theorem proves 

that the universe was caused by God, and he has proposed his own naturalistic model 

of quantum "creation from nothing" (Vilenkin 1982).

Plain-language  explanation. If  you  run  the  film  of  an  expanding  universe 

backward, things get closer together. The BGV theorem shows that you cannot keep 

running the film backward forever: in any universe that has been expanding on 

average, the history of any observer eventually runs out. Something new has to 

happen at that edge, and whatever it is, it is not an infinitely old expanding universe.

4.4 Thermodynamics and the Low-Entropy Beginning

The second law of thermodynamics states that the entropy (roughly, the disorder or 

the number of ways a system's microscopic parts can be arranged while looking the 

same macroscopically) of a closed system tends to increase. If the universe had 

existed for an infinite time, the apologist argues, it should already have reached 

thermodynamic equilibrium ("heat death"). That we observe usable energy, stars 

still burning, and ordered structures suggests the universe has not existed forever.

Roger Penrose has sharpened this into a separate fine-tuning problem. For the 

universe to have a second law at all, it must have begun in a state of extraordinarily 

low entropy. Penrose estimated the probability of an initial state as special as ours, 

among all the possible initial states compatible with the same physics, at roughly 1 in 

1010^123 (Penrose 1989, ch. 7; Penrose 2004, ch. 27). That number is not 10123 but 10 

raised to that power, a number with more digits than there are particles in the 

observable universe. Penrose does not draw a theistic conclusion; indeed, he later 

developed a naturalistic model, Conformal Cyclic Cosmology (Penrose 2010). But the 

special initial state he identified is a fact every cosmological model must explain.

Aron Wall's generalized-second-law singularity theorem adds a further constraint 

relevant to quantum gravity. Wall showed that if the generalized second law (which 

includes the entropy of black-hole horizons) holds, then certain quantum spacetimes 

must also be geodesically incomplete in the past, extending the classical singularity 

theorems into semiclassical territory (Wall 2013). This result is important because it 

narrows the escape route that says "quantum effects will remove the beginning".
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4.5 Alternative Models and Their Difficulties

A fair assessment requires examining the naturalistic alternatives to an absolute 

beginning.  The  following summary  draws on the  physics  literature  and on the 

assessments of both apologists and their critics.

Model Core idea Status and difficulties

Steady state 
(Hoyle, 
Bondi, Gold)

Universe eternally 
expanding; matter 
continuously created

Refuted by the CMB and by the evolution of galaxy 
and quasar populations over cosmic time.

Oscillating 
universe

Infinite series of 
expansions and 
contractions

Entropy accumulates from cycle to cycle, so cycles 
grow longer and imply a beginning (Tolman's 
problem); observed acceleration of expansion counts 
against recollapse.

Eternal 
inflation 
(Linde; Guth)

Inflation continues forever, 
spawning "bubble 
universes"

Past-incomplete by the BGV theorem; eternal only 
into the future (Guth 2007).

Emergent 
universe 
(Ellis & 
Maartens)

Universe begins as an 
eternal static "Einstein 
seed" before expanding

The static seed is quantum-mechanically unstable and 
cannot last forever (Mithani & Vilenkin 2012; Aguirre 
& Kehayias 2013).

Ekpyrotic/
cyclic 
(Steinhardt & 
Turok)

Colliding branes produce 
repeated Big Bangs

Average expansion is positive across cycles, so the 
BGV theorem applies; proponents themselves 
concede the model is likely past-incomplete.

Carroll–Chen 
model

Baby universes nucleate in 
both time directions from a 
quiescent de Sitter state

Proposes a time-symmetric eternal multiverse; highly 
speculative, not derived from a full theory of quantum 
gravity; faces Boltzmann-brain challenges.

Hartle–
Hawking "no 
boundary"

Time becomes space-like 
near the beginning; no 
sharp initial edge

Universe still finite in the past (no infinite past); the 
model is a description of a beginning, not an 
alternative to one.

Vilenkin 
"creation 
from nothing"

Universe tunnels quantum-
mechanically from a state 
with no classical space and 
time

Presupposes the laws of quantum mechanics; the 
"nothing" is a state describable by physical law, not 
absolute nothingness.

Conformal 
cyclic 
cosmology 
(Penrose)

Infinite sequence of 
"aeons" joined by 
conformal rescaling

Novel mathematically; claimed observational 
signatures remain disputed.

The apologist's conclusion from this survey is modest but significant: every well-

developed  model  that  aims  to  avoid  a  beginning  either  (a)  is  observationally 

disfavored, (b) turns out to have a beginning after all, or (c) is highly speculative and 

lacks an underlying physical theory. The critic's response, examined in Section 10.4, 

is that (c) is exactly what one should expect while quantum gravity remains unsolved, 

and that the science simply does not settle the question.
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Recent developments. Results from the Dark Energy Spectroscopic Instrument 

(DESI) second data release suggest, at modest statistical significance, that dark 

energy may be evolving rather than being a strict cosmological constant (DESI 

Collaboration 2025). If confirmed, this would affect predictions about the future of 

the universe, including whether expansion might someday reverse. It does not, on 

current analyses, restore a past-eternal universe, since the BGV theorem concerns 

the average expansion history of our past.

5. From Cause to Designer: The Fine-Tuning of 
Physics

5.1 What "Fine-Tuning" Means

The physicist Luke Barnes defines the phenomenon precisely: "fine-tuning" refers to 

the claim that small changes in the free parameters of the laws of nature, or in the 

initial  conditions of the universe,  would have produced a universe incapable of 

supporting any form of complex life (Barnes 2012). "Free parameters" are quantities, 

such as the masses of elementary particles or the strengths of the fundamental 

forces, that our best theories (the Standard Model of particle physics and the ΛCDM 

model of cosmology) do not predict but take as inputs from measurement. Together 

the two models contain roughly thirty such parameters.

Fine-tuning is a  scientific observation, widely accepted in the physics literature 

regardless of the religious views of the physicists involved (Carr & Rees 1979; 

Barrow & Tipler 1986; Rees 1999; Tegmark et al. 2006; Barnes 2012; Lewis & 

Barnes 2016). The interpretation of fine-tuning (design, a multiverse, a deeper law, 

or brute luck) is a philosophical question.

5.2 Principal Examples

The cosmological  constant. The  cosmological  constant  (Λ),  which  drives  the 

accelerating expansion of  the universe,  has an observed value around 10−122 in 

natural (Planck) units. Naive estimates from quantum field theory of the vacuum 

energy that should contribute to Λ are larger by a factor of roughly 10120 (Weinberg 

1989). If Λ were much larger and positive, the universe would have expanded too 

quickly for galaxies to form; if much larger and negative, it would have recollapsed 

quickly. Steven Weinberg, an atheist, showed that anthropic considerations set an 

upper  bound  on  Λ  not  far  above  its  observed  value  (Weinberg  1987).  The 

unexplained cancellation of contributions to Λ to one part in something like 10120 has 

been called the worst prediction in the history of physics.
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The initial entropy. As noted in Section 4.4, the initial low-entropy state of the 

universe is, on Penrose's estimate, special to one part in 1010^123 (Penrose 1989).

