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Copernicus claimed that his system was preferable in part on the grounds of its superior harmony and
simplicity, but left very few hints as to what was meant by these terms. Copernicus’s pupil, Rheticus,
was more forthcoming. Kepler, influenced by Rheticus, articulated further the nature of the virtues of har-
mony and simplicity. I argue that these terms are metaphors for the structural features of the Copernican
system that make it more able to effectively exploit the available data. So it is a mistake to conclude that
early Copernicans could only offer aesthetic or pragmatic arguments; they could and did offer evidential
ones as well. Moreover, the evidential arguments they offered parallel current arguments in the philo-
sophical literature.
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1. Introduction

Currently there is considerable interest in whether the unity or
simplicity, appropriately construed, of a theory is related to the
amount of evidential support that theory enjoys. Rosenkrantz
(1977), Forster & Sober (1994), Harper (2002), Myrvold (2003),
McGrew (2003), and others all argue that in certain situations
where two theories are compatible with a given data set, the more
unified or simpler theory is better supported by that data (though
these authors differ in how they articulate their position formally).
One stock example used by most is the dispute between early
Copernicans and Ptolemaic astronomers. The classic opponent is
Kuhn who claims that early Copernican arguments from harmony
or unification ‘appeal, if at all . . . [to an] aesthetic sense, and that
alone’ (Kuhn, 1957, p. 181).1

Kuhn’s attack takes place on two fronts: one is that no eviden-
tial grounds were available to early Copernicans (prior to the
observation of stellar parallax in 1838, ibid., p. 163, and certainly
prior to Galileo’s telescopic observations); the other is that the
arguments given by early Copernicans themselves rested primarily
on the aesthetic claims of the superior harmony and simplicity
ll rights reserved.

p. 144, and Myrvold (2003), p. 404
of the Copernican system. Rosenkrantz, Forster & Sober, and Myrv-
old address the first part of Kuhn’s attack by arguing that the
Copernican system was better supported than the Ptolemaic in vir-
tue of its superior unity and simplicity (Forster & Sober offer an
Akaikean argument and Rosenkrantz and Myrvold offer a Bayesian
one), though they do not argue that early Copernicans were
actually aware of this (Rosenkrantz comes close). Others (e.g.,
Westman, 1975, and Goldstein, 2002) have addressed the second
part of the attack by pointing out that early Copernicans offered
arguments from the superior explanatory power of the Copernican
system. This is right, but there is more to the story. Copernicus and
Rheticus identified as important the same features of the simplicity
and unity of the Copernican system that Rosenkrantz, Forster & So-
ber, Myrvold, and McGrew do. Copernicus and Rheticus did not,
however, say much about why these features are important other
than dropping hints that these features resolve uncertainty and
they are connected somehow with superior explanatory power.
Kepler went further than this, and his arguments are in line with
modern discussions of simplicity and unity. What this suggests
to me is that there was a growing awareness that the Copernican
system was constructed in a way that made it more effective at
, all reference this passage or one like it in Kuhn.
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Fig. 1. The superior planets. Under the Ptolemaic system, the planet is at P which
rotates around C. C is carried along on the circle indicated by arc A’ around the
stationary earth at E and the sun is somewhere on the line ES’. Under the
Copernican system, the circle C is transferred to S. It no longer carries the planet but
carries the earth instead. The sun is at S and the planet travels the circle indicated
by arc A.
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Fig. 2. The inferior planets. The earth is at E and the planet at P. Under the
Ptolemaic system the sun is somewhere on line ES’ and the planet rotates on the
epicycle around C. The sun moves on a circle indicated by arc A’ and the earth is
stationary. Under the Copernican system the motion of the epicycle is the motion of
the planet and the sun is stationary at C. The motion of the sun gets transferred to
the earth which travels a circle indicated by arc A.
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exploiting the available observations than the Ptolemaic, despite it
being no more consistent with the observations. I will argue that
Copernicus and Rheticus used the term ‘harmony’ as a metaphor
that gestured towards these new ideas about evidence. Because
of this, the very passages Kuhn cited in his argument that early
Copernicans rested their case on aesthetic grounds will be cited
here in support for the claim that they rested their case on grounds
that anticipate current debates about evidence.

To begin, I will discuss the ways in which the Copernican sys-
tem is more unified or simple. After that, I will turn to modern de-
bates about the relationship between simplicity or unity and
evidence. My interest here is to prepare the stage for showing that
modern ideas about evidence can, to some extent, be projected
back plausibly into the arguments of early Copernicans. Finally I
will examine the arguments given by Copernicus, Rheticus and
Kepler.

2. The Copernican hypothesis

As Barbour (2001, p. 217) observes, the Copernican hypothesis
does not represent much of a change from the Ptolemaic with re-
spect to the relative motions of the sun and the stars. It simply in-
volves transferring the motion of the sun and stars to the earth.
There is also a sense in which the theory of the planets remains un-
changed. In Figure 1, all that has happened is that the motion of the
epicycle has been transferred to the earth. In Figure 2, the sun is
moved to the center of the epicycle and the motion of the sun is
transferred to the earth. It is when we consider the theory of all
the planets together that we see the Copernican achievement.
Since the motions of all of the major epicycles for each planet get
transferred to the motion of the earth, the Copernican system is
simpler than the Ptolemaic in several ways. The most obvious is
that five circles (the five major epicycles of the five planets) get
traded for one.

It has been observed by many (e.g., Kuhn, 1957, p. 169; Bar-
bour 2001; Rosenkrantz, 1977, p. 135) that the dramatic simplifi-
cation one gets when comparing the two hypotheses qualitatively
reduces significantly when the quantitative details of the Coperni-
can and Ptolemaic hypotheses are compared. Copernicus’s rejec-
tion of the equant, misplacement of the apsidal line, reliance on
bad data and other factors all contributed to the need to add ex-
tra epicycles to the system (see Barbour, 2001, pp. 227–246 for an
especially nice exposition of the difficulties Copernicus faced).
When Copernicus, Rheticus and Kepler spoke of the superior sim-
plicity of the Copernican system, they focused on the qualitative
level.

