Executive Summary

Franklin provides an introduction to the epistemology of science for the educated non-
specialist. He crashes into and through the problem of induction in his first chapter, though
comes back to explore the major opponents of scientific realism ancient and modern in chapters
two and three. Franklin first notes Donald Williams and David Stove explained how to reduce
inductive inference, from sample to population, to the proportional syllogism, as follows:

. “The vast majority of large samples resemble the population
. This is a large sample
. So, this sample resembles the population.”

The premises give good, though not conclusive, reasons for believing the conclusion, as a
matter of logic. However, since the Golden Age of Greece, c. 500 BCE, scepticism about
science has existed.

. Doubt about a real world beyond the individual to be investigated.
. Doubt that if there is a real world that it can be known objectively.
. Doubt that language can communicate objective facts.

To these ancient sceptical themes can be added three more modern attacks on science.

. Doubt that the relation of evidence to conclusion is logical, seeing it instead as
conclusions “underdetermined” by evidence, with the gap filled by politics or wishful thinking.

. Confuse ethics with logic, taking the misuse of science as an argument to disbelieve the
science.

. Replace science with politics. Authoritarian claims of scientific truth are as political as
other politics and should be confronted in the political realm.

These later three attacks are typically known as “postmodern.” The postmodern attack came in
the 20th century in two waves. The first wave was spearheaded by Popper, Kuhn, Lakatos, and
Feyerabend, who directly challenged the relationship between evidence and conclusion. The
second wave was more diffuse, drawing on linguistics-based humanities with a sociology of
science strand that aimed to substitute sociology for the logic and philosophy of science. In the
first wave, Popper proposed the falsifiability criterion would demarcate science from non-
science (Marxism, metaphysics, and so on). Scientists liked the theory, but philosophers were
more sceptical.

After looking at the critics, Franklin turns to take a classical approach to establishing a solid
foundation for science, starting with Aristotle. Science can learn from language, not just be set
at odds with it. This meshes with Franklin as a common-sense realist philosopher in the
majority tradition of western thought. Franklin describes the ideal classificatory scheme as one
which defines “natural kinds” which carve “nature at the joints.” Franklin raises the traditional
“problem of universals” at this point. Next he moves to the physical sciences, hence biology
and cognition. Only then does he consider the powerful case of mathematics and its few
“enemies.” One of the most interesting chapters of the book is the one addressing new “formal
sciences.” Likewise, there is an engaging chapter on types of probability and risk.



After that backbone, the book concludes with four miscellaneous chapters, viz: are the social
sciences sciences, actually existing science, the complexity obstacle to knowledge, and is that
all there is? Yes, the social sciences are sciences. Science in practice is less ethical than in
theory. Complexity is not always a barrier to knowledge. There are important questions beyond
the purview of science in cognition and ethics.

Chapter 1 Evidence

“Logically speaking, there are three potential problems with establishing ... simple
generalizations (like “all ravens are black’):

e Do we have our classifications and concepts straight, so that we know definitely what
potential new instances are or are not ravens and black?

e Have we established how we know by perception a single instance, ‘This raven is
black’?

e How do we manage to make the leap of ‘inductive’ inference from ‘all the (finite
number of) observed ravens have been black’ to ‘all ravens (including unobserved and
future ones) are black’? Are we justified in doing so, and, if so, with what degree of
confidence?”

The Objective Bayesian View of Evidence (aka Logical Probabilism)

On the Objective Bayesian view, the relation of uncertain evidence to conclusion is purely
logical. It stands in contrast with deductivism, which holds that all logic is deductive. Objective
Bayesians allow for uncertainty within logic, whereas deductivists demand logic function
deterministically and formally. Objective Bayesians make use of a non-deductive logic, a logic,
but not a deductive one, tracing logical probability, partial implication, between a body of
evidence and a hypothesis it supports or confirms but does not strictly deductively imply.

The existence of this logic is disputed, but there is good evidence for it. Jurors, scientists, and
others assume it in debates between them. The “Statistical Syllogism” — 99.9% of men are
mortal; Socrates is a man; so, Socrates is mortal — is not deductive, but is a strong case
nonetheless. “The fundamental inductive pattern” — q is a (non-trivial) consequence of
hypothesis p; g is found to be true; so, p is more likely to be true than before — makes a strong
case and is practical as well. Experimental mathematics appears to work by non-deductive
logic. “Inference to the best explanation” also proves to be non-deductive and logical.

“Some people have a psychology that makes them describe as half-empty a glass that others
think of as half-full. In the same way, some philosophers of science never manage to move
beyond the shocking discovery that induction is fallible to ask seriously why it mostly works.”
Donald Williams and David Stove explained how to reduce inductive inference, from sample
to population, to the proportional syllogism, as follows:

e “The vast majority of large samples resemble the population
e Thisis a large sample
e S0, this sample resembles the population.”



The premises give good, though not conclusive, reasons for believing the conclusion, as a
matter of logic. That “the vast majority of large samples resemble the population” is a necessary
truth of mathematics, needing no appeal to other features of the world, or reasoning.

Hume protests that inductive arguments for the validity of inductive reasoning are circular and
so invalid. Franklin thinks the flaw in Hume’s argument is the assumption that probable, i.e.
non-deductive, reasoning must rely on knowledge of cause and effect (or other contingent
facts). He holds up the statistical syllogism (above) as a counterexample: non-deductive but
based on a necessary, not contingent, fact about large samples. He (plausibly) claims such
counterexamples are numerous.