The strength of gravity relative to electromagnetism. Gravity is about 1036 

times weaker than electromagnetism between two protons. Carr and Rees (1979) 

showed that many large-scale features of the universe (the size and lifetime of stars, 

the size of planets and living things) depend on ratios involving this number. Stars 

much stronger in gravity would burn out rapidly; the character of stellar convection 

and planet formation depends sensitively on it.

The Hoyle resonance in carbon-12. Carbon, the basis of known biochemistry, is 

made in stars by the "triple-alpha" process, in which three helium-4 nuclei fuse. In 

1953 Fred Hoyle predicted that this process could proceed at the necessary rate only 

if carbon-12 had an excited state (a "resonance") near 7.65 MeV. The state was found 

experimentally, as predicted (Hoyle 1954). Subsequent ab initio lattice calculations 

have quantified how sensitive this is. Epelbaum and colleagues found that changes in 

the light-quark masses of more than a few percent would disrupt carbon or oxygen 

production, although changes of about 2–3 percent would be tolerable (Epelbaum et 

al. 2013). This is an honest example of how modern research both confirms and 

calibrates fine-tuning claims: the tuning is real but less extreme than some popular 

presentations suggest.

Quark masses and nuclear stability. The neutron is slightly heavier than the 

proton (by about 1.29 MeV). If this difference were somewhat smaller, protons would 

decay into neutrons and there would be no hydrogen, and hence no water and no 

long-lived stars like the Sun; if it were somewhat larger, neutrons would decay inside 

nuclei and only hydrogen would be stable (Barnes 2012; Lewis & Barnes 2016). The 

masses  of  the  up and down quarks  and of  the  electron,  which  determine  this 

difference, lie within a small region of the possible parameter space that permits 

stable, complex chemistry.

The strength of the strong nuclear force. Classic estimates held that a strong 

force a  few percent  stronger  would bind two protons  into  a  stable  "diproton", 

allowing hydrogen to burn explosively; a few percent weaker, and the deuteron 

(needed in the first step of stellar hydrogen burning) would not be bound (Barrow & 

Tipler 1986; Rees 1999). Later work (discussed in Barnes 2012) has shown that the 

diproton case is more subtle than first thought, but the deuteron constraint remains.
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Dimensionality of space and time. Max Tegmark argued that only a universe with 

three  spatial  dimensions  and  one  time  dimension  permits  stable  atoms,  stable 

planetary orbits, and predictable physics (Tegmark 1997).

The Higgs vacuum expectation value and the hierarchy problem. The mass 

scale of the weak force (set by the Higgs field) is about 1017 times smaller than the 

Planck scale. Quantum corrections should drive it up toward the Planck scale unless 

canceled with extraordinary precision. Varying it  by a factor of a few in either 

direction changes chemistry drastically (Barnes 2012; Hossenfelder 2018 offers a 

critical perspective on "naturalness" arguments).

5.3 A Summary Table

Parameter Observed 
feature

Consequence of significant 
change

Key sources

Cosmological constant 
(Λ)

~10−122 in 
Planck units

No galaxies (too large, positive) or 
rapid recollapse (too large, negative)

Weinberg 1987; 
1989; Barnes 2012

Initial entropy Extremely 
low

No second law, no stars, no ordered 
structures

Penrose 1989; 
2004

Gravity/
electromagnetism 
ratio

~10−36 Short-lived or unstable stars; altered 
planetary scales

Carr & Rees 1979

Carbon-12 Hoyle state ~7.65 MeV Little carbon or oxygen produced in 
stars

Hoyle 1954; 
Epelbaum et al. 
2013

Neutron–proton mass 
difference

~1.29 MeV No hydrogen, or only hydrogen Barnes 2012; 
Lewis & Barnes 
2016

Deuteron binding ~2.2 MeV Stellar hydrogen burning disrupted Barrow & Tipler 
1986; Rees 1999

Spacetime dimensions 3 + 1 No stable atoms or orbits; 
unpredictable physics

Tegmark 1997

Weak scale (Higgs 
vev)

~246 GeV, 
far below 
Planck scale

Altered or absent stable nuclei and 
chemistry

Barnes 2012; 
Tegmark et al. 
2006

5.4 The Formal Fine-Tuning Argument

Robin Collins, a physicist-turned-philosopher, has given the most careful formal 

statement of the fine-tuning argument (Collins 2003; Collins 2009). He frames it as 

an application of the likelihood principle: evidence E favors hypothesis H1 over H2 if 

E is more probable under H1 than under H2. Let E be the existence of a life-

permitting universe, T the hypothesis of a theistic designer, and NSU the naturalistic 
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single-universe hypothesis (there is just one universe, and its parameters were not 

selected for life).

(1) Given the fine-tuning evidence, a life-permitting universe is very, very 

epistemically improbable under NSU: P(E | NSU)  1.≪

(2) Given the fine-tuning evidence, a life-permitting universe is not 

unlikely under theism: P(E | T) is not  1.≪

(3) Therefore, by the likelihood principle, a life-permitting universe 

provides significant evidence in favor of theism over NSU.

Collins stresses that this argument, by itself, shows only that fine-tuning confirms 

theism relative to the single-universe naturalistic hypothesis; it does not establish 

that theism is more probable overall, which depends also on prior probabilities and 

on other evidence. He also treats the multiverse alternative separately (see Section 

10.7).

Plain-language explanation. Imagine finding a combination lock set to exactly the 

right sequence to open. If someone set it deliberately, that is what you would expect. 

If it was spun at random, that result would be astonishing. The evidence does not 

prove someone set it, but it strongly favors that explanation over the "random spin" 

explanation, unless there is some other good explanation available.

5.5 Scientists on the Significance of Fine-Tuning

Several physicists who are not theists have acknowledged that fine-tuning demands 

explanation. Martin Rees, the Astronomer Royal, argues that the six numbers he 

identifies "constitute a 'recipe' for a universe" and that if any one of them were 

"untuned", there would be no stars and no life (Rees 1999). Paul Davies wrote that 

"the impression of  design is  overwhelming" (Davies 1988,  p.  203),  although he 

ultimately favors a naturalistic,  self-explaining cosmos rather than a traditional 

designer (Davies 2006). Leonard Susskind, one of the founders of string theory, 

acknowledges that, absent a multiverse, the fine-tuning of the cosmological constant 

would be very hard to explain naturalistically, and he presents the string "landscape" 

of  possible universes explicitly  as the scientific alternative to intelligent design 

(Susskind 2005). This convergence is important for the apologetic case: fine-tuning 

is not an invention of apologists but a problem recognized across the discipline.
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6. Planetary, Chemical, and Environmental Fitness

6.1 The Fitness of the Environment

In 1913, the Harvard biochemist Lawrence J. Henderson argued in The Fitness of the 

Environment that the properties of water, carbon dioxide, and carbon compounds 

are uniquely suited to supporting life. Water's high specific heat, its anomalous 

expansion on freezing (which makes ice float and prevents lakes and oceans from 

freezing solid), its unusual solvent properties, and its surface tension each play roles 

in making Earth habitable (Henderson 1913). The biologist Michael Denton later 

extended this argument in Nature's Destiny, contending that the chemistry of the 

elements, light, and water is "fitted" for life in a way that suggests the laws of nature 

are directed toward biological ends (Denton 1998). Denton's argument is notable 

because it is directed at the fitness of the  laws themselves, rather than against 

evolutionary biology.