Another sense in which the Copernican system is simpler has to
do with the number of independently adjustable parameters that
are also not set by observations. Rosenkrantz (1977, pp. 136–39)
offers the following analysis of the Copernican and Ptolemaic treat-
ment of the inner planets. In the Copernican hypothesis (Figure 2),
one needs to determine the positions of E and P and the relative
sizes of their circles. This can be done empirically. In the Ptolemaic
system (Figure 2), we need to determine the position of S (thus, the
line ES), the length of EC, the positions of C and P and the size of the
circle P is on. The observations support the assumption that C is on
the line ES, but the location of C on ES is set neither by theory nor
by observation. The same holds for the absolute sizes of the epicy-
cle and deferent. So the Copernican system is simpler in the sense
that it does not require extra assumptions to set these parameters,
whereas the Ptolemaic does.2 Another important way that
2 Note that this analysis only addresses how the number of free parameters changes relat
dependence or independence of the other planets relative to each other and so it does not
however, the arguments from harmony of the early Copernicans also focus primarily on th
motion of the earth and sun.
the Copernican system is different from the Ptolemaic is that in
the Copernican system all of the models for the planets are in the
same measure. Since the different planetary models all reference
the earth’s orbit, planetary distances can now be given in terms of
the radius of the earth’s orbit. Given the trigonometrical features
of the Copernican system, all the distances can be determined empir-
ically (see Kuhn, 1957, pp. 175–176). Systems with a stationary earth
have to order the planets on the basis of additional assumptions, the
standard assumption being that the greater the period, the greater
the distance. This assumption was problematic for ordering the
ive to changing the position and motion of the earth and sun. This does not address the
address whether or not the Copernican system is simpler overall. As we will see later,
e interconnections one gains or loses depending on how one changes the position and



260 R. Martens / Studies in History and Philosophy of Science 40 (2009) 258–266
sun, Venus and Mercury since their periods were all one year. The
period–distance relationship does not need to be assumed by Coper-
nicus because it turned out to be an empirical discovery of his
hypothesis.

One implication of referencing all the retrogressions to the
same cause and using the radius of the earth’s orbit as the common
measure is that all of the retrogressions measure the same thing,
namely, the earth’s orbit. As a result, all the retrogressions must
agree. The Ptolemaic system does not have this constraint on
constructing models for the retrogressions of the different planets
because what is being measured is the major epicycle for that
planet, and each planet has its own major epicycle.

To summarize, one of the important differences between
the Copernican and Ptolemaic systems is that the Copernican sys-
tem, together with observations, imposes more constraints on
which planetary models can be constructed than the Ptolemaic,
at least when considered qualitatively. This is a different notion
of simplicity than comparing the number of circles used. Later I
will argue that simplicity as constraints is what impressed
Copernicus, Rheticus and Kepler more than the actual number
of circles used.

3. Modern views on constraints

If we only look at the extent to which a hypothesis is consistent
or inconsistent with the observations, then the Copernican hypoth-
esis fares no better than the Ptolemaic (and indeed, it fares a little
worse given that stellar parallax had not yet been observed). It
seems that from this perspective Kuhn was right to assert that
early Copernicans did not have evidence backing their choice.
There are, however, a number of authors committed to the position
that saving the phenomena is not all there is to evidential support.
Most of these positions rely on modern technical apparatuses inso-
far as they utilize Bayesianism or Akaike’s Information Criterion to
explain the preference for simplicity or unification that we’ve seen
throughout history. I will focus as much as possible on those as-
pects of the modern accounts that might reasonably be echoed in
the arguments of Copernicus, Rheticus and Kepler.3

Rosenkrantz (1977, p. 140) argues that because the Copernican
system is simpler in the sense that it has fewer degrees of freedom
(that is, fewer parameters not set either by theory or observation)
than the Ptolemaic, it is better supported by the observations than
the Ptolemaic. This is so despite the fact that with respect to solar
and planetary positions, Copernicus did not succeed in providing a
more accurate system. Rosenkrantz measures the simplicity of a
theory by its sample coverage. One determines the sample cover-
age by the chance probability that the outcome will fit the theory
(where which outcomes are possible may be constrained by back-
ground information, including constraints imposed by other obser-
vations or experiments). To put this in terms of our example, the
fewer the number of possible planetary positions allowed by the
theory, the smaller the sample coverage. The sample coverage for
determining the location of the planet on the position vector for
the Copernican system is smaller because, as noted in the previous
section, the Ptolemaic system has two parameters set neither by
observation nor theory that the Copernican does not (ibid., pp.
94–95).

So why is smaller sample coverage a good thing? Rosenkrantz
states that his argument rests mainly on the fact that from a
Bayesian point of view, a theory is never as well supported as its
best fitting special case. The reason for this is that the probability
of some outcome x given theory H where the parameters of H are
3 Other authors also argue for the evidential import of unification (e.g., Kitcher, 1976, 198
for being read back into the arguments of early Copernicans, I won’t discuss them here.
free, cannot exceed the probability of x given H were the parame-
ters are set. This is so because when the parameters are free, x
competes with the other possible outcomes the theory allows
(ibid., pp. 97–99). Since the parameters pertaining to where the
planet is on the position vector are free under the Ptolemaic
system and set under the Copernican, outcome x competes with
more possible outcomes under the Ptolemaic system than under
the Copernican. So in Bayes’s theorem,

PðH=xÞ ¼ PðHÞPðx=HÞ=PðxÞ

P(x/H) is higher for the Copernican hypothesis than for the Ptole-
maic. The Copernican hypothesis, as a result, derives more eviden-
tial support from the observations (where evidence is defined in the
standard Bayesian way as that which results in a difference be-
tween the posterior and prior probabilities). Of course, if we aren’t
Bayesians (or Popperians), the fact that the Ptolemaic system is
compatible with more possible observations than the Copernican
might not move us to consider the Copernican hypothesis better
supported by the actual outcome consistent with both.

Rosenkrantz has another defense that is not distinctly Bayesian.
He links sample coverage size to explanatory power: ‘A theory that
fits everything explains nothing’ (ibid., p. 171). A theory with a
smaller sample coverage fits fewer possible outcomes, so we get
a stronger explanation when the outcome is favorable in cases
where we have a smaller sample coverage than with a larger one
(ibid., p. 146). Again, the plausibility of this defense rests on
accepting Rosenkrantz’s view of explanations.