Inference to the Best Explanation

With inference to the best explanation, one needs to think of a theory first, then deduce what
observations are implied by the theory in order to test them. These “abductions” are like
inductions in having no logical guarantee the proposed explanation is the only or even the best
one. Although less certain that induction, abduction is normally considered rational in clear
cases. How much more then should induction be considered rational?

Chapter 2 Enemies of Science: Early
Since the Golden Age of Greece, c. 500 BCE, scepticism about science has existed.

e Doubt about a real world beyond the individual to be investigated.
e Doubt that if there is a real world that it can be known objectively.
e Doubt that language can communicate objective facts.

To these ancient sceptical themes can be added three more modern attacks on science.

e Doubt that the relation of evidence to conclusion is logical, seeing it instead as
conclusions “underdetermined” by evidence, with the gap filled by politics or wishful
thinking.

e Confuse ethics with logic, taking the misuse of science as an argument to disbelieve the
science.

e Replace science with politics. Authoritarian claims of scientific truth are as political as
other politics and should be confronted in the political realm.

These later three attacks are typically known as “postmodern.”

The postmodern attack came in the 20" century in two waves. The first wave was spearheaded
by Popper, Kuhn, Lakatos, and Feyerabend, who directly challenged the relationship between
evidence and conclusion. The second wave was more diffuse, drawing on linguistics-based
humanities with a sociology of science strand that aimed to substitute sociology for the logic
and philosophy of science.

In the first wave, Popper proposed the falsifiability criterion would demarcate science from
non-science (Marxism, metaphysics, and so on). Scientists liked the theory, but philosophers
were more sceptical. Philosophers noted that in the “real world of theory” hardly anything is
strictly logically incompatible with anything else, especially observation reports. Complex
auxiliary hypotheses can harmonise new evidence with current theory. But Popper faces other
problems, the greatest of which is that neither less falsifiable nor more falsifiable theories



deserve greater credence in his view. But something can be said about this under Objective
Bayesianism. There is something right about Popper’s insight. A theory that makes a risky
prediction is much more likely to be true if the prediction is true. That follows from a theorem
of logical probability.

After Popper came Kuhn, who popularised a view of science as sequential revolutions rather
than a growth in knowledge. He used a cute technical term, “paradigm.” But this word doesn’t
make up for the failings in his theorising. Franklin cites Fukuyama in The End of History: “The
cumulative and progressive nature of modern science has been challenged by Thomas Kuhn,
who has pointed to the discontinuous and revolutionary nature of change in the sciences. In his
most radical assertions, he has denied the possibility of ‘scientific’ knowledge at all, since all
‘paradigms’ by which scientists understand nature ultimately fail.”

Franklin observes that “no later opponent of science matched Kuhn in popularity.” He mentions
Lakatos and Feyerabend as the nearest approximations.

Chapter 3 Enemies of Science: Postmodernist

Popper would not be considered postmodernist by most writers. Postmodernists proper came
later in the 20" century and are more defined by an attitude of scepticism about truth claims.
More than just being suspicious, postmodernists—a broad school—are also unteachably
suspicious, critiquing any attempt to defend or promote a truth claim as motivated by a party’s
own interests: “You only argue that way because it’s convenient for you to believe that.” The
postmodernist is not like this accidentally, but deliberately, and congratulates themselves on
being so.

Franklin opines that the “motivation [for postmodernism] does not lie in argument but in the
more primitive moral responses, resentment and indignation.” Postmodernists see themselves
as the force of justice transgressing a corrupt status quo.

According to Franklin and many others, Derida, Lacan and other postmodernists write in no
natural language, only having the appearance of doing so, whereas they are actually writing
literal nonsense. This was tested empirically once in the Sokal Hoax. Alan Sokal had accepted
for publication in Social Text an article in the postmodern style that he knew was nonsense, but
the editors took as submitted in all seriousness (as serious as postmodern thought ever is).

The basic argument behind linguistic and sociological attempts to undermine scientific
knowledge is the claim that we cannot know things as they are in themselves. David Stove
thought this the worst argument in the world. In brief, “We have eyes, therefore we cannot
see.” Our organs for seeing are ours so all our seeing is corrupted by being our own perspective.
“The mere fact that a theory is accepted is a reason for not accepting it.”

Chapter 4 The Furniture

Science is communicated in natural language. Certain properties of language interact with
descriptions of scientific fact. A cat is a linguistic category, but also a genetic one. Aristotle
saw ten categories of things, which still hold good today.

1. Substance (individual things or stuff, or kinds of them)
2. Quantity
3. Quality



Relation

Place

Time

Position (i.e. the relative position or parts of the object)
State (e.g. clothed or sleeping)

. Action

10. Affection (being affected)
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Franklin writes: “One would expect that science might cast some light on the list of categories,
or at least not be constrained to accept uncritically the ‘folk categories’ of natural language.”
This is true, but only rarely so. He offers the example of eighteenth century studies of heat. It
was discovered not to be a substance as thought from antiquity, but rather more like work or
action. Famously, light is in some sense both a substance and a wave. It’s hard to categorise.
Even harder is the active ingredient in plants that lead them to flower. Sixty years of scrutiny
seeking a substance drew blank. Some other mechanism must be responsible, though there have
been recent attempts to find a substance again.

Science works with categories, or classification schemes. This is integral to its rationality. But
it’s more easily said than done. There are the examples above, but Franklin also gives another
example. The black swans of Australia, could have been called swimming ravens to maintain
existing assumptions in categories, but to transgress others. It is important to get classifications
correct in order to further knowledge in a way that is not simply arbitrary.