6.2 The "Rare Earth" and "Privileged Planet" Hypotheses

Peter Ward (a paleontologist) and Donald Brownlee (an astronomer), neither writing 

as apologists, argued that while microbial life may be common, complex animal life 

requires an unusual combination of conditions: a stable star of the right type, a 

location in the galactic habitable zone, plate tectonics, a large moon stabilizing 

Earth's axial tilt, a Jupiter-like planet deflecting comets, and more (Ward & Brownlee 

2000). Astronomer Guillermo Gonzalez and philosopher Jay Richards went a step 

further in The Privileged Planet, arguing for a correlation between habitability and 

measurability:  the  same  conditions  that  make  Earth  habitable  (a  transparent 

atmosphere, a moon that just covers the Sun during total eclipses, a location away 

from the galactic center) also make it an unusually good platform for scientific 

discovery (Gonzalez & Richards 2004). They argue that this correlation is better 

explained by design than by chance.

Assessment. These arguments are weaker than cosmic fine-tuning in one respect: 

with an estimated hundreds of billions of stars in our galaxy and many billions of 

galaxies, the "probabilistic resources" available for producing a habitable planet by 

chance are enormous, and exoplanet surveys have shown that rocky planets in 

habitable zones are not rare. The planetary argument is therefore more contested 

than the cosmological one, and a careful apologetic case gives it less weight.
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7. Biology and the Information Argument

The biological arguments differ in kind from the cosmological ones. Fine-tuning 

concerns  the  laws  of  nature  themselves;  biological  design  arguments  concern 

whether the laws, once in place, can by unguided processes produce the complexity 

of life. This is where the debate is most contested, and where the scientific consensus 

most clearly sides with the critics. A responsible apologetic presentation must say so 

plainly, while still representing the arguments accurately.

7.1 The Origin of Life

Darwinian  evolution  explains  the  diversification  of  life  once  self-replicating 

organisms exist; it cannot, by definition, explain the origin of the first self-replicator, 

since  natural  selection  requires  replication.  The  origin  of  life  (abiogenesis)  is 

therefore a distinct problem.

The central difficulty, as framed by Stephen Meyer, is information. Even the simplest 

known free-living cells require hundreds of genes encoding proteins whose function 

depends on the specific sequence of their amino acids, and a translation system 

(ribosome,  transfer  RNAs,  synthetases)  which is  itself  encoded by the genes it 

translates (Meyer 2009). The "RNA world" hypothesis, in which RNA served as both 

genetic material and catalyst, is the leading attempt to break this circle. Its leading 

researchers  are  candid  about  its  difficulties:  the  prebiotic  synthesis  of 

ribonucleotides, their polymerization into long chains, and the emergence of a self-

replicating ribozyme remain unsolved problems (Robertson & Joyce 2012).

A striking concession comes from the evolutionary biologist Eugene Koonin of the 

U.S.  National  Center for  Biotechnology Information.  Koonin calculated that  the 

chance emergence of a minimal RNA-based replication-and-translation system in our 

observable universe is so improbable as to be effectively impossible, and proposed 

that an infinite multiverse arising from eternal inflation is needed to make it likely 

somewhere (Koonin 2007). The apologist's point is not that Koonin endorses design 

(he does not) but that a leading evolutionary biologist judged the naturalistic origin 

of life, within a single universe, to require probabilistic resources beyond what one 

universe supplies.

The synthetic organic chemist James Tour of Rice University has written extensively 

on what he regards as the overstatement of progress in origin-of-life chemistry, 

arguing  that  laboratory  "prebiotic"  syntheses  depend  heavily  on  intelligent 

intervention  by  the  chemist  (purified  reagents,  controlled  sequences  of  steps, 
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removal of interfering byproducts) and do not model plausible unguided conditions 

(Tour 2016; Tour 2017).

The other side of the ledger. Origin-of-life research has also produced genuine 

advances.  Powner,  Gerland,  and  Sutherland  (2009)  demonstrated  a  plausible 

prebiotic  route  to  activated  pyrimidine  ribonucleotides  that  bypassed  a  long-

standing obstacle, and subsequent "systems chemistry" work has broadened these 

routes. Critics of the design inference argue that the history of science warns against 

concluding "impossible" from "not yet explained".

7.2 The Rarity of Functional Proteins

Proteins are chains of amino acids that must fold into stable three-dimensional 

structures in order to function. Douglas Axe, working at the time at the Medical 

Research Council Centre in Cambridge, used mutagenesis experiments on a domain 

of the enzyme beta-lactamase to estimate the prevalence of functional folds among 

possible sequences. His published estimate was that roughly 1 in 1077 sequences of a 

150-residue domain would adopt a working fold of this kind (Axe 2004). Kirk Durston 

and  colleagues  developed  a  measure  of  "functional  sequence  complexity"  and 

applied it to 35 protein families, finding high information content in many (Durston 

et al. 2007). If functional folds are this rare, the apologist argues, a blind search of 

sequence space could not plausibly find new folds, and the origin of novel protein 

architectures in the history of life points to design.

The other  side  of  the  ledger. Critics  note  that  Axe's  estimate  concerned  a 

stringent requirement (a particular fold performing a particular function) starting 

from a  deliberately  destabilized  variant,  and  that  other  experiments  give  very 

different  numbers.  Keefe  and  Szostak  (2001)  found  ATP-binding  proteins  in  a 

random-sequence library at a frequency of about 1 in 1011. Protein biochemists such 

as Dan Tawfik have argued that proteins are more evolvable than Axe's figure 

implies,  because  many  functions  are  accessible  from  existing  folds  through 

promiscuous activities and stabilizing mutations (Tokuriki & Tawfik 2009). Whether 

the relevant number is closer to 10−77 or 10−11, and for which evolutionary questions 

each is relevant, is an active dispute.

7.3 Irreducible Complexity

The  biochemist  Michael  Behe  of  Lehigh  University  introduced  the  concept  of 

irreducible  complexity:  "a  single  system  composed  of  several  well-matched, 

interacting parts that contribute to the basic function, wherein the removal of any 

one of the parts causes the system to effectively cease functioning" (Behe 1996, p. 
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39). His examples include the bacterial flagellum (a rotary motor with a stator, rotor, 

drive shaft, and propeller), the blood-clotting cascade, and the vertebrate immune 

system. Behe argued that such systems cannot be produced "directly" by numerous, 

successive, slight modifications of a precursor, because any precursor missing a part 

would be nonfunctional and so invisible to natural selection.

In later work Behe turned to empirical limits on evolution. In The Edge of Evolution 

(Behe 2007) he examined malaria's resistance to chloroquine, which appears to 

require two or more specific mutations, and argued that such multi-mutation "steps" 

are rare even in enormous microbial populations. In a review article in the Quarterly 

Review of Biology, he surveyed laboratory evolution experiments and argued that 

the  adaptive  mutations  observed  are  overwhelmingly  loss-of-function  or 

modification-of-function mutations rather than gains of novel functional elements, 

which he called "the first rule of adaptive evolution" (Behe 2010).