Another Bayesian approach is offered by Myrvold (2003) and
McGrew (2003), who independently developed similar approaches
around the same time. I will follow Myrvold’s formulation. The ba-
sic idea is that when a theory is unified in the sense that one set of
phenomena provides information about, or constraints on, another
set of phenomena, we get evidential support over and above the
support one gets merely from fitting the data alone. The amount
of informational relevance p has to q under the hypothesis h is
measured by how likely p is given q, b (our background beliefs),
and h versus how likely p is given q and b. Obviously it will get a
bigger boost if b doesn’t contain connections between p and q.
More generally, U(n) is the degree that {p1, p2, . . . , pn} is unified
by h:

1) U(n) (p1, p2, . . . , pn; h|b) = I(n) (p1,p2, . . . ,pn|h&b) – I(n)

(p1,p2, . . . ,pn|b). (Myrvold, 2003, p. 411)

The amount of support e1 and e2 supply to h is determined by

2) I (h,e1 & e2|b) = I(h,e1|b) + I(h,e2|b) + U(e1,e2;h|b) (ibid., p. 412)

where U measures the degree of informational relevance of e1 to e2

under h. Notice that when e1 and e2 are informationally relevant, h
gets more support from e1 and e2 than just the sum of the degrees of
support provided by e1 and e2 individually.

Myrvold does not offer a non-Bayesian defence of unification
because his interest is in showing how the preference for unity
can be accounted for in a Bayesian way. Here is a rather homey,
non-partisan reason for liking informational relevance. Suppose
you are given two puzzles to solve. One is a standard crossword
puzzle, where you are given clues for the words and the number
of letters the words have. The other is just like the crossword puz-
zle (you are given clues and the number of letters the words have)
except that none of the words intersect. You cannot use the solu-
tion to one of the lines to provide additional clues for the lines that
intersect it. If I were in this situation and required to make a bet, I
1; Friedman, 1974, 1983; Fisch, 1985) but since their views aren’t obvious candidates
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would be much more confident in my solution to the crossword
puzzle than the other puzzle. Similarly, when measurements of
one set of phenomena supply information about another set of
phenomena, one can use this link to check for errors. This point
is similar to Harper’s (2002, p. 97) when he observes that in cases
where one has multiple agreeing measurements of the same causal
parameter, these measurements back each other up (Harper refers
to this as ‘resiliency’).4

Forster and Sober (1994) give a different answer to the question
of why we prefer theories with fewer adjustable parameters
(ceterus paribus, of course). They claim that the key to answering
this question can be found in the curve fitting problem. When
choosing a curve to fit the data points, we tend not to prefer curves
that are bumpy, even though these curves may fit the data points
exactly. This is a good thing, Forster & Sober argue, because data
collection methods are prone to error. A curve that fits the data ex-
actly is as likely to track error as the real phenomenon. Moreover,
an exact fitting curve is likely to be a poor predictor of future data
because it may be tracking data collection errors. Hypotheses with
more free parameters are more able to track the noise in the data
than those with fewer. They suggest that Akaike’s Information Cri-
terion can provide a precise analysis of the trade-off between sim-
plicity and accuracy as follows:

Estimated[A(family F)] = (1/N) [log-likelihood(L(F)) –k] (Forster
& Sober, 1994, p. 10)

Family F refers to a family of curves (e.g., the family of straight
lines), N is the number of data points, the log-likelihood of L(F)
indicates the accuracy of the best fitting line in F, and k is the num-
ber of adjustable parameters in family F. We can see that there is a
trade-off between closeness of fit and simplicity or unity. As Forster
& Sober put it, ‘if each additional epicycle is characterized by 4
adjustable parameters, then the likelihood of the best basic Ptole-
maic model, with just twelve circles, would have to be e20 (or more
than 485 million) times the likelihood of its Copernican counter-
part’ (ibid., p. 14).

These three approaches articulate different aspects of how con-
straints are linked to evidence. For Rosenkrantz, what is important
is how many outcomes are compatible with the theory. The more
outcomes a theory can fit, the less significant a favorable outcome
is and the less substantial an explanation is provided. For Myrvold
and McGrew, what matters is how the various parts of a theory are
linked together to provide information about each other. For
Forster & Sober, what matters is how overly flexible theories can
too easily track errors. It is worth noting that since Forster & Sober’s
account is about resisting overfitting, the value of simplicity reduces
as the data is improved. This is not the case for Myrvold’s, McGrew’s
4 Harper’s and Myrvold’s positions are not exactly the same. As Sona Gosh points out, Pto
motion of the mean sun. As a result, the Ptolemaic system also was informationally interco
p. 415). By extension, one could make any theory as informationally interconnected as anot
different phenomena that measure the same causal parameter, unexplained coincidences d
any background beliefs, the hypothesis that the earth moves should have the same prior as
is a relationship between the retrogressions and the solar orbit would have a lower prior

5 Many general arguments against simplicity or unity as an evidential virtue point out th
are vague or contextual (see McAllister, 1996, pp. 105–124 for a summary of the discussion
temporal order (Morrison 2000, pp. 57–59). These discussions, though interesting, are not
and simplicity explicitly relative (theories are only more or less simple than a competitor ra
or rely on temporal order (there are many notions of simplicity but I will only discuss tho
above positions tend to be along the lines of whether the technical apparatuses accomplish
Kieseppä, 1997, against Forster & Sober; or Lange, 2004, against Myrvold) or the gruesom
should be articulated in a Bayesian or Akaikian framework (Bandyopadhyay et. al., 1996, aga
afield. Kieseppä’s criticisms, for example, are aimed at whether the Akaikian principle is val
whether or not Forster & Sober provide a precise analysis of the Copernican revolution but
the noise in the data. Since my goal in this paper is to determine the extent to which the m
Copernicans, certain technical details are not to the point (Copernicus wasn’t aware of Ba
properly the insight about how unification or simplicity has evidential import, the insight

6 ‘Inuenimus igitur sub hac ordinatione admirandam mundi symmetriam, ac certu harm
(Copernicus, 1966, pp. 9–10).
or Rosenkrantz’s account. So far I’ve said little about why we should
like any or all of these approaches. My goal here is much more mod-
est; namely, to outline a live alternative to the view that saving the
phenomena is all there is to say about evidence. This is necessary
for making the case that early Copernicans could be reasonably said
to have evidential reasons for their choice.5 I’ve also said nothing
about which view we should prefer because aspects from all three
show up in the arguments of early Copernicans. We will also see that
none of these positions taken individually can address all the eviden-
tial aspects of the arguments of early Copernicans.