Avrtificial intelligence works with classification schemes so that robins falling under the higher
order classification of birds inherit their properties. Since birds usually fly, robins, being birds,
will probably fly. This is non-deductive logic, but it is logical relationship nonetheless.

Franklin reports that of “tortoiseshell”, “cat,” or “mammal,” human psychology across cultures
finds the middle reference most apt. This matches biological preference with “species”, but
also the artificial world of furniture: easy chair,” “chair,” and “furniture.” He concludes that
lower and higher order classifications are not quite our natural language, but one (or more)
borrowed from Latin and Greek. Ideally then, there is a relationship between science and
natural language in which it can be communicated, but there are limitations on how far this
proves to be practicable. But imperfect communication is not no communication, as the ancient
sceptics of science had it.

Franklin describes the ideal classificatory scheme as one which defines “natural kinds” which
carve “nature at the joints.” He gives an example of cats and mice, where the properties of each
are so numerous and different, there is nothing artificial about making the distinction. Another
element of the rationality of induction arises. With Franklin’s example of ducks, if enough
properties of a typical duck are present, we can infer that we may well be dealing with a duck.
Numerical taxonomy and cluster analysis are quantitative methods derived from these insights.

Franklin raises the traditional “problem of universals” at this point. Are the properties shared
by members of a class actually real? Franklin claims both common sense and advanced science
support the reality of properties, not just the things that possess those properties. Franklin offers
a couple of arguments in support of the reality of universals, ending with the fact that we can
speak of relations between colours, which is to talk about things that are universals, not just
properties of objects.



Franklin wants to show what kind of intellectual contextual work needs to be done when doing
science. Some is uncontroversial, other things are difficult, which comes with controversies.
The problem of universals is better resolved in the twenty-first century than it was a couple of
centuries ago.

Causation also remains a central part of the scientific programme. The most general physical
laws do not mention causes, but the causes are implicit in the formulae. At the level of applying
science, technology is explicitly all about intervening to effect or prevent change.

Common sense is an important element of rationality. Franklin observes that science in large
part agrees with common sense regarding the three dimensional flat nature of space, or four
dimensional if time is included as an extra orthogonal dimension. Also importantly, the laws
of nature are invariant with respect to time and space. Wherever and whenever you are, the
laws will be the same, which is why we’re interested in them. Underlying it all however is the
relation of closeness or continuity In causation. It is only on adjacent objects that causal
processes operate.

There were some small refinements of Newtonian physics in the twentieth century, but
Einstein’s relativity is actually more intuitive than Newton, quantum mechanics is where the
truly non-intuitive results are found, but here too, less than is often made of them. The
generalisations contemporary science works with are the discrete nature of matter and energy,
but not the discrete nature of space and time. They seem to be continuous, down to the most
refined level of observations we have. Is space real, or just a way of thinking about distance?
By and large, science seems to point to a realist view of space, but finds time a more challenging
question.

Franklin summarises: “While science is largely in agreement with common sense and our
grammatical categories when it comes to the basic furniture of the world, it has made, in the
course of time, certain adjustments to the ‘manifest image’ of the world. In certain, though
limited, respect, ‘folk’ concepts have turned out to be inadequate.” Where folk concepts are
inadequate, science needs to introduce new ones, and has successfully done so.

Chapter 5 The Physical Sciences

The natural sciences come in two classes: the first of mid-range things and stuff—chemistry,
zoology, agriculture, anatomy, neuroscience, ornithology, etc.—and the second of the very
small and very large—a class comprised of fundamental physics alone. The first class, by virtue
of its reasonable size, can be observed and measured with incremental knowledge. The second
class faces a stretching at both ends of investigation: theory is very abstruse and mathematical,
and observation is very expensive. Other barriers to knowledge are the past and complexity
which render subjects of scientific study remote to investigation.

Physics is, in a sense, the canonical science, applying to all material things. Its purview includes
the largest, smallest, and oldest things. All engineering is based on physics and it is considered
the foundation of all other sciences. Other sciences can, in a sense, be reduced to physics. Two
methodologies are characteristic of some physics: precision measurement and thought
experiments.

Quantum mechanics [QM] is the cutting edge of progress in physics. Franklin notes that it
therefore attracts a lot of interest from philosophers of science. It is a discipline with a wide



scope of well confirmed results. However, it is still hard to interpret and subject to debate
between its expert practitioners. Franklin makes the striking evaluation that “the QM industry
[should] go away and report back to the rest of the intellectual world when they have sorted it
out.” Franklin discusses in more detail the sort of thing he’s looking for by giving a very
abbreviated description of quantum mechanics.

Having touched on the very small, the other side of the physics monopoly is the very large.
Much is unknown (we can’t even see all the universe), but much is known about our solar
system in particular. We also see millions of galaxies per square degree of sky, each containing
billions of stars, and receding from one another at a rate consistent with a Big Bang 14 billion
years ago. Yet again, we only see 4% of what we should see if current theories are correct, the
rest is cast as dark energy and dark matter. That’s more like a speculation plugging a hole than
real knowledge.

Chapter 6 Biology and Cognition

There is an enormous amount known to biology these days, but there is still an enormous
amount yet to be known. An example of something we still don’t understand is sleep. Humans
and animals both need sleep. One hypothesis is that dreaming helps store memories, but there
is still inadequate observational support for it. Indeed, it’s quite possible REM and non-REM
sleep have different purposes to one another, and to storing memories. Nonetheless, our best
observations so far only show degradation of memory with deprivation of sleep. Franklin cites
a review article: “despite a steady accumulation of positive findings over the past decade, the
precise role of sleep in memory and brain plasticity remains elusive.”