7.4 Specified Complexity and the Design Inference

The  mathematician  and  philosopher  William  Dembski  formalized  the  design 

inference  in  The  Design  Inference,  published  by  Cambridge  University  Press 

(Dembski  1998).  His  "explanatory  filter"  proceeds  in  three  steps:  an  event  is 

attributed to law if it is highly probable given natural regularities; to chance if it is of 

intermediate probability; and to design if it is both highly improbable (complex) and 

conforms to an independently given pattern (specified). The combination, "specified 

complexity",  is  claimed  to  be  a  reliable  marker  of  intelligence,  as  it  is  in 

cryptography,  forensics,  archaeology,  and  the  search  for  extraterrestrial 

intelligence (SETI). Dembski proposed a "universal probability bound" of 1 in 10150, 

below which chance explanations should be rejected given the finite number of 

events possible in the observable universe.

7.5 The Genetic Code

The standard genetic code, which maps three-nucleotide codons to amino acids, is 

remarkably good at minimizing the effects of point mutations and translation errors. 

Freeland and Hurst estimated that it is better at error minimization than all but 

about one in a million randomly generated alternative codes (Freeland & Hurst 

1998). Apologists read this as evidence of foresight; evolutionary biologists read it as 

evidence of selection acting on the code early in the history of life. It is a good 

example of a datum both sides accept but interpret differently.
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7.6 The Weight of the Biological Arguments

It must be said directly: intelligent design in biology is rejected by the great majority 

of working biologists and by major scientific bodies, and a U.S. federal court held, in 

Kitzmiller v. Dover Area School District (2005), that it could not be taught as science 

in public school biology classes. The biological design arguments are therefore the 

most contested component of the case. Many Christian philosophers and scientists 

(including Collins) accept evolutionary biology and rest the design argument on 

cosmic fine-tuning rather than on gaps in biological  explanation.  The strongest 

version of the biological argument is not "evolution is false" but a narrower set of 

claims: that the origin of the first life, the origin of novel protein folds, and the origin 

of  the  genetic  information  for  major  innovations  have  not  been  explained  by 

unguided processes, and that intelligent causation is a known cause of functional 

information. Whether those claims succeed is examined in Section 10.11.

8. Mind, Mathematics, and the Intelligibility of 
Nature

A further strand of the cumulative case concerns not the physical parameters of the 

universe but its intelligibility. The physicist Eugene Wigner, in a celebrated essay, 

called "the unreasonable effectiveness of mathematics in the natural sciences" a 

"wonderful gift which we neither understand nor deserve" (Wigner 1960). Abstract 

mathematical structures, developed for their own sake, turn out to describe physical 

reality with astonishing precision, as with complex numbers in quantum mechanics 

or non-Euclidean geometry in general relativity.

The philosopher Thomas Nagel, an atheist, argued in  Mind and Cosmos that the 

materialist neo-Darwinian conception of nature cannot account for consciousness, 

cognition, and value, and that "the intelligibility of the world is no accident" (Nagel 

2012). Nagel does not infer a designer; he proposes a natural teleology. But his 

critique shows that the question of why the universe should be comprehensible to 

minds is taken seriously outside apologetics.

Alvin  Plantinga  adds  the  "evolutionary  argument  against  naturalism":  if  our 

cognitive  faculties  were  shaped  by  unguided  natural  selection,  which  rewards 

adaptive behavior rather than true belief, then the probability that those faculties 

are  reliable  is  low or  inscrutable;  so  a  naturalist  who believes  naturalism and 

evolution has a defeater for all his beliefs, including naturalism itself (Plantinga 

2011). The argument is controversial and has generated a large critical literature, 

but it illustrates how the design argument can extend from physics to epistemology.
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9. Synthesis: The Cumulative Case

The apologetic case, stated at its strongest, is not a single demonstration but a 

cumulative argument in which several independent lines of evidence converge.

• The contingency of the universe (Section 3.1) points to a necessary being 

as the ultimate explanation of why anything exists.

• The beginning of the universe (Sections 3.2 and 4) points to a cause that 

is beyond space, time, and matter, and the timeless-cause-with-temporal-

effect argument points to that cause being a free agent.

• The fine-tuning of the laws and constants (Section 5) points to that 

cause being intelligent and purposive, since among possible physical 

parameters it selected those that permit life.

• The low-entropy initial condition (Section 4.4) points to the same 

intelligence at the level of initial conditions rather than laws.

• The informational character of life (Section 7) is claimed as further 

evidence of intelligent causation, though this component is the most 

disputed.

• The intelligibility of nature and the reliability of reason (Section 8) are 

held to be better explained if nature and mind share a rational source.

Richard Swinburne frames the cumulative case in Bayesian terms: each piece of 

evidence  may,  individually,  raise  the  probability  of  theism  only  modestly,  but 

together they may make theism more probable than not (Swinburne 2004). He also 

argues that theism is a  simple hypothesis, positing one being with infinite (and 

therefore  unlimited,  non-arbitrary)  power,  knowledge,  and  freedom,  and  that 

simplicity is a mark of a good explanation in science as in philosophy.

The attributes inferred from the arguments form a coherent profile: a cause that is 

uncaused,  necessary,  timeless,  spaceless,  immaterial,  enormously  powerful,  

personal,  and  intelligent.  Apologists  argue  that  this  profile  coincides  with  the 

classical concept of God found in philosophical theism. Critics, as we shall see, 

contest nearly every step, and in particular the inference from "a first cause" to a 

being with this full set of attributes.
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10. The Atheist Perspective: A Structured Debate

This  section  presents  the  principal  objections  raised  by  atheist  and  agnostic 

philosophers and scientists. Each is stated in its strongest form, followed by the 

apologetic reply and then the critic's rejoinder. The aim is to represent both sides as 

their ablest defenders would, and to indicate where the debate currently stands. 

Where possible the objections are drawn from published exchanges, including the 

debate volumes Theism, Atheism, and Big Bang Cosmology (Craig & Smith 1993), 

God? A Debate between a Christian and an Atheist (Craig & Sinnott-Armstrong 

2004), Debating Design (Dembski & Ruse 2004), and Is God the Best Explanation of 

Things? (Rasmussen & Leon 2019).

10.1 The Principle of Sufficient Reason and Brute Facts

Objection. The  contingency  argument  depends  on  the  Principle  of  Sufficient 

Reason, but there is no good reason to accept it in its required strength. Some facts 

may simply be "brute", having no explanation. Russell's remark that the universe "is 

just there, and that's all" is not an evasion but a coherent metaphysical position. 

Graham Oppy argues that the naturalist can take the initial state of reality (or a 

necessarily existing initial physical state) as the terminus of explanation, and that 

this is no worse, and is in fact simpler, than positing a necessary God (Oppy 2006a; 

Rasmussen & Leon 2019).  Moreover,  the  van Inwagen–Bennett  modal  collapse 

argument suggests that a strong PSR proves too much.