4. Some early Copernican arguments

I have two agendas in this section. The first is to make the case
that early Copernicans were interested in theory-imposed con-
straints (though this interest is disguised by the language used)
and for similar reasons to Rosenkrantz et al. The second agenda,
addressed by pursuing the first, is to reveal the growing awareness
that theory-imposed constraints can have evidential implications.
To make the case that early Copernicans offered evidential argu-
ments, we need to reinterpret two types of arguments. The first
type of argument is the argument from harmony. The second is
from the ‘nearly infinite number of circles’ in the Ptolemaic system.

4.1. Arguments from harmony

Here is what Copernicus had to say about the harmonies of his
system:

And the ratio of order in which these bodies succeed one
another and the harmony of the whole world teaches us their
truth, if only—as they say—we would look at the thing with both
eyes. (Copernicus, 2002, p. 20)

Also:

Therefore in this ordering we find that the world has a wonder-
ful commensurability and that there is a sure bond of harmony
for the movement and magnitude of the orbital circles such as
cannot be found in any other way. (Ibid., p. 26)6

Rose points out that, in keeping with the Renaissance usage of
the harmony metaphor, Copernicus links the concepts of harmony,
order, and system: ‘we find that uniformity (or regularity) implies
order (or system), and that order in turn implies universal har-
mony’ (Rose, 1975, p. 156). Rose (ibid.) and McAllister (1996, pp.
172–173) identify Copernicus’s restoration of uniform circular
motion as a key element in his restoration of celestial harmony
lemaic astronomers had observed that the retrogressions were orderly and tied to the
nnected, although these connections were unexplained coincidences (Myrvold, 2003,

her by adding the relevant relating statements to the theory. Since Harper’s focus is on
o not enjoy resilience. Myrvold’s response to Gosh’s objection is that in the absence of
the one where the sun moves. Given this, the hypothesis that the sun moves and there
than the hypothesis that the earth moves (ibid.).
at we needn’t assume that nature is simple, or that the virtues of simplicity and unity

) or that since unification involves unifying the previously diverse, unification relies on
to the point in this instance because not only do Rosenkrantz et. al. make unification
ther than simple per se), none of the above accounts presuppose that nature is simple
se relevant to the arguments given in this paper). The more specific criticisms of the

the goals set out by the authors or are prone to counterexamples (e.g., Kukla, 1995, and
e problem (De Vito, 1997, against Forster & Sober) or whether insights on simplicity
inst Forster & Sober). Again, this is an interesting discussion that would take us too far
id for a variety of different types of curve-fitting problems, which has implications for
leaves untouched the idea that overly flexible planetary models may too easily track
odern debate on theory constraints can be projected back into the arguments of early
yes or Akaike). It could still be the case that while the formalism doesn’t articulate
remains.
oniae nexum motus & magnitudinis orbium: qualis alio modo reperiri no[n] potest’
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(non-uniform motion is not orderly). Westman (1975) and Gold-
stein (2002) focus on a different kind of ordering. They argue that
Copernicus was referring to the relationship between periods and
distances (‘sure bond of harmony for the movement and magni-
tude of the orbital circles’); that is, the further away the planet
is, the greater its period. Under the Ptolemaic system, the periods
of the Sun, Venus, and Mercury are all one year, and thus cannot
be ordered by the distance–period relationship. Under the Coperni-
can system, the periods and distances can be determined, and the
order of the planets fixed. Westman also observes that the period–
distance relationship is ‘consonant with the widely-pervasive
Graeco-Renaissance values of balance and harmony, an architec-
tonic criterion found so extensively in almost all areas of Renais-
sance activity from art and architecture to music, medicine,
theology and magical theory’ (Westman, 1975, p. 287).

Rose’s and McAllister’s account focuses on the aesthetic and
metaphysical aspects of Copernicus’s motivations: ‘the machina
mundi had been built for man by the best and most orderly
(regularissimo) Artisan, God’ (Rose, 1975, p. 157). Westman’s and
Goldstein’s interpretation focuses on how Copernicus’s system gets
more information out of the data. I don’t disagree with the above
analyses, but I think we can get more out of Copernicus’s harmony
metaphor. The ‘more’ in question is that ‘harmony’ refers to
interconnectedness, and interconnectedness leads to greater cer-
tainty. Since Copernicus did not clarify what he meant by the term,
I base this on Rheticus’s use of ‘harmony’. Rheticus studied with
Copernicus, and published the Narratio prima under Copernicus’s
approval as an introduction to Copernican theory. Of course, it
doesn’t follow that Rheticus would not have added his own
arguments, but nonetheless, the Narratio prima can stand as some
evidence for Copernicus’s position. If we follow Rheticus, the
metaphor can be unpacked further:

Sixthly and lastly, my teacher [Copernicus] was especially influ-
enced by the realization that the chief cause of all the uncer-
tainty in astronomy was that the masters of this science (no
offence is intended to divine Ptolemy, the father of astronomy)
fashioned their theories and devices for correcting the motion
of the heavenly bodies with too little regard for the rule which
reminds us that the order and motions of the heavenly spheres
agree in an absolute system . . . we should have wished them, in
establishing the harmony of the motions, to imitate the musi-
cians who, when one string has either tightened or loosened, with
great care and skill regulate and adjust the tones of all the other
strings, until all together produce the desired harmony, and no dis-
sonance is heard in any. (Rheticus, 1959, p. 138;7 my emphasis)8

Just as the musician is constrained in tuning by the relation-
ships between the notes sounded by the strings, the Copernican
astronomer is constrained in ‘tuning’ the astronomical model by
the relationships between the various phenomena. This means
more than mere consistency. The Ptolemaic system also could be
internally consistent (i.e., without contradiction), but it is always
7 ‘Sexto & postremo hoc maxime D. Doctorem praeceptore[m] meum mouit, quòd praeci
artifices (quod venia Diuini Ptolemaei Astronomiae parentis, dictum[m] volo) suas Theoria
reuocauerunt, quae ordinem & motus orbium coelestium, absolutissimo systemate consta
chorda vna vel extensa vel remissa, caeterarum omnium sonos tamdiu summa cura &
concentum, neq[ue] in vlla dissoni quicquam annotetur’ (Rheticus, 1965, sigs. Ciijv–Civr).

8 More examples from Rheticus: ‘Moreover, the celestial harmony is achieved by the six a
is left between one and another; and each, geometrically defined, so maintains its position
entire system’ (Rheticus, 1959, p. 147; my emphasis). ‘But if anyone desires to look either
spheres or to the ease and elegance and a complete explanation of the causes of the phen
motions of the remaining planets more neatly and correctly. For all these phenomena appe

9 ‘orbium omnium ordines, magnitudines, & coelum ipsum ita connectat, ut in nulla
confusione’ (Copernicus, 1966, sig. iiijr).