Biology faces obstacles peculiar to itself. Two of these are variability of what is studied and
complexity of organisms. The first has been easier to negotiate. Complexity has remained
stubbornly difficult to deal with. Perhaps the most complex biological subject of study is the
human mind, but artificial intelligence programmes have failed to deliver what must
enthusiasm and financial investment hoped for them. This leaves us, according to Franklin
asking, “if an artificial mind cannot be produced, there is no choice but to infer the machinery
and workings of real ones by observing what they can do.”

Studying the brain has not been all doom and gloom. A clever experiment (Sheppard and
Metzler) used pictures of objects that were or were not three dimensional rotations of each
other to show the brain is wired to do such tasks. Neural net machine learning has also been a
success, with facial recognition, and some game programmes.

Child development is another area in which much progress has been made. Franklin says truly,
“babies are very smart.” Born knowing little, in only a couple of years they learn to walk and
talk, largely self taught. More subtly, they solve the major philosophical questions: existence
of the external world, other minds, personal identity, induction and evidence, language, ethics.
They can also count, distinguishing between two and three syllable words, even when only a
few days old.

Chapter 7 Mathematics

Franklin, a mathematician, says “mathematics is the gold standard of knowledge.” What is
distinctive is that it is proven true, and once proven, stays proven. Proofs show why particular
results in mathematics just have to be true. To illustrate his point he starts with a graphical



proof of the commutativity of multiplication, at least with the products of 2 and 3. Why 2 x 3
and 3 x 2 total to the same product can be read straight of the diagram, needing no words, just
the concepts 2, 3, X, and =. Nonetheless, Franklin points out the perversity of our age that there
are still people willing to be sceptical about mathematical truth. Even Bertrand Russell and
Einstein contributed to this non-realist view. Einstein said, “as far as the propositions of
mathematics are refer to reality, they are not certain; and as far as they are certain, they do not
refer to reality”. Franklin comes down contrary to Russell and Einstein and states that
mathematics studies the real world, specifically structure or pattern in the real world. Thinking
these words “structure” and “pattern” to be too vague, Franklin zeroes in on two more easily
appreciated, although very abstract, notions: symmetry and ratio. Franklin offers a very simple
introduction to symmetry, but also speaks of the higher reaches in the composition of
operations that is the basis of group theory, and beyond group theory to all abstract algebra.

Franklin offers an “Anna Karenina principal” of circles. “All perfect circles are alike; each
imperfect circle is imperfect in its own way.” One way in which all perfect circles are alike is
that it is exactly = times as far around them as it is across. This isn’t symmetry but ratio. The
ratio of circumference to diameter is always the same: w. Having looked at symmetry and ratio,
albeit briefly, Franklin goes on to the particularly epistemologically significant place of proof
in mathematics, before returning to give an introduction to big themes in maths, viz. discrete
and continuous, local and global, simple and complex.

Franklin has already touched several times on proof and its special relation to mathematics.
Here he gives extended treatment of how proof is what makes mathematics different to the
other sciences. In physics, biology, and economics, results arise from observations in
experiments. Mathematics produces results via pure thought. Franklin provides an example
from adding the numbers 1 to 100. Then he offers three advantages proofs have over simply
finding an answer.

1. You understand the whole process.
2. 'You have certainty about results.
3. ltis easy to generalise.

The ancients saw mathematics as the “science of quantity,” but also broke that down into two
kinds: the discrete (arithmetic), and the continuous (geometry). This distinction still reigns in
contemporary mathematics, seen in algebra (discrete) and calculus (continuous). This ancient
discovery of two kinds of quantification arose from the failure to find a common length
measuring the side and diagonal of a square. Franklin lays out this example in detail, with
words and diagrams and pronumerals rather than with numbers. The ancient Greeks made two
major breakthroughs: the discovery of arithmetic and geometry, and the distinction between
them; and secondly, the discovery that the continuous (geometry) sometimes naturally gives
rise to the discrete (arithmetic). Not only that, but they had three applied branches of
mathematics: two arising from geometry—astronomy and optics—and one arising from
arithmetic—music. Like music, modern science has found practical applications of small
integer ratios within continuous media. Dalton’s atomic theory of matter is one example, and
indeed the whole periodic table of elements owes its array to being discrete solutions to the
Schrédinger equation. Franklin offers a more extended example in Gregor Mendel’s
experiments with genetics.



Mathematics is well understood to apply to the world via measurement, but how else? The
second most common way is via mathematical modelling. Franklin gives a compound interest
formula and stresses that it expresses local structure. If a bank is calculating total interest,
however, it will add a sequence of such formulae, giving a global structure, an exponential
growth curve. Models can be approximations—Ilike population growth—or exact
representations—Ilike Euler’s bridges. Franklin moves on to partial differential equations,
which are powerful and useful tools, especially when well behaved, but cause difficulties when
complex.

Chapter 8 Enemies of Mathematics

Mathematics is an awesome foe, so it is unsurprising that Franklin at first mentions only
Lakatos as having taken the field to challenge the success of the proof system that undergirds
mathematical knowledge. Franklin rests somewhat on David Stove’s critique of Lakatos,
especially his use of scare quotes around the word “proof™ to deprive it of its essential meaning.
But it is not only Lakatos who tilted at mathematics. Sokal and Bricmont have a whole chapter
of examples of postmodernists who garble mathematical jargon, typically to some ostensibly
political conclusion. However, these examples are rather lightweight attacks on mathematics,
more like misuses of it. Serious critique, like that of Lakatos, comes down to Rotman’s
Mathematics as Sign and Paul Earnest’s Social Constructivism as a Philosophy of
Mathematics. Franklin suggests these works are not so far removed from rationality as their
titles suggest, putting it down to mathematics forcing even critics to be somewhat more rational
than they would be in other subject areas. Neither book really put mathematics in doubt in the
public imagination.