Reply. Pruss (2006) argues that the PSR is presupposed by rational inquiry itself: if 

things can happen without explanation, we have no principled reason to trust that 

our perceptions are caused by the things they seem to represent, or to prefer any 

scientific explanation over "it just happened". He also shows that a restricted PSR 

(for contingent facts only) is sufficient for the argument and avoids modal collapse if 

explanation  need  not  entail  its  explanandum.  Against  Oppy's  "necessary  initial 

physical  state",  apologists  argue  that  physical  states  have  features,  such  as  a 

particular size, entropy, and set of constants, that seem paradigmatically contingent; 

it is hard to see why any physical configuration would be metaphysically necessary.

Rejoinder. Naturalists reply that the theist's God also has apparently contingent 

features (why create this universe?), and the appeal to free choice to break modal 

collapse  simply  relocates  the  brute  fact  to  a  divine  decision  that  itself  has  no 

sufficient reason. On this view the two sides are at parity, and naturalism is the 

simpler theory because it posits one less kind of entity.
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10.2 "Whatever Begins to Exist Has a Cause" and Quantum 
Indeterminacy

Objection. The causal premise of the kalam argument generalizes from experience 

within the  universe  to  the  universe  as  a  whole,  which  Hume warned  against. 

Moreover, quantum mechanics shows that some events, such as radioactive decays 

or virtual particle fluctuations, occur without deterministic causes. Quentin Smith 

argued that the universe may have begun to exist without a cause, and that the 

probabilistic character of quantum laws makes an uncaused beginning intelligible 

(Smith 1988). Adolf Grünbaum argued that the question "why is there something 

rather than nothing?" presupposes, without warrant, that "nothing" is the natural or 

default state requiring no explanation (Grünbaum 2004).

Reply. Craig replies that quantum events are not uncaused in the relevant sense. 

They occur within a pre-existing quantum vacuum governed by physical law, a rich 

physical state rather than "nothing"; they are indeterministic, but indeterminism is 

not the same as having no cause. The causal principle concerns  existence,  not 

deterministic  predictability.  Further,  the  principle  is  not  merely  an  inductive 

generalization but a metaphysical intuition, ex nihilo nihil fit ("nothing comes from 

nothing"), that is presupposed by science: if things could pop into existence without 

cause, it would be inexplicable why just anything and everything does not do so 

(Craig & Sinclair 2009).

Rejoinder. Critics answer that our intuition about "nothing" is formed in a world full 

of things and cannot be trusted at the boundary of all physical reality. Wes Morriston 

argued that the inference from "every thing that begins to exist within the universe 

has a cause" to "the universe itself has a cause" is precisely the move Hume warned 

against, and that the premise is weakest exactly where the argument needs it most 

(Morriston 2000).

10.3 Actual Infinites Are Coherent

Objection. Georg Cantor's set theory, the foundation of modern mathematics, treats 

actual  infinities as perfectly consistent.  The "absurdities" of  Hilbert's  Hotel  are 

counterintuitive, not contradictory: they arise because infinite sets can be put into 

one-to-one correspondence with proper subsets of themselves, which is simply what 

"infinite"  means.  There  is  no  logical  barrier  to  an  infinite  past  (Oppy  2006b; 

Morriston 2002). Moreover, the argument from successive addition seems to rest on 

a confusion: an infinite past has no first event from which to begin counting, so the 

objection "one could never have started" does not apply.
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Reply. Craig  concedes  that  actual  infinites  are  mathematically  consistent  in 

axiomatic set theory; his claim is that they cannot be instantiated in concrete reality. 

Mathematical existence is not the same as physical existence. On the successive-

addition argument, Craig argues that the lack of a first event only sharpens the 

problem, since then there is no point from which the series began to be formed, yet it 

is claimed to have been formed (Craig & Sinclair 2009).

Rejoinder. Oppy and Morriston reply  that  the argument  appears  to  assume a 

"tensed" (A-theory) view of  time on which the past was literally  built  up;  on a 

"tenseless" (B-theory) view favored by many physicists, all times exist equally and 

nothing is "traversed". Many philosophers of mathematics and physics regard the 

philosophical arguments against an infinite past as inconclusive, which is why the 

scientific evidence (Section 4) carries more weight in the contemporary debate than 

Craig's philosophical arguments.

10.4 The BGV Theorem Does Not Prove a Beginning

Objection. The cosmologist Sean Carroll, in a 2014 debate with Craig, argued that 

the BGV theorem is a result in classical spacetime; it says that classical description 

breaks down, not that the universe began to exist. Carroll noted that Alan Guth 

himself  believes  the  universe  is  "probably  eternal",  and  he  pointed  to  models, 

including the Carroll–Chen model and quantum-gravity proposals, that are past-

eternal. More generally, since we lack a theory of quantum gravity, no current result 

can establish what happened at the earliest times (Carroll 2014; Carroll & Chen 

2004; Aguirre & Gratton 2002).

Reply. Apologists respond that every past-eternal model proposed so far has faced 

serious objections (Section 4.5),  and that  the trend of  results,  including Wall's 

semiclassical extension of the singularity theorems (Wall 2013), points toward a 

beginning rather than away from it. Vilenkin (2015) has argued that the models 

Carroll cites either have a beginning or have a boundary where a quantum "creation" 

event  is  required.  Carroll's  appeal  to  a  future  theory,  apologists  argue,  is  a 

promissory note: the best current evidence supports premise (2), and a reasonable 

person should follow the best current evidence while remaining open to revision.

Rejoinder. Carroll responded that the best current evidence supports only the claim 

that  the  classical  description  of  the  early  universe  fails,  and  that  the  physics 

community itself  regards the question as open.  He also argued that  the entire 

approach of  looking for a "cause" of  the universe misunderstands how modern 

physics works: physics describes the universe by laws relating states, and a self-
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contained model need not have an external cause (Carroll 2014; Carroll 2005). On 

this view, if a consistent model of a past-finite universe can be written down without 

any external cause, then premise (1) of the kalam argument is simply not a principle 

that physics recognizes.

10.5 If Time Began with the Universe, "Cause" Is Incoherent

Objection. Causes precede their effects. If time itself began at the Big Bang, there 

was no "before" in which a cause could act. Hawking made this point with his famous 

analogy: asking what happened before the Big Bang is like asking what lies north of 

the North Pole (Hawking 1988; Hawking & Mlodinow 2010). Grünbaum argued that 

the notion of creation of time "out of" a timeless state is incoherent (Grünbaum 

2004).

Reply. Craig  argues  that  causation  need  not  be  temporally  prior;  it  can  be 

simultaneous (as a heavy ball resting on a cushion causes the depression in the 

cushion at the same time) or logically prior without temporal priority. On his view, 

the first cause is timeless "without" (sans) the universe and enters time at the 

moment of creation, and the first moment of time is simultaneous with the creative 

act (Craig & Sinclair 2009).

Rejoinder. Critics find the notion of a being that is timeless and then temporal hard 

to make coherent, and they note that the apologist here abandons ordinary causal 

intuitions, which were the basis for premise (1), precisely at the point where they 

would count against the argument.

