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Abstract. Aristotle claims that fechné is productive knowledge (poiétiké epistemé). It
is tempting to think that here ‘epistémé’ is used loosely, and thus productive
knowledge is far away from any form of scientific knowledge. We argue that in fact
for Aristotle productive bodies of knowledge are bodies of knowledge that can be
modelled in terms of demonstrations. The relevant notion of demonstration is the
same one Aristotle uses to account for the science of nature (physike epistemé),
namely that of demonstrations with premises that are true either of necessity or for the
most part. In this sense, for Aristotle fechné is as scientific as the natural sciences are.
We consider how Aristotle conceived of the relation between fechnai and other
sciences and how he can tell technical and natural sciences apart. Our interpretation,
we claim, also explains the sense in which technical knowledge is productive.
Technical demonstrations effectively break down a task into a set of sub-steps. For
example, the demonstrations that constitute the art of house-building show you what
steps you need to follow in order to build a house. So technical knowledge is
productive because its demonstrations are production-guiding. Along the way, we
consider how technical sciences relate to the sciences of nature and how their being
productive by itself does not disqualify them as sciences.
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Techné as a Science in Aristotle — Aimar & Pavese

§1. Introduction

Technai for Aristotle are things like the art of medicine and the art of building. When it
comes to characterizing what techné is, he is prima facie inconsistent. Sometimes he states
that techné is a productive form of knowledge1 (poiétike epistéme; see esp. Met. ©.2 1046b3).
Yet in the Nicomachean Ethics he famously states that techné is of what can be otherwise
(EN V1.4, 1040alff), whereas knowledge (epistemé) is only of what is necessarily the case
(EN VI3 1139b19ff and V1.6 1140b31ff). So here fechné is not knowledge. One is left
wondering: In what sense, if any, does techné qualify as knowledge?* This is the question we
ask in the present essay.

Given how flexible the extension of the term ‘epistémé’ seems to be throughout the
corpus, one way to avoid inconsistency is to conclude that the passages that deny that fechné
is epistemé employ a narrow notion of episteme. Here ‘epistémé’ may stand for scientific
knowledge—the type of knowledge that can be modeled in terms of scientific demonstrations
(apodeixeis; cf. Post. An. 1.2 71b9-70b19, EN VIL.3 1139b30ff). By contrast, when Aristotle
says that techné is epistemé, he employs a notion of knowledge which is weaker than
scientific knowledge—a type of knowledge that cannot be modelled in terms of scientific
demonstrations. If so, Aristotle is consistent after all.’

Yet although the weak-knowledge interpretation of techné does settle the problem of

consistency, it does not fit well with the passages in which fechneé is treated on a par with

' For the most part, we translate epistémé as ‘knowledge’, but sometimes translate it as ‘science’ (see Fine: 2010
and Bolton & Code: 2012 for support for the knowledge-translation; see the next fn for initial motivation for the
occasional science-translation). Burnyeat’s (1981, 2011) seminal pieces make an important case for translating
‘epistemé’ with ‘understanding’ whenever it is used in its strictest sense. Yet his translation may not help one to
bring out connections among Aristotle’s different notions of episteme. As we shall see, some of these
connections are crucial for present purposes.

2 Just like the term ‘knowledge’ in English, ‘epistémé> can be used either to refer to a cognitive state of having
knowledge or to content which can be known. The latter in some cases can be a body of knowledge that satisfies

"}

the requirements for being a science; if these cases, one can translate ‘epistemé’ as ‘science’. Aristotle assumes
that the status-sense and the content-sense of ‘epistemé’ correlate, and switches back and forth between them.
Similarly, sometimes he uses ‘techné’ to refer to the state of having a given type of content in the soul (cf. EN
VIL.4 1140a6-10). Some other times he treats technai as bodies of knowledge, and thus refers to the content of
cognitive states that qualify as technai (cf. Post. An.1.13 78b13-17). So one can also state the view that techné is
a science by saying that the content of cognitive states that are fechnai qualifies as a scientific body of
knowledge.

* This view is often implicitly assumed in the literature. The view is widespread, we believe, partly because of a
general tendency to understand fechné by merely relying on EN VI. For authors who make this assumption the
most explicit see Lorenz & Morison (forth); see also Moss(2014b). See Bronstein (2016: 60) for a recent
example of an author who implicitly assumes a contrast between techné and a scientific (i.e. demonstrative)
body of knowledge. Coope (forth) allows for the claim that fechné is a science, but denies that it is a
demonstrative body of knowledge. Angier (2010: ch.2) has a similar position in this respect.
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disciplines that seem to qualify as sciences. In the Prior Analytics, for instance, Aristotle
states that disciplines like geometry, astronomy and technai involve scientific demonstrations
(Pr. An. 1.30 46a18-27; see also Post. An. 1.14 79a21-23 and Post. An. 11.12 96a8-19). In
several other passages he also treats fechnai on a par with further sciences.* Overall, this
suggests that technical knowledge does in some sense qualify as scientific.