The fair criticism of mathematics comes down to two arguments in three paragraphs of
Earnest’s book. The second argument is that all proofs go back to axioms which are unproven,
hence dubitable. But most would say that axioms look very much to be self-evident. The first
argument claims that axioms change with place and time. This would be a powerful argument
against building mathematics on proof, as the axio-deductive system does, only it’s not true
that the axioms change.

In the penultimate paragraphs of this chapter, Franklin admits that there was one time
mathematics changed its axiomatic system: when accounting for non-Euclidean geometry.

Chapter 9 The Formal Sciences

Operations Research (OR) is a formal science that seeks solutions to problems that can be
modelled mathematically. An early OR programme sought to raise the kill ratio against U-
boats in the Bay of Biscay. It was very successful, raising kills from 2—3 percent to 40 percent.
Bin packing is an OR task now run in warehouses.

Control Theory (CT) is another formal science. It aims to adapt a system, say manufacture, to
a desired end, for example by minimizing the difference between such a desired end and present
outputs. CT has been the source of two neologisms: “feedback™ and “trade-off.”

There are a number of data management techniques that count as formal sciences: descriptive
statistics, pattern recognition, data mining, data visualisation, sign processing, and numerical
taxonomy. Products of this technology have even more diverse names. Franklin gives as
examples “neural net to predict parolee recidivism” and “adaptive fuzzy logic classifier.” But
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it’s not just the exotically named that belong in the formal science category. Statistics usually
refers to probabilistic inference from sample to population. This is not formal science as we’ve
defined it, but is finding structure in data, summarising it, and allowing its structures and
patterns to become evident. This may not technically be formal science, but is closely allied
with it, “number crunching” as it is informally called.

Franklin progresses to brief notes on other formal sciences: network analysis, queuing theory,
information theory, data compression, and game theory. Finally, he mentions theory of self-
organising systems, theory of cellular automata, artificial life, non-equilibrium
thermodynamics, and mathematical ecology. All these last deal with how small-scale
interactions in large systems create global patterns of organisation. Franklin then outlines John
Conway’s famous Game of Life.

In summary we are told that most of the formal sciences use computers and mathematical
modelling. In fact, it is largely the rise of the computer that made these sciences possible. But
over and above the successful application of computer to tasks is a theoretical computer
science. One of the branches here is computational complexity theory. One wants to measure
complexity by simple operations needed to solve problems. Computation time is proportional
to the number of simple operations, so gives a clue as to whether it is feasible to solve certain
problems by computing results.

A very simple example is the addition of two n-digit numbers according to the usual school
algorithm, which requires between n and 2n single-digit additions. The exact number depends
on how many carries there are (each carry adds an addition). As n grows, computation steps
grow linearly with n, being bounded by 2n. The bounded nature of the solution is what makes
the problem soluble in generality.

By contrast, there is a travelling salesman problem, visiting n cities once each, finding the
shortest route, given the distances between cities. This requires computing alternatives that
grow exponentially with n. That is unbounded and means solving the travelling salesman
problem is only feasible for n less than or equal to about 40.

Franklin goes on listing formal sciences with very terse commentary about most of them. Thus
he mentions formal specification, structured programming, and program verification. He rests
on artificial intelligence (Al) to extend treatment beyond what he gave it in an earlier chapter
(six). He discusses Al as applied to chess programmes. Complexity theory reveals that chess
has too many possible moves for the space of all of them to be searched, so programmable
strategies called heuristics are derived from observing human players to cut down the options
of moves worth looking at.

Franklin closes out his section on Al with a characteristic warning. Some philosophers look to
Al as a possible source of just what its name suggests, but the real engineers working with Al
prefer to call their own work “expert systems” or “adaptive information processing.” They see
the essence of their work as searching through trees of possibilities, only undermined if it is
touted by giving a false hope of imitating the human mind.

Entering a new section, Franklin addresses the great hope for the formal sciences that is widely
held. They seem to provide access to necessary, provable knowledge about the real world, not
just abstractions about it. Seen rightly, mathematics is about the real world also, but it does
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have an appearance of abstraction the formal sciences bypass with their feet more clearly on
the ground.

The late 1960s saw a “software crisis” as people realised that creating large programs free of
bugs was much harder than originally thought. A solution proposed was that since programs
are sequences of logical steps, these can be proven to be correct (unless they failed the test).
“Program verification” has had some success in ensuring programs are error free, mainly by
encouraging simplicity of programming that allows proofs to be written. This is still seen as
worthwhile, with a great deal of time and money invested in the project.

There are contrasting views, however. CAR Hoare made the reasonable, if strong, claim that
computer programming is an exact science, and all the properties and consequences of running
a program can be found out by deduction from its text. On the other hand, James Fetzer argued
that program verification was impossible in principle due to the gap between abstraction and
reality.

What has been introduced by Franklin in detail for program-verification can be carried across
to all the formal sciences:

e Parts of the system connect in purely logical ways.

e In small cases, complexity is surveyable. That is, direct observation of the local can
give rise to practical certainty of the whole. Uncertainty is limited to unavoidable
theoretical uncertainty.

e Hence, necessity in connections between parts gives practical certainty about the
system.

e Computer checking can extend the practical certainty to much larger cases.