10.6 Something from Nothing

Objection. Physicist Lawrence Krauss argued in  A Universe from Nothing that 

modern physics can explain how a universe arises from "nothing": empty space is 

unstable and produces particles; quantum gravity may allow space itself to arise; and 

the total energy of a flat universe may be zero, so no energy "input" is required 

(Krauss 2012). Stephen Hawking and Leonard Mlodinow argued that "because there 

is  a  law such as  gravity,  the universe can and will  create  itself  from nothing" 

(Hawking & Mlodinow 2010, p. 180).

Reply. Philosophers across the spectrum, including naturalists, have observed that 

Krauss's "nothing" is a quantum vacuum or a state described by the laws of quantum 

mechanics; that is, it is something. Hawking and Mlodinow's statement assumes a 

law of gravity and the framework of quantum mechanics in order to explain the 

universe's emergence, so it cannot explain why those laws exist or why anything 
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exists at all. Vilenkin himself, whose "creation from nothing" model Krauss draws 

upon, has acknowledged that his model presupposes the laws of physics and does not 

explain their origin (Vilenkin 2006).

Rejoinder. Defenders of  Krauss reply that the philosophical  notion of  absolute 

nothingness is empty and that the only "nothing" relevant to science is the one 

physics can describe. The argument then turns on whether the question "why are 

there laws at all?" is meaningful; many naturalists hold that it is not, or that the laws 

are simply the final brute fact.

10.7 Fine-Tuning and the Multiverse

Objection. The strongest naturalistic response to fine-tuning is the multiverse. If 

eternal  inflation  produces  an  enormous  (perhaps  infinite)  number  of  "bubble 

universes",  and  string  theory  permits  some  10500 different  vacuum states  with 

different effective constants (the "landscape"),  then some universes will  be life-

permitting by chance, and we necessarily find ourselves in one of them. This is the 

anthropic principle: observers can only observe conditions compatible with their 

existence  (Carter  1974).  Weinberg's  prediction  of  the  approximate  size  of  the 

cosmological constant on anthropic grounds (Weinberg 1987) is presented as a 

scientific success of this approach (Susskind 2005; Linde 1986; Tegmark et al. 2006).

Reply. Apologists offer five responses. (a) The multiverse generator itself requires 

fine-tuning. Inflation requires a field with the right properties, and string theory 

requires specific laws; the mechanism that produces many universes must itself have 

finely tuned features (Collins 2009). (b) The inverse gambler's fallacy. Ian Hacking 

and Roger White argued that the existence of many other universes does not make it 

more probable that this universe is life-permitting; inferring many universes from 

our fine-tuned one is like inferring that many dice games have been played from the 

observation of one double-six (Hacking 1987; White 2000). (c) The Boltzmann-brain 

problem. In many multiverse models, isolated self-aware "brains" fluctuating out of 

chaos  vastly  outnumber  observers  in  large  ordered  universes  like  ours;  if  the 

multiverse were true, we should expect to be such a fluctuation, which we have good 

reason to believe we are not (Dyson, Kleban & Susskind 2002; Albrecht & Sorbo 

2004). (d) Testability. George Ellis and Joseph Silk warned in Nature that multiverse 

proposals, being in principle unobservable, threaten the integrity of physics as an 

empirical  science  (Ellis  & Silk  2014;  Ellis,  Kirchner  & Stoeger  2004).  (e)  The 

measure problem. In an infinite multiverse, probabilities become ill-defined, so it is 

unclear what it means to say a life-permitting universe is "likely".

29



Rejoinder. Multiverse proponents answer that (a) the generator's features may be 

required by a deep theory rather than tuned;  (b)  the inverse gambler's  fallacy 

objection is disputed, since if we could only exist in a life-permitting universe, the 

relevant evidence is "some universe is life-permitting", which a multiverse does 

make more likely (Bostrom 2002 discusses this carefully); (c) Boltzmann brains are a 

problem for particular models and an active research constraint, not a refutation of 

the multiverse idea; and (d) the multiverse is not an ad hoc invention but a prediction 

of theories (inflation, string theory) that were developed for independent reasons. 

They add that the design hypothesis is at least as untestable as the multiverse.

10.8 Probability Objections to Fine-Tuning

Objection. Timothy McGrew, Lydia McGrew, and Eric Vestrup, themselves theists, 

pointed out a technical problem: if a constant could in principle take any real value 

from zero to infinity, there is no uniform ("normalizable") probability distribution 

over that infinite range, so talk of the "probability" of a life-permitting value is 

undefined (McGrew, McGrew & Vestrup 2001). Colyvan, Garfield, and Priest raised 

related  objections  and  argued  that  the  fine-tuning  argument  presupposes  a 

problematic notion of the "range" of possible values (Colyvan, Garfield & Priest 

2005).

Reply. Collins responds that the relevant probabilities are epistemic, not physical: 

they are restricted to an "epistemically illuminated range", the range of values for 

which we can actually determine whether life is possible, and within which the life-

permitting band is tiny. Within this finite range the normalizability problem does not 

arise (Collins 2009). Barnes (2012) adds that physicists routinely treat parameters as 

"natural" or "unnatural" within their theoretical ranges, so the argument uses a 

standard scientific concept.

Rejoinder. Critics answer that the choice of range and of probability measure is 

conventional, and that different reasonable choices yield very different results; the 

fine-tuning argument's conclusion is thus hostage to assumptions that cannot be 

independently justified (Friederich 2017 surveys this debate).

10.9 Fine-Tuning Is Overstated

Objection. Physicist Victor Stenger argued in The Fallacy of Fine-Tuning that many 

claimed fine-tunings dissolve when parameters are varied together rather than one 

at a time, and that his simulations of random universes found many capable of long-

lived stars (Stenger 2011). Fred Adams has shown that stars can function across a 

substantial range of parameter values, and that some alternative universes might be 
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more hospitable to life than ours (Adams 2008; Adams 2019). More generally, "life" 

might take forms very different from carbon-based life, so the life-permitting region 

may be much larger than claimed.

Reply. Luke Barnes  wrote  a  detailed technical  review in  response to  Stenger, 

arguing  that  Stenger's  analysis  contained  significant  errors,  varied  too  few 

parameters, and ignored constraints (for example, on the stability of atoms, the 

formation of structure, and chemistry) that are central to the physics literature 

(Barnes 2012). Barnes and Lewis argue that the relevant question is not whether one 

stellar constraint can be relaxed but whether the entire space of parameters has a 

small life-permitting region, and that the answer is clearly yes (Lewis & Barnes 

2016). On exotic life forms, apologists argue that fine-tuning concerns prerequisites 

for  any complex chemistry, such as stable atoms, long-lived energy sources, and 

structure formation, not merely for carbon-based life.

Rejoinder. Adams's work stands in the peer-reviewed literature as evidence that the 

degree  of  fine-tuning  is  less  than  sometimes  claimed,  especially  for  stellar 

parameters. Even sympathetic reviewers concede that the magnitude of fine-tuning 

varies greatly between parameters, and that the cosmological constant and initial 

entropy carry most of the argument's weight.

10.10 "Who Designed the Designer?"

Objection. Richard Dawkins argued that  design explains nothing,  because any 

designer capable of designing a universe must be at least as complex as the universe, 

and so would itself require an even greater explanation; the design hypothesis thus 

leads to an infinite regress (Dawkins 2006, ch. 4). Hume made a similar point: if the 

material world requires a cause, so does the mind of its designer.