10 ‘Inuenimus igitur sub hac ordinatione admirandam mundi symmetriam, ac certu harmo
enim licet animaduertere, no[n] segniter contemplanti, cur maior in Ioue progressus & reg
quám in Mercurio . . . Quae omnia ex eadem causa procedunt, quae in telluris est motu’ (i
possible to construct a consistent system by making all the parts
independent of each other. While consistency is part of what
Rheticus required (‘the rule which reminds us that the order and
motions of the heavenly spheres agree in an absolute system’),
he also required that the order and motions of heavenly bodies
be interconnected such that when one parameter is changed, the
others must be adjusted as well to maintain fit (‘to imitate the
musicians who, when one string has either tightened or loosened,
with great care and skill regulate and adjust the tones of all the
other strings’).

Copernicus also found the interconnectedness of his system sig-
nificant, though he did not use the term ‘harmony’ in this context:

this correlation [the movement of the earth with the planets]
binds together so closely the order and magnitudes of all the
planets and of their spheres or orbital circles and the heavens
themselves that nothing can be shifted around in any part of
them without disrupting the remaining parts and the universe
as a whole. (Copernicus, 2002, p. 5)9

The interconnectedness that Copernicus and Rheticus cite sounds
a lot like the informational relevance that Myrvold, McGrew and
Harper find significant. The question still remains as to why Coper-
nicus and Rheticus considered the interconnectedness a good thing.
Why did Rheticus think it a rule that would remove uncertainty in
astronomy? Certainly he approved of it because he thought it was
the kind of system God would have created:

Moreover, this remarkable symmetry and interconnection of the
motions and spheres, as maintained by the assumption of the
foregoing hypotheses, are not unworthy of God’s workmanship
and not unsuited to these divine bodies. (Rheticus, 1959, p. 145)

This, however, is not the sort of reason that we are focusing on here,
so we need to pursue the matter further.

It seems pretty clear that Copernicus viewed harmony as having
evidential import because he linked it to the superior explanatory
power of his system:

Therefore in this ordering we find that the world has a wonder-
ful commensurability and that there is a sure bond of harmony
for the movement and magnitude of the orbital circles such as
cannot be found in any other way. For now the careful observer
can note why progression and retrogradation appear greater in
Jupiter than in Saturn and smaller than in Mars; and in turn
greater in Venus than in Mercury . . . All these things proceed
from the same cause, which resides in the movement of the
Earth. (Copernicus, 2002, pp. 26–27)10

In the Copernican system the apparent size of the retrograde
motions decreases with the distance from the earth’s orbit. In the
Ptolemaic system, the size of the epicycle decreases with the dis-
tance from the sun’s orbit. The Ptolemaic system has no explana-
tion for this other than perhaps an aesthetic one. Under the
Copernican system, however, a causal explanation is available. Ret-
pua[m] omnis incertitudinis in Astronomia causam esse videbat, quod huius doctrinae
s, & rationes motus corporum coelestium emendandi, parum seuere ad illam regulam
re admonet . . . vt in harmonia motuum co[n]stituenda, Musicos suissent imitati, qui
diligentia adhibita formant & attemperant, donec omnes simul exoptatum referant

forementioned movable spheres. For they are all so arranged that no immense interval
that if you should try to move any one at all from its place, you would thereby disrupt the
to the principal end of astronomy and the order and harmony of the system of the

omena, by the assumption of no other hypotheses will he demonstrate the apparent
ar to be linked most nobly together, as by a golden chain’ (ibid; my emphasis).
sui parte possit transponi aliquid, sine reliquarum partiu[m], ac totius uniuersitatis

niae nexum motus & magnitudinis orbium: qualis alio modo reperiri no[n] potest. Hic
ressus appareat, quám in Saturno, & minor quám in Marte: ac rursus maior in Venere
bid., pp. 9–10).
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rograde motions are apparent motions only, and are caused by the
earth passing or being passed by the planet. An increase in distance
between the earth and the planet produces a decrease in the size of
the appearance of the retrogression.

Kepler also emphasized the superior explanatory power of the
Copernican system and connected it to the relationships between
the retrogressions:

the old hypotheses simply do not account for a number of out-
standing features. For instance, they do not give the reasons for
the number, extent, and time of the retrogressions, and why
they agree precisely, as they do, with the positions and mean
motion of the Sun. On all these points, as a magnificent order
is shown by Copernicus, the cause must necessarily be found
in it. (Kepler, 1981, pp. 75–77)11

Not only do we get an explanation from the ‘magnificent order,’ we
can also draw a causal conclusion from it.

As already mentioned, the superior explanatory power of the
Copernican system has been often observed. My point is that this
passage suggests that the superior explanatory power is a result
of the interconnectedness of the Copernican system. The intercon-
nectedness supplies an order. This order produces constraints
which reduce the number of outcomes compatible with the theory
(indeed, Copernicus viewed his arrangement as uniquely deter-
mined by observation and theory; ‘such as can be found in no other
way’), and supports causal inferences. This is what supports the
superior explanatory power of the Copernican system. Recall that
Rosenkrantz views explanatory power as a function of how many
outcomes are compatible with the theory. The fewer the outcomes,
the stronger the explanation.

Three points need to be made at this juncture. First, Copernicus,
Rheticus, and Kepler did not say much about why the superior har-
mony of the Copernican system gives it greater explanatory power.
So the connection between their view and that of Rosenkrantz’s is a
little loose. Second, Copernicus and Kepler emphasized the point
that an efficient causal explanation of the size, frequency and dura-
tion of the retrogressions can only be given by the Copernican sys-
tem. This may be an important part of the story of why they
thought the Copernican system had greater explanatory power,
but causal explanations are not essential to Rosenkrantz’s analysis.
Third, what matters to Rosenkrantz is that constraints rule out pos-
sible outcomes. What this leaves out is the emphasis on how con-
straints are produced by interconnectedness (a theory could rule
out many outcomes without having the kind of interconnections
found in the Copernican system). Why this matters will be ex-
plained in the next section.
4.3. The nearly infinite number of circles

Some historians have identified simplicity as a major benefit of
the Copernican system and have interpreted simplicity as the num-
ber of circles used in each system.12 Several passages from Coperni-
cus, Rheticus, and Kepler suggest this interpretation (though I will
argue shortly that these passages mean something else).From
Copernicus:
11 ‘antiquas hypotheses praecipuorum aliquot capitum, nullam planè rationem reddere
causas: et quare illae ad amussim ita cum loco et motu Solis medio conueniant. Quibus om
inesse necesse est’ (Kepler, 1937–, Vol. 1, p. 15).