Franklin concludes the discussion of practical certainty and the chapter with the example of the
kinetic theory of gasses, a historic triumph of theory and experiment working together. Whether
the theory is true is contingent on the nature of reality, and it is true, though not easily
established. Temperature arises as a necessary property of systems of atoms. Connections of
properties have provable necessity, although it is harder to prove the nature of properties on
their own.

Chapter 10 Probabilities and Risks

Most of what science knows can only be known probabilistically; either because we are in early
stages of investigation, or the subject of study is itself intrinsically probabilistic. However, in
much of science this probability is very high indeed.

There are two types of probability. First is factual probability, which deals with chance set-ups
(dice-throwing, coin tossing), that have a characteristically random or patternless sequence of
outcomes. There is a second type of probability, namely logical probability. This kind of
probability is concerned with how well supported a conclusion is by a body of evidence. It is
crucial to theory evaluation in science, as stressed by the objective Bayesian view of evidence.
Franklin provides a diagram underlining the separation between the two types of probability.
He notes that neither type can be reduced to the other. Factual probability is about the brute
fact of a random outcome. Logical probability is about the attempt to ascertain the likelihood
of a conclusion given evidence. Factual probabilities are inherently numerical. Logical
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probabilities are much less clearly so, often not, and only sometimes plausibly and naturally
SO.

Franklin turns to mathematics for a canonical example. Mathematics will use proof in addition
to ordinary scientific methods like experiment, conjecture, and the confirmation of theories by
observation. Probabilistic reasoning is found in mathematics where proofs don’t yet exist,
either because they are long-standing puzzles, or just not successfully solved as yet.

Franklin considers the example of the randomness of the digits of . Tests of randomness show
the first million digits of m to be random. By induction, one gets the result that the second
million will be random also. Whatever the digits, however, they are fixed in all possible worlds,
so more stable even than physical laws, they are logically necessary, not just physically
necessary. The randomness of the digits of m, then, is an example of non-deductive logic,
rational induction.

Statistics is next on Franklin’s list of fields of intellectual endeavour bearing on the rationality
of induction. He asserts that drug trials are the most spectacular success story in applying
statistical methods. In principle the process is simple. The frequency of successes is compared
with a control group that does not take the beneficial drug. There is care taken to ensure the
populations are comparable, randomly selected, and sufficiently large to allow reliable
inference. Small sample are liable to be easily skewed away from the desired mean results.
Franklin provides another example with the anecdote of the lady who claimed to be able to
taste the difference between cups of tea with milk added first or last.

Franklin turns to extreme events and gut feelings. He makes a defence of gut feelings, where
more accurate means are not available. He proposes that much of cognition is intuitive
statistics. Psychology has shown that nearly all uncertain inference is performed at the sub-
symbolic level in the neural net architecture of the brain. If we could do better than rely on
instinctive risk assessment, we would want to, but we have no choice. For example, banks face
many potential risks worth quantifying and taking precautions against losses in order to insure
and recoup them. The gold standard to deal with extreme risks is Extreme Value Theory (EVT).
It is relevant to us because it allows extrapolation beyond data, i.e. inductive inference. It was
first used to analyse problems like a once-in-a-hundred-years or thousand years flood given
annual maxima for the most recent 50 years.

Chapter 11 Are the Social Sciences Sciences?

Since the early nineteenth century, aspects of human society have been studied in a numerical
fashion, with appeals to statistics. It is striking how an early study on suicide found constant
proportions of people taking their own lives, despite there being a lot of individual differences
in how, and presumably why. We like to think human nature so free and varied, yet there are
S0 many patterns when we observe people interacting en masse. That people are so predictable
en masse is probably partly due to the wide scope off human activity where we depend on
people being there for us in a predictable way. We want groceries available and so on, and
people make it their business to cater to this demand.

It's not just the social sciences that deal with uncertainty. Famously, meteorology finds it hard
to predict the weather. Small changes in initial conditions can cause large scale consequences.
And it’s not just failure in the social sciences, study of and intervention in traffic flow on roads
has been a success. And it’s no surprise that traffic flow is a simpler problem to model. We
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have nothing similar yet for economics or history, but there’s no reason in principle as to why
we shouldn’t achieve something like it sooner or later. Economics in particular already has
some effective models. There is no Nobel Prize for mathematics, but the prize for economics
has been most often awarded to mathematicians. That said, Franklin expresses doubts about
Nobel Prize in economics winner von Hayek over about one and a half pages of his text.

In the next section, Franklin starts by outlining the causation/correlation problem. If A and B
occur together, then: A could cause B, B cause A, or A and B have common cause C. The
difficulty is most pressing when dealing with observing natural phenomena, as opposed to
having more control in the lab. Franklin passes on the most studied example, from
epidemiology, attempting as it does to work out the causes of diseases from natural data in
human populations. It was believed that hormone replacement therapy (HRT) caused a
lowering of risk of heart disease, because there was a reduced incidence of heart disease in
women on HRT. On re-examination of the data, it was found that there was a slightly higher
risk of heart disease by comparison with a control group. HRT was taken by women from
higher socio-economic background. These women were probably healthier already, and
doctors were probably more likely to prescribe. Having laid out the causation/correlation
problem, Franklin observes that as difficult as it can be for formal sciences to address it, it is
much more difficult in sociology, due to there being so many variables, and so little chance of
controlling experiments. One effort to manage the problem is the use of so-called Bayes’s nets,
which map graphs that explain possible causal relations. Building this abstract approach to
readily be applicable in a variety of settings is still in its infancy.