Reply. Philosophers across the spectrum have noted that an explanation need not 

itself be explained in order to count as the best explanation. Archaeologists can infer 

that arrowheads were made by an unknown people without knowing who made the 

people. Moreover, apologists argue that the cosmological argument concludes to a 

being that is  uncaused and necessary, so the question "who made it?" rests on a 

category mistake. Swinburne argues that God is simple in the relevant sense: a 

single substance with unlimited properties, which is simpler than an arbitrary finite 

set of constants (Swinburne 2004). Plantinga contends that a mind is not complex in 

Dawkins's  sense,  which  conflates  complexity  of  knowledge with  complexity  of 

structure (Plantinga 2011).
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Rejoinder. Critics respond that it is unclear what "simplicity" means for an infinite 

mind that knows all truths, and that describing God as "simple" appears to be a 

stipulation rather than a discovery. The disagreement ultimately reflects different 

intuitions about what counts as explanatory simplicity.

10.11 Intelligent Design in Biology Is a "God of the Gaps"

Objection. The biological design arguments infer design from the  absence of a 

known naturalistic explanation, which is an argument from ignorance. Scientific 

history repeatedly shows gaps being filled. Specific claims have also been challenged 

in detail:

• The flagellum. Mark Pallen and Nicholas Matzke showed that the flagellum 

shares components with other bacterial systems, notably the type III 

secretion system, and proposed a stepwise evolutionary pathway by co-

option of parts from functional precursors (Pallen & Matzke 2006; Liu & 

Ochman 2007). Kenneth Miller argued that the "irreducibility" of a system 

does not preclude its parts having had other functions earlier (Miller 2004).

• Protein evolution. Bridgham, Carroll, and Thornton (2006) reconstructed the 

evolution of a hormone–receptor pair, showing a stepwise path to a new 

tightly coupled interaction. Keefe and Szostak (2001) and Tawfik's work 

(Tokuriki & Tawfik 2009) challenge Axe's estimate of protein rarity.

• Multi-mutation steps. Michael Lynch argued that Behe and Snoke's (2004) 

population-genetic model rested on unrealistic assumptions, and that more 

realistic parameters yield much shorter times for the evolution of new 

functions requiring multiple mutations (Lynch 2005). Richard Lenski's long-

term E. coli evolution experiment documented the evolution of a new ability 

to grow on citrate under aerobic conditions, which depended on earlier 

"potentiating" mutations (Blount, Borland & Lenski 2008).

• Specified complexity. Elsberry and Shallit (2011) argued that Dembski's 

concepts of specification and complex specified information are ill-defined 

and inconsistently applied, and that the explanatory filter cannot reliably 

distinguish design from evolutionary processes that combine chance with 

selection.

• Legal and institutional. In Kitzmiller v. Dover (2005), Judge John E. Jones III, 

after a six-week trial including testimony from Behe, concluded that 

intelligent design was not science. The Council of the Biological Society of 

Washington stated that Meyer's 2004 review article in its Proceedings had 

not met the journal's scientific standards and had been published without 

proper review.
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Reply. ID proponents answer that the design inference is not an argument from 

ignorance but from positive knowledge: in every case where we know the cause of 

large  amounts  of  new  functional  information,  such  as  software,  language,  or 

engineered machinery, that cause is intelligence (Meyer 2009; Meyer 2013). On the 

flagellum, Behe replies that showing that some parts are homologous to parts of 

other systems does not explain how the whole system was assembled by unguided 

mutation and selection, and that the proposed pathways are narrative rather than 

demonstrated.  On  Lenski's  citrate  result,  Behe  argues  that  it  involved  the 

duplication and rearrangement of an existing gene (and its promoter) rather than the 

origin of a new molecular machine, and so is consistent with his "first rule" (Behe 

2010). Proponents also note that Kitzmiller is a legal ruling about school curricula, 

not a scientific refutation, and that the philosopher of science Larry Laudan has 

argued that attempts to draw a sharp line between science and non-science have 

failed (Laudan 1983).

Rejoinder. Critics  answer  that  the  "positive  knowledge"  argument  compares 

biological systems with human artifacts, precisely the analogy Hume criticized, and 

ignores that living systems, unlike artifacts, reproduce with variation and are subject 

to selection, a known natural cause of functional information. They add that ID has 

not produced a research program yielding new, testable predictions comparable to 

evolutionary biology's, and that its predictions of "impossibility" have repeatedly 

been challenged by experiments.

10.12 Methodological Naturalism and the Scope of Science

Objection. Science by its nature seeks natural causes. Philosopher Robert Pennock 

argues that methodological naturalism is a defining feature of scientific practice and 

that appeals to supernatural design lie outside science by definition (Pennock 1999). 

Elliott Sober argues that the design hypothesis makes no specific predictions unless 

one adds auxiliary assumptions about the designer's goals and abilities, which we 

lack; hence the likelihood of the evidence under design cannot be assessed (Sober 

2003; Sober 2008).

Reply. Bradley Monton, an atheist philosopher of science, has argued that ruling 

design out by definition is a mistake: if the goal of science is truth, science should be 

free  to  follow  evidence  wherever  it  leads,  including  to  design  (Monton  2009). 

Laudan's critique of demarcation criteria supports this. On Sober's objection, Collins 

responds that the fine-tuning argument needs only a modest auxiliary assumption, 

that an intelligent, good agent would have reason to create a world containing 

embodied conscious beings, and that this is not ad hoc.
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Rejoinder. Sober replies that without independent knowledge of a designer's goals, 

any observation is  compatible  with design,  which makes the design hypothesis 

empirically empty. Monton himself, though he defends ID's status as a candidate 

hypothesis, does not find the arguments for it persuasive enough to accept theism.

10.13 The Gap from "First Cause" to God

Objection. Even if the universe had a cause and the laws are fine-tuned, it does not 

follow that the cause is the God of classical theism. J. L. Mackie argued that the 

cosmological argument, at most, establishes some first cause, perhaps impersonal, 

perhaps  multiple;  Hume  noted  that  a  design  argument  cannot  establish  the 

designer's  unity,  perfection,  or  goodness  (Mackie  1982).  Nicholas  Everitt  and 

Herman Philipse press the point that the cumulative case never closes the gap 

between "a powerful cause" and "an omnipotent, omniscient, perfectly good being" 

(Everitt 2004; Philipse 2012).

Reply. Apologists grant that no single argument establishes all divine attributes, 

which is why the case is cumulative. The  kalam argument, they claim, yields a 

personal cause (Section 3.2); the Leibnizian argument yields a necessary being; the 

fine-tuning  argument  yields  intelligence  and  purpose;  and  considerations  of 

simplicity (Ockham's razor) favor one such being rather than many (Swinburne 

2004; Rasmussen & Leon 2019). Pruss (2009) offers additional arguments that a 

necessary being would have to be unlimited in power and knowledge.