12 See Palter (1970), pp. 94, 113–114, for a discussion.
13 ‘quám in infinitam pene orbium multitudinem distrahi intellectum: quod coacti sunt
14 ‘Nam praeterquam quod nullus in vulgaribus hypothesibus finis effingendarum sphae
15 ‘Amat illa simplicitatem, amat vnitatem. Nunquam in ipsa quicquam ociosum aut su

vsitatas hypotheses orbium fingendorum finis nullus est: penes COPERNICVM plurimi mo
16 ‘Atque sic Vir iste non tantùm Naturam onerosa illa et inutili suppellectili tot imme

diuinissimorum ratiociniorum, de totius Mundi, omniumque corporum pulcherrima aptitu
I find it much more easy to grant that [the size of the universe
and the Earth–Sun distance] than to unhinge the understanding

by an almost infinite multitude of spheres—as those who keep
the earth at the centre of the world are forced to do. (Coperni-
cus, 2002, p. 24)13

From Rheticus:
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For in the common hypotheses there appeared no end to the
invention of spheres. (Rheticus, 1959, p. 145)14

From Kepler:
She [nature] loves simplicity, she loves unity. Nothing ever
exists in her which is useless or superfluous, but more often
she uses one cause for many effects. Now under the customary
[Ptolemaic] hypothesis there is no end to the invention of cir-
cles, but under Copernicus’s a great many motions follow from
a few circles. (Kepler, 1981, p. 77)15

Also:
And so this great man has not only freed Nature from the bur-
densome and useless paraphernalia of all those immense cir-
cles; but in addition he has opened to us an inexhaustible
treasury of calculations on the fitting together of the whole uni-
verse and all of the bodies in it. (Ibid.)16

These comments on there being a near infinite number of cir-
cles, or no end to the invention of circles, are peculiar. If we look
at the Copernican and Ptolemaic systems from a qualitative per-
spective, while it is true that the Copernican system employs fewer
circles, the difference hardly justifies the hyperbolic claim that the
number used by the Ptolemaic is nearly infinite. If we look at the
matter from a quantitative perspective, the comment seems even
less justified given the quantitative complexity of the Copernican
system. Nor can we justify it by suggesting that the Ptolemaic sys-
tem had increased significantly in complexity by Copernicus’s
time. Gingerich argues that many historians like Kuhn and Van-
couleurs are wrong to claim that ‘The [Ptolemaic] system was final-
ly overthrown as a result of the complexity which arose when an
ever-increasing number of superimposed circles had to be postu-
lated in order to represent the ever-multiplying inequalities in
the planetary motions revealed by observational progress’ (Vanco-
ulers, quoted in Gingerich, 1993, p. 194). In his research Gingerich
did not find that the number of circles had grown extensively.

The peculiarity can be resolved if we reinterpret these passages.
Rheticus and Kepler provided us with clues. In the same passage
Rheticus continued:

Moreover, ye immortal gods, what dispute, what strife there has
been until now over the position of the spheres of Venus and
Mercury, and their relation to the sun . . . For what would pre-
vent anyone from locating even Saturn below the sun, provided
that at the same time he preserved the mutual proportions of
the spheres and epicycle, since in these same hypotheses there
has not yet been established the common measure of the
spheres of the planets, whereby each sphere may be geometri-
cally confined to its place? (Rheticus, 1959, p. 146)
. Cuiusmodi est, quòd ignorant, numeri, quantitatis, temporisque retrogradationum
nibus in rebus, cùm apud COPERNUCVM ordo pulcherrimus appareat, causam etiam

facere, qui terra in medio mu[n]di detinuerunt’ (Copernicus, 1966, p. 9).
rarum apparebat’ (Rheticus, 1965, sig. Dijv).
perfluum extitit: at saepiùs vna res multis ab illa destinatur effectibus. Atqui penes
tus ex paucissimis sequuntur orbibus’ (Kepler, 1937–, Vol. 1, p. 16).
nsorum orbium liberauit: sed insuper etiam inexhaustum nobis thesaurum aperuit
dine’ (ibid.).
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Similarly Kepler (1981, p. 77) commented on the ‘extreme freedom
to invent circles’ of the Ptolemaic system.

What Copernicus, Rheticus and Kepler must be talking about is
not the number of actual circles employed by any given Ptolemaic
system, but the number of possible circles allowed by the Ptolemaic
system (so counting the number of circles employed by each sys-
tem is irrelevant).17 As observed by Rosenkrantz (noted earlier),
the Ptolemaic system has, per planet, two free parameters set nei-
ther by observation nor by theory. Given this level of freedom, the
Ptolemaic system does have an infinite number of possible circles
it could employ. As a result, Ptolemaic astronomers are left with
uncertainty on where to place the planets with respect to their dis-
tances from the earth and sun. This uncertainty is removed by the
Copernican system, and so the Copernican system explains more,
at least if we follow Rosenkrantz’s view of explanations.

Superior explanatory power is not all we get from Copernican
constraints, at least according to Kepler. Copernican constraints
also provide a response to a standard sceptical problem in astron-
omy; namely, that since it is possible to account for the observa-
tions in more than one way, the predictive success of a theory
does not warrant a belief in the truth of that theory. Kepler’s posi-
tion is that if a theory is properly constructed, interpreted, and
tested, the skeptical problem does not arise. There are two main
parts to his argument: one is based on standard Aristotelian episte-
mology;18 the other is where he articulates a view on testing that is
kin to the modern debate about constraints. I will focus on the latter:

The conclusion from false premises is accidental, and the nature
of the fallacy betrays itself as soon as it is applied to another
related topic—unless you gratuitously allow the exponent of
that argument to adopt an infinite number of other false prop-
ositions, and never in arguing forwards and backwards to reach
consistency. That is not the case with someone who places the
Sun at the center. For if you tell him to derive from the hypoth-
esis, once it has been stated, any of the phenomena which are
actually observed in the heavens, to argue backwards, to argue
forwards, to infer from one motion to another, and to perform
anything whatever that the true state of affairs permits, he will
have no difficulty with any point, if it is authentic, and even
from the most intricate twistings of the argument he will return
with complete consistency to the same assumptions. (Kepler,
1981, p. 75)19