Franklin moves on to history, a social science if ever there was one. There is a long story in
regards to seeking the laws of history analogous to the laws of physics. There are no laws
predicting the rise and fall of civilizations, not for want of them being sought. However,
although history doesn’t provide certainties in the same way as regular sciences, it is still
irrational to be sceptical about history in its instances. But the real difference between history
as a human contrasted with natural sciences is the way it incorporates insight into the decisions
of other humans. It is an extra dimension of analysis and interest.

Child development studies show sophisticated abilities in infants to read the minds of adults.
It is an extension of this we use in “reading” history. Franklin gives an extended example of
“putting ourselves in the shoes of others” as a core aspect of historical analysis. The example
he chooses is operation Barbarossa, the Nazi invasion of Soviet Russia. Franklin concludes by
answering his own question from the chapter heading: Are the social sciences sciences? Yes
and no. The logic of confirming theories is the same Bayesian reasoning as in science, and
theories can be established beyond reasonable doubt. Statistical methods can predict short-term
trends. But finding appropriate concepts and causal connections is more difficult, though there
is a bonus to make up for the hardship in that one can use insight into the minds of others.

Chapter 12 Actually Existing Science

What things are in practice can vary widely from what they should be in theory. The Cold War
Poles spoke of “actually existing socialism” to distinguish socialism in theory from its
realisation in a social regime of privations. How might science in practice be sub-par vis-a-vis
science in theory? Although wrong, postmodern attempts to undermine science by burying it
in history and sociology are not entirely wrong. There are valid studies of the psychology,
history, politics, and ethics of science. These disciplines should tell us whether science, the



14

enterprise, is well organised to deliver the truths it is the business of science to deliver. They
should also provide some insight into why modern science arose only in the West and whether
science is mainly beneficial to humanity.

Franklin sets about a cursory look at how such insights stand in contemporary thought. He first
looks at psychology of science. The Journal of Psychology of Science and Technology only
began publication in 2008 although one would expect it to be the first area to attract academic
interest. It has found that successful scientists are disproportionately: Western, male,
immigrants, Jewish, descended from scientists or engineers, firstborn, curious, intelligent,
arrogant, and driven. Autism and introversion help with mathematics and physics.

Better than profiling as above are examinations of the psychological skills involved in
successful scientific work. Persistence is one and patience another. The ability to evaluate
evidence judiciously is important. These skills are developed in childhood and adolescence,
particularly in cognitive control over coordination of theory and evidence. It requires mental
operations on entities that are themselves mental operations.

Franklin next raises the issue of funding science. He notes three options: (1) personal
patronage, (2) competitive public funding, and (3) patentable commercial research. Franklin
takes some time looking at each of the funding options and their drawbacks and advantages.
For example, he notes that patents protect expressions of ideas, not ideas themselves. He ends
up being a strong advocate for patents, which channel money from successful research back
into new research.

Still picking out the key features of science as practised as opposed to theorised, Franklin
moves from grants to the peer review process, aka refereeing. He outlines how the system
works, with authors names removed from papers submitted to referees for decisions to publish
as truth or not. (In the humanities an interesting rather than true article may be published.) But
then Franklin covers a lot of ground regarding known weaknesses with this system. Despite all
the rigor of the refereeing system, mistakes do happen, and due to known causes.

In the course of covering how scientific evidence is covered in US courts, Franklin itemises a
checklist used there to guide separating solid science from pseudoscience.

1. Can the theory or technique be tested?

Has it in fact been tested?

What proportion of false positives and negatives are there?

Is the theory or technique controlled by standards?

Has the scientific community in general accepted the theory or method?

gk wn

Having concluded his lengthy coverage of the peer review process, Franklin offers a brief word
about the importance for practical science to be recruiting an enthusiastic and capable next
generation. This largely hinges on the mentoring that happens in supervisor—postgrad
relationships.

Practical science raises ethical issues armchair theorising doesn’t. Franklin suggests the
proverbial mad scientist has truth in it, and Nazi excesses push the point home further. There
are proper bounds in satisfying our curiosity. But on balance, science has increased lifespan
and quality of life for billions over two centuries. Science is far better than it is bad, but it’s not
all or nothing. Vigilance is required, but “be grateful and give science more money.”



15

Chapter 13 The Complexity Obstacle to Knowledge

Franklin, in true common sense realist form, reasserts that science knows a great deal, much it
can prove, and much come close to proof. But, he asserts, it is also weak in admitting its
limitations. He interjects the story of the changing Encyclopaedia Britannica entries on the sun
over a couple of decades before being able to answer why the sun is hot using Einstein’s
formula E = mc?. The earlier articles fudge a little because they don’t really know.

Science struggles with the very small, the very large, and the very old, even where these may
be in principle quite simple. At mid-range size and age, science struggles with complexity.
Franklin offers turbulent fluids as an example, like he did in chapter 7. The weather is such a
turbulent fluid. Franklin makes clear that complexity is not always a barrier, as with the kinetic
theory of gasses. Pressure and temperature are long-term averages of the motion of the
particles. This averaging simplifies the problem of understanding the behaviour of complex
gaseous motion. Modular systems are also more amenable to scientific scrutiny. A car can be
examined subsystem by subsystem for their specific functions. (Anatomy, human and animal,
has this feature too, as do language and corporate structures.)

Having introduced “tame” complexity—modular, averaged, and turbulent—Franklin moves on
to two controversial areas of debate where the science is more wildly complex: evolution versus
intelligent design, and the global warming debate. He looks at evolution first, listing four
propositions central to the theory.

e Present species are descended from ancient primeval species.

e Species change via small changes in individuals being inherited.

e The changes are chance events.