Rejoinder. Critics  argue  that  the  arguments  for  each  attribute  are  separately 

contestable, and that the combination of attributes ("timeless yet acting, immaterial 

yet causally efficacious, personal yet non-physical") faces coherence problems of its 

own. They also press the problem of evil as evidence against the goodness of any 

designer, a debate beyond the scope of this paper.

10.14 Poor Design

Objection. If life were designed, we should expect optimal design. Instead, we find 

features that look like evolutionary compromises: the vertebrate eye's "backward" 

retina with its blind spot, the recurrent laryngeal nerve's detour around the aorta 

(extreme  in  the  giraffe),  and  large  amounts  of  apparently  nonfunctional  DNA 

(Dawkins 2009).

Reply. Apologists  answer  that  design  does  not  imply  optimality  by  any  single 

criterion;  engineers balance competing constraints.  Research on the vertebrate 

retina has identified functional reasons for its arrangement, including the role of 
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Müller glia cells, which act as living optical fibers guiding light to the photoreceptors 

(Franze et al. 2007). Moreover, "suboptimal" design would count against design only 

given specific assumptions about the designer's goals, precisely the assumptions 

Sober says we lack.

Rejoinder. Critics answer that the apologist cannot have it both ways: if we cannot 

know the designer's goals well enough to predict poor design, we cannot know them 

well enough to predict good design either, which returns us to Sober's objection. The 

dysteleology  argument  is  most  powerful  when  combined  with  the  evidence  of 

common descent, which explains the observed pattern of "compromise" features 

naturally.

10.15 A Summary of the Debate

Issue Apologetic position Atheist/agnostic 
position

Current state of the debate

Principle of 
Sufficient 
Reason

Presupposed by rational 
inquiry; restricted form 
avoids modal collapse

Brute facts are 
coherent; theism 
relocates the brute fact

Philosophical stalemate; turns 
on intuitions about explanation

Causal 
premise

Nothing comes from 
nothing; quantum events 
are not uncaused

Intuition unreliable at 
the boundary of reality

Contested; depends partly on 
philosophy of causation

Actual 
infinites

Cannot exist in concrete 
reality

Mathematically 
coherent; no 
contradiction

Philosophical arguments widely 
regarded as inconclusive

Cosmic 
beginning

Supported by BGV, 
singularity theorems, 
thermodynamics

Classical results; 
quantum gravity may 
remove the beginning

Best current evidence supports a 
finite past for our expanding 
phase; ultimate question open

Fine-tuning 
(fact)

Real and extreme for Λ 
and initial entropy

Real but sometimes 
overstated

Broad agreement that fine-
tuning exists; disagreement on 
magnitude for some parameters

Fine-tuning 
(explanatio
n)

Design; multiverse faces 
serious problems

Multiverse, deeper 
law, or brute fact

Open; the most active area of 
the debate

Biological 
design

Origin of life and new 
information unexplained

God-of-the-gaps; 
evolutionary 
mechanisms suffice

Scientific consensus rejects ID; 
origin of life acknowledged as 
unsolved

From first 
cause to 
God

Cumulative case yields a 
unified personal being

Gap between "first 
cause" and God not 
closed

Depends on the success of the 
cumulative case

11. Assessment

A fair-minded assessment of the debate yields a nuanced verdict.
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Where the apologetic case is strongest. The strongest parts of the case are those 

that  rest  on  well-established  physics  and  on  questions  naturalists  themselves 

recognize as open. The evidence that our expanding universe has a finite past is 

strong, even if its ultimate interpretation depends on unsolved quantum gravity. 

Fine-tuning,  especially  of  the  cosmological  constant  and  the  initial  entropy,  is 

acknowledged  by  physicists  of  every  persuasion  as  a  real  problem  requiring 

explanation, and the principal naturalistic alternative, the multiverse, faces serious 

unresolved difficulties of testability, measure, and Boltzmann brains. The Leibnizian 

question of why anything exists at all is not answered by physics, and the naturalist's 

appeal to brute fact is, at minimum, not obviously superior to the theist's appeal to a 

necessary being.

Where the case is most contested. The biological design arguments stand in 

tension with the consensus of the biological sciences, and several specific claims 

(such as the irreducibility of the flagellum and particular estimates of protein rarity) 

have been seriously challenged in the peer-reviewed literature. These arguments are 

best understood as a claim that certain origins, especially of the first life, remain 

unexplained, rather than as a refutation of evolutionary biology. The philosophical 

arguments  against  an  infinite  past  are  regarded  by  many  philosophers  as 

inconclusive, and the inference from "a first cause" to the full profile of classical 

theism requires additional argument.

What the debate reveals. At its deepest level,  the disagreement is not about 

scientific data, which both sides largely accept, but about explanatory principles: 

whether everything contingent needs an explanation; whether an infinite past or 

brute initial state is acceptable; whether a mind is a simple or complex explanatory 

posit;  and  whether  science  should  be  defined  to  exclude  design.  These  are 

philosophical questions, and the science, while relevant, cannot settle them alone. 

The apologist's legitimate claim is that the scientific discoveries of the last century, 

especially a cosmic beginning and fine-tuning, have made theism  more plausible 

than it appeared to many in the nineteenth century, and have placed the burden on 

naturalism to explain features of the universe it once did not need to address. The 

atheist's legitimate claim is that these features can be accommodated by naturalistic 

hypotheses at least as coherent as theism, and that the history of science counsels 

patience before inferring a supernatural cause from current ignorance.

The  philosopher  Antony  Flew,  for  decades  one  of  the  most  prominent  atheist 

philosophers, announced in 2004 that he had come to accept the existence of a 

deistic God, citing primarily fine-tuning and the problem of the origin of life (Flew & 
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Varghese 2007; the extent of Flew's own role in writing that book has been debated). 

His  case  illustrates  both  the  force  of  the  arguments  and  the  limits  of  their 

conclusions: Flew's conversion was to a philosophical deism, not to any specific 

religion, which is roughly as far as the arguments surveyed here, taken on their own, 

can reach.

12. Conclusion

The cosmological argument asks why anything exists and why the universe had a 

beginning; the design argument asks why that universe is fitted for life and mind. 

Modern science has given both questions new force. The evidence that our universe 

had a beginning, from the expansion of space through the Borde–Guth–Vilenkin 

theorem  and  the  thermodynamics  of  its  low-entropy  origin,  supports  the  key 

empirical premise of the  kalam argument, while leaving open what a completed 

quantum theory of gravity might say. The fine-tuning of the laws, constants, and 

initial conditions presents a genuine explanatory problem that physicists of every 

worldview acknowledge. The biological arguments, while more contested, highlight 

the  unsolved  problem of  life's  origin  and  the  informational  character  of  living 

systems.

The  atheist  critique  shows  that  none  of  these  arguments  is  a  proof  in  the 

mathematical sense. Each premise has been challenged by capable thinkers, and the 

debate over the multiverse, the Principle of Sufficient Reason, and the scope of 

scientific explanation remains unresolved. What the argument does establish, when 

stated carefully and without exaggeration, is that belief in a transcendent, intelligent 

cause of the universe is a rationally defensible position that engages the best of 

contemporary  science,  and that  the  question  it  addresses,  why there  is  a  life-

permitting universe at all, remains among the deepest in philosophy and science 

alike.
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