There are two main parts in the above passage. First, we are ad-
vised to test a hypothesis in more than one way (‘the nature of the
fallacy betrays itself as soon as it is applied to another related to-
pic’), and second, when testing the hypothesis in multiple ways
we should avoid introducing false propositions that don’t some-
how belong (‘never in arguing forwards and backwards to reach
consistency’). If we do this we should be able to tell eventually if
the hypothesis is false. This seems like reasonable, if optimistic, ad-
vice. What is interesting about this passage is that Kepler sug-
gested that Copernicans followed this advice and, by implication,
Ptolemaic astronomers did not. The reason for this, it seems, has
to do with the constraints the Copernican system imposes. Because
of the Copernican harmonies, because of the interconnectedness of
the planetary models, one can ‘infer from one motion to another’.
17 Kepler did engage in circle counting, but when he did he spoke of eleven motions replac
an infinite number of circles.

18 Kepler pointed out that in drawing inferences to the appearances of the heavens, the i
thereof, but rather from the premise that the earth and the heavens are changing position r
Ptolemaic hypotheses about the motion of the earth are different species of the same genus
If we don’t make the mistake of which premise the prediction follows from, then this isn

19 ‘Nam ista sequela ex falsis praemissis fortuita est, et quae falsi natura est, primùm atqu
illi, vt infinitas alias falsas propositiones assumat, nec vnquam in progressu, regressuque
quidlibet eorum, quae reuera in Coelo apparent, ex semel posita hypothesi demonstrare, r
neque ille haesitabit in vllo, si genuinum sit, et vel ex intricatissimis demonstrationum an
This allows one to test a hypothesis outside its original domain
of construction. This testing opportunity is not available to a
hypothesis with discrete parts, like the Ptolemaic system. So the
Copernican system but not the Ptolemaic satisfies Kepler’s first
requirement. The Copernican harmonies also aid in satisfying the
second requirement. When a hypothesis is interconnected one can-
not adjust the model for one planet without considering the impli-
cations this may have for the predictions of the other planets. This
naturally restricts at least some opportunities for ad hoc modifica-
tions. We do not have the same internal restrictions in the Ptole-
maic system (they can’t argue ‘backwards and forwards to reach
consistency’ because the parts are not interconnected). Since the
Ptolemaic system allows more ways of constructing planetary
models than the Copernican, there are more opportunities for
introducing the false propositions that Kepler is worried about.
The Ptolemaic system is too flexible.

Kepler’s second requirement is similar to Forster & Sober’s. His
concern is that a hypothesis with too much freedom, too many mo-
vable parts, can fit anything. There is, however, an important dif-
ference between Kepler’s position and that of Forster & Sober.
Forster & Sober rest their defence of the preference for simplicity
on the concern that hypotheses with more adjustable parameters
may track data collection errors rather than the phenomena. Kep-
ler wasn’t talking about observational error in this passage. His
worry was that overly flexible hypotheses can lead us astray by
tracking good data. Kepler seems more like a Popperian here.

It seems, however, that Forster & Sober intend their result to be
generalizable to cases where the problem of error isn’t a factor. I say
this because they use Akaike’s Information Criterion to argue that
the Copernican hypothesis is better supported by the data than
the Ptolemaic even though both systems are tracking the phenom-
ena and errors equally well or poorly. If we think about this in terms
of the curve fitting problem, the situation is analogous to choosing
between two different ways of producing the same curve, one with
more adjustable parameters than the other. Akaike’s Information
Criterion would tell us to choose the simpler way even though nei-
ther is tracking the noise more than the other. So Kepler’s reason is
consistent with this use of Akaike’s Information Criterion. This type
of situation, however, is one where Forster & Sober’s justification
does not apply because their justification is based on the problem
of error in data collection. Their justification allows them to argue
for Akaike’s Information Criterion, and that in turn justifies the pref-
erence for the Copernican over the Ptolemaic hypothesis. But Kepler
was not aware of Akaike, and so this argument was not available to
him. As a result, the appeal to Akaike does not illuminate why Kep-
ler thought that excessive flexibility was a problem.

Kepler’s first requirement connects the ability to check for mis-
takes with interconnectedness. Checking for mistakes was a crucial
part of his response to the sceptical problem. He expressed this
again a few years later in the Apologia:

And just as in the proverb liars are cautioned to remember what
they have said, so here false hypotheses, which together yield
the truth once by chance, do not in the course of a demonstra-
tion in which they have been combined with many others retain
this habit of yielding the truth, but betray themselves. Thus in
ed by the motion of the earth (Kepler, 1981, p. 79), and eleven is considerably less than

nference does not follow from the intermediate premise of the earth’s motion or lack
elative to each other. In deriving the appearances of, say, the stars, the Copernican and
, and the conclusion follows from the genus (that there is a change in relative motion).
’t a case of deriving a true prediction from false premises (ibid., p. 77).
e alij rei cognatae accommodatur, seipsam prodit: nisi sponte concedas argumentatori
sibijpsi constet. Aliter se res habet cum eo, qui Solem in centro collocat. Nam iube

egredi, progredi, vnum ex alio colligere, et quiduis agere, quae veritas rerum patitur:
fractibus in se vnum constantissimè reuertetur’ (Kepler, 1937–, Vol. 1, p. 15).
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the end it happens that because of the linking of syllogisms in
demonstrations [syllogismorum in demonstrationibus implexum],
given one mistake an infinite number follow. (Kepler, 1984,
p. 140)20

Because the Copernican system links all the retrogressions to-
gether by making them the result of the earth’s orbit, the values
for one planet must agree with those for another. As a result, one
can use the measurements of the retrogressions of one planet to
function as a check on the measurements of the retrogressions of
other planets. We get multiple agreeing measurements of the same
phenomenon (the earth’s orbit) from independent sources (the
various planets). The more independent tests we have available
to test the hypothesis, the less believable it is that the hypothesis
yielded the correct prediction by chance.