¢ Natural selection of the most favourable changes is the major driver of evolution.

Franklin raises some questions in regards to evolution, but then concludes “nevertheless, by
and large the standard evidence for evolution is very strong.” Franklin concedes this, but then
returns to questions he wants evolution to answer, or more properly, he accepts evolution, but
is less certain about natural selection, a logically independent thesis within the overall theory.
Franklin is open to the theory of evolution being a fact, but he questions whether natural
selection is the method of evolution. He lists the evidence for natural selection separately.

e Evidence for small changes comes from artificial projects. In the wild, there are bigger
jumps observed. It is these bigger jumps that need explanation and natural selection
simpliciter won’t do that for us.

e Evidence for chance mutations benefiting some offspring ahead of others are wanting.
Epigenetics may account for acquired characteristics, but not on an adequate scale.

e Natural selection seems reasonable to explain some evolution but not all of it.

Franklin provides a simple history of Darwinism meeting challenges posed to it.

e In Darwin’s day, Kelvin argued the earth was young because it was still hot inside. He
thus rejected eons of geological time needed for evolution. The objection was wrong,
but good for its day.

e Darwin had a continuous theory of inheritance. Mendel’s solution to the problem by
finding discrete operation of genes was good for its day too, and still is.
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e Gaps in the fossil record are natural, but they’ve been filled so regularly since Darwin’s
day they provide more support than raise questions.

e The existence of altruism seems to mitigate against evolution which seems to have no
place for it. However, late twentieth century analysis of group selection, game theoretic,
and “selfish gene” theories showed how altruism can arise.

Contemporary challenges to evolution come from intelligent design (ID) writers. A key
argument they currently hold up is the irreducible complexity, so they believe, of the flagellum
of a bacteria. They are answered by evolutionary writers pointing to a number of things in
particular exaptation, i.e. the co-opting of existing structure for a new purpose.

After his introduction to the ID debate, Franklin turns to the global warming debate. He
presents the key theses of the debate as follows.

e The world has been warming unusually in recent decades.
e There are no known natural causes of this warming.
e The burning of fossil fuels is necessary and sufficient to explain this status quo.

With some important limitations to place the accuracy of measurements, the contemporary
warming seems to be well established. Causation is less certain. Preferable interventions are
even more contentious. But these last two aspects of the debate are independent of the brute
fact of warming. Franklin doesn’t commit to either political camp, just finds strengths and
weaknesses in the cases put forward by those two sides. He recommends the Climate Debate
Daily website. He also notes that there is global warming on Mars without that being human
caused. “It is all very complex ...” says Franklin.

Chapter 14 Is That All There Is?

Franklin asks if science has explained so much, should we expect it to end up showing
everything. He says No, science is unsuited to explaining consciousness and ethics. Franklin
flinches somewhat at materialist explanations of the mind, and at the idea that free will is an
illusion. These are his opinions and not the conclusions of a consensus of researchers. In fact,
he needs to waive away a famous experiment where brain events preceded conscious decision
making by about 0.3 seconds, though he’s not the only writer to do so. In an even-handed way
he admits that experiments that show connections between consciousness and physical reality
are at least in principle possible, though he reasserts his personal view that any results so far
support materialist views of the mind.

Franklin next considers the famous is—ought gap that has been more or less standard since
David Hume observed it. Matters of physical existence cannot be used to establish matters of
moral obligation. This is important as we consider the last chapter of Franklin’s book. What is
science not good for. It’s good for many things, but there are limitations with consciousness
and ethics. This is controversial. Some writers accept Hume, but take this as eliminating ethics,
or setting up a new rationale for ethics. Franklin tackles Hawking who argues ethics comes in
part from the humility we should feel being located on a small planet in a small solar system
with average sun in a vast universe. Franklin thinks we’re more important than that and that is
a basis for ethics. The point is moot, however, because science can’t quantitatively allocate
moral significance to the human race, nor to individuals which would cross the is—ought
boundary.
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Franklin addresses some of the overly hopeful evolutionary explanations for altruism. They are
true so far as they go, but not when they push the envelope and run foul of the is—ought
problem: “whatever is, is right.” Evolutionary traits, tribal customs, individual acts can and
must be criticised from outside.

Philosophy dealt with, Franklin moves on to the science of ethical behaviour and intuitions. He
recounts the game theoretical so-called prisoners’ dilemma. When played once, the game is
thought to be best played by confessing. But more interest is generated by multiple iterations
of the game, where play can take into account the observed behaviour of the co-conspirator in
past iterations when deciding on current play. A “tit-for-tat” strategy is then thought best.

It's not just the armchair theorising of the prisoners’ dilemma but real psychological
experiments that have tested ethics. There were Milgrom’s and Zimbardo’s experiments testing
the ethics of “empowered” subjects vis-a-vis disempowered peers with not very encouraging
results. The empowered were willing to deliver electric shocks or otherwise mistreat the
disempowered such that one of the experiments needed to be discontinued early.

Marc Hauser in Moral Minds argues for a kind of universal moral grammar, that there is
basically only one moral system, which he finds due to the commonality of answers to moral
dilemmas of various kinds. This falls short of science giving us our ethics. Franklin asks, so
where should we look? We know genocide is wrong, or think we do, even if we can’t justify
why we do. Franklin argues that we need our emotions to access the moral facts. “The death of
a human is a tragedy but the explosion of a lifeless galaxy is merely a firework.” Franklin
concludes that science has been very successful, especially in being honest about limitations in
its own ways of knowing. But, says Franklin, “we cannot believe that what science knows is
all there is.”