Kepler’s view on the relationship between interconnectedness
and the ability to check for errors and, as mentioned in the previ-
ous section, the ability to identify causes are not points that either
Rosenkrantz’s or Forster & Sober’s approach articulate. Are these
points in line with Myrvold’s and McGrew’s account of the eviden-
tial benefits of unification? Kepler’s focus on the linking of syllo-
gisms to check for errors has much in common with the
crossword analogy used earlier. In addition, there is Kepler’s
requirement that one needs to apply a hypothesis to a related topic
and that one does this effectively only when the ability to add
other false propositions as needed is limited. Myrvold’s formula-
tion suggests that once you have information about one parameter,
one can use this to make predictions about the expected values of
other related parameters. This both allows the application of the
hypothesis to a related topic and restricts the opportunity to mod-
ify the theory to accommodate unexpected outcomes. Informa-
tional relevance imposes constraints on the outcomes compatible
with the hypothesis.

There is one interesting difference between Myrvold’s and Kep-
ler’s position. As noted earlier (in note 3), for Myrvold, the Ptole-
maic hypothesis gets the same confirmational boost from
informational relevance even if informational relevance comes at
the cost of unexplained coincidences (one can produce informa-
tional relevance by simply stipulating a coincidence between the
retrogressions and the position of the planet relative to the sun or
the mean sun). The penalty, for Myrvold, is imposed on the prior
probability (unexplained coincidences have lower priors) but not
on the amount by which the posterior probability increases (Myrv-
old, 2003, p. 415). By Bayesian standards, then, the unexplained
coincidences provide the same amount of evidence as the explained
interconnections. For Kepler, these unexplained coincidences, since
they are not necessary to the theory and thus can be removed and
replaced with other false propositions as needed, will not give the
same confirmational boost. This is because flexibility undercuts
our ability to check for mistakes and so undercuts Kepler’s response
to the sceptical problem. On this matter my intuitions follow Kep-
ler’s rather than Myrvold’s (though I don’t have space to argue for
them here). Also, Kepler’s emphasis on how the Copernican system
gives causal explanations where the Ptolemaic does not, and his
emphasis on how the retrogressions measure the same cause, are
not captured by Myrvold’s account (though it is similar to Harper’s).
Myrvold’s account does not distinguish between informational
20 ‘Atque, ut in proverbio monentur mendaces, ut sint memores: ita hic falsae hypotheses
fuerint accommodatae, morem hunc verum concludendi non retinent, sed seipsas produ
inconvenienti dato, sequantur infinitae’ (ibid., Vol. 20.1, p. 21).

21 Also, as Hallyn (1990) and Westman (1975) indicate, Copernican harmonies resonate wi
this further, but that is my next project.

22 The Ptolemaic system is very beautiful and elegant, but in a different way than the Cope
in the following way. For the superior planets, the radius from the center of the epicycle to
the line from the center of the epicycle to the planet is on the same line as that from the eart
65–67). Kepler (1981), p. 81, discussed this aspect of the Ptolemaic system and emphasized
relevance which results from a causal connection between the phe-
nomena and some other kind of connection.

5. Conclusion

The picture that I have been illustrating of early Copernican
arguments is one in which the superior harmony of the Copernican
system is, at different points, associated with different features
articulated in the modern debate about constraints. Copernicus
and Rheticus liked Copernican harmonies because the interconnec-
tions restricted the number of possible models that could be con-
structed for the planets. This removed uncertainty, which was
important to Rheticus, and enabled the Copernican system to ex-
plain phenomena in a more satisfying way than the Ptolemaic.
Rosenkrantz’s view on explanation and its connection with sample
coverage seems a good analysis of this position, though it is not a
perfect fit given Copernicus’s and Kepler’s emphasis on efficient
causal explanations. The fit between the early Copernicans and
Myrvold, McGrew, and Forster & Sober is also not clean. Like For-
ster & Sober, Kepler argued that overly flexible theories could track
observed data points too easily, but Kepler’s point is that they
could accidentally track good data, whereas Forster & Sober argued
that they could track noise in the data. Like Myrvold and McGrew,
Kepler emphasized the importance of links within a theory, but I
interpreted him to deny any evidential status to links that invoke
unexplained coincidences. Myrvold’s formalism allows any type
of informational relevance to supply a confirmational boost. What
matters for Kepler, and possibly Rheticus, is that when one gets
agreeing measurements of the earth’s motion from the different
retrogressions, these agreeing measurements increase confidence.

While the fit between modern views on constraints and the
arguments of early Copernicans isn’t perfect, it is close and the dis-
crepancies reasonable. In many cases the discrepancies result from
an interest in giving an account of the causes, which is in keeping
with Renaissance epistemology (see, e.g., Jardine, 1988). Many phi-
losophers of science today show a preference for metaphysically
lean accounts and so the early Copernican interest in efficient cau-
sation may not fit neatly with modern approaches. Given the above
considerations, the interpretation that early Copernicans had at
their disposal evidential arguments and intended these arguments
as such seems considerably more plausible than the interpretation
that their arguments were solely aesthetic or pragmatic. None of
this is to say that early Copernicans did not offer aesthetic and
pragmatic arguments as well. They did, and a complete story of
would include these arguments as well.21

All of these features—the number of outcomes compatible with
the theory, the links that supply constraints, and the flexibility of
the theory—are the result of the harmonies one finds in the Coper-
nican system. I suspect that this use of ‘harmony’ is historically sig-
nificant. I have not seen this particular metaphorical extension of
the term in earlier astronomical literature. In a way this is not sur-
prising; the harmonies one finds in the Ptolemaic system are not
the same.22 Further, that we see a decrease in vagueness from
Copernicus and Rheticus to Kepler indicates that there was an in-
crease in awareness of the evidential benefits of this type of har-
mony. This is the sort of pattern one would expect with the
development of a new idea. If I am right that this metaphorical
, verum semel fortuitò concludentes, in progressu demonstrationis, ubi alijs atque alijs
nt. Ita tandem fit, propter syllogismorum in demonstrationibus implexum, ut uno

th aesthetic trends in the culture more generally. It would be interesting to investigate

rnican. For example, the deferent-epicycle system for each planet is indexed to the sun
the planet is kept parallel to the line from the sun to the earth. For the inferior planets,
h to the sun. This is required by the data, rather than imposed on it (Martens 2000, pp.
that while the Ptolemaic system cannot give a causal explanation, the Copernican can.



266 R. Martens / Studies in History and Philosophy of Science 40 (2009) 258–266
extension is tied to the views on evidence noted above, then this
may represent a turning point on views of evidence in the history
of astronomy. This is missed if we interpret the arguments from har-
mony and simplicity as solely aesthetic or pragmatic.
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