This essay argues that for Aristotle technai are demonstrative bodies of knowledge
and in this sense they qualify as sciences. The claim that technai are demonstrative bodies of
knowledge might seem to clash with the very beginning of the Posterior Analytics, where
demonstrations are exclusively associated with claims that are true of necessity (cf. Post. An.
[.4 73 a21-24, 1.6 5-12, 1.33 88b30-33; cf. also EN VI.6 1140b31ff). Call strict sciences the
bodies of knowledge that can be modelled in terms of these demonstrations only include
claims that are true of necessity. Admittedly, technai do not qualify as strict sciences. For
they concern not only what is the case of necessity but also what is the case for the most part
(hos epi to polu) (cf. Met. E.2 1027a20-25). But over the course of the Posterior Analytics
Aristotle broadens up his notions of demonstration and demonstrative knowledge
(apodeiktiké epistémé) up to the extent of telling us that a demonstrations contain claims that
are true either of necessity or for the most part (Post. An. 1.30 87b19-27; cf. Post. An. 1.14
79a21-24, Post. An. 11.12 96a8-19). Thus the bodies of knowledge that can be modelled in
terms of these demonstrations include claims that are true for the most part. Call these bodies
of knowledge non-strict sciences. Our claim is that fechnai are non-strict sciences. Unlike the
connection between natural sciences and the category of non-strict sciences, the connection
between the category of non-strict sciences and technai has remained largely unexplored. On
the assumption that natural sciences involve demonstrations that include claims that are true
for the most part, the argument we develop in this essay implies that natural and technical

sciences are structurally alike.’

* For example: Top. 2.6 145a15-18, Met. E.1 1025b7ff, Met. E.2 1026b3ff, EN VI.10 1142b34-1143a4, Met. K.7
1063b36ff, Met. K.8 1064b17ff, Post. An. 1.13 78b13-17, Met. A.9 1074b38a2, De Cael. 111.7 306a16, EE 1.5
1216b6ff (esp. 1216b17-18).

> A number of scholars has explored whether and to which extent natural sciences fall under the category of
non-strict demonstrative sciences. For instance: Cooper (2004: 137-147); Detel (1999: 55-59), Ferejohn (1991:
117-23, 2013: 82-84 & 165-167); Gotthelf (1987: esp. 197-198, 2011), Kullmann (1997), Leunissen (2010a:
35), Lennox (2001a: 128, 2001b: 25-33), Reeve (1992:1-5 & 13-22). These scholars are sympathetic towards a
yes-answer. Not so Barnes (1969: 134): “The natural sciences, being non-rigorous and “for the most part” are
not demonstrative sciences”. For milder skepticism, see also Lloyd (1996a: 32-37). Here we will largely
presuppose a sympathetic picture when it comes to natural sciences being non-strict sciences, but also offer
some arguments in its support (§5-6).
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The barebones of our argument are as follows. We first consider Aristotle’s claim that
techné is productive knowledge (Met. ©.2 1046b3). As we shall see, Aristotle expands on this
claim by telling us that techné is logos. We argue that here a logos is an account of what the
product of the techné is. For instance, the art of house-building is an account of what a house
is (cf. Met. 7.7 1032a32-b6, Met. 7.9 1034a30-1034b1, Met. A.4 1070b33, PA 1.1 641b13).
Such an account does not refer to particulars, and spells out causal paths that lead to the
production of houses (§3). We then look at whether technical accounts are robust enough to
qualify as demonstrative bodies of knowledge (§4-5). We argue that the reason why Aristotle
often seems to take technai to be analogous to other sciences—especially the natural
sciences—is that, just like other sciences, technai can be systematized as sets of
demonstrations. The Posterior Analytics sketches examples of demonstrations which
plausibly include premises that are true not of necessity, but for the most part. We reconstruct
some of these demonstrations and consider how some of them belong to the science of nature
(physike epistémé), and some of them belong to technai (§6). We conclude from here that
technai are demonstrative bodies of knowledge, and that in this respect they are structurally
analogous to the natural sciences.

One may worry that on our account technai are in fact too similar to the sciences of
nature. For instance, since both medicine and biology study health, if they are both
demonstrative bodies of knowledge, it is unclear how Aristotle can avoid considering
medicine as a branch of biology. In §7, we clarify how technai differ from and relate to other
sciences. We argue that medicine and biology differ because the demonstrations that belong
to medicine involve reference to artificial causes of health and these causes are not spelled
out by the biological demonstrations of health. Yet this is not to say that there is no sense in
which medicine and biology are closely related. For Aristotle, as we shall see, the science of
medicine is subordinate to biology in the sense that medicine inherits first principles from
biology (De Resp. 480b22-30, De Sensu 1.1 436al17-b1). More generally, technai often relate
to other sciences so as to presuppose some of the theorems of these sciences.

We close by pointing out three implications of our picture. First, the difference
between technical sciences and other sciences allows Aristotle to state that the content of
technical knowledge 1is distinctively productive (§8). This is because technical

demonstrations effectively break down a task into a set of sub-steps to be performed, at least
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in part, by the artisan. The content of this knowledge is productive in the sense that it is
production-guiding. Our picture also explains why, although fechnai are not contemplative
sciences (theorétikai epistémai), one can nonetheless consider them to be scientific bodies of
knowledge (§9). Finally, on our interpretation one can both preserve a sense in which technai
are sciences and understand Aristotle’s claims about fechnai throughout the corpus as
consistent. Our reading is compatible with the statements we read in the ethical writings
because, when Aristotle denies there that techné is epistéme, he uses ‘epistémé’ in a narrow
sense that only applies to strict sciences (§10). We conclude that Aristotle has a consistent
conception of techné throughout the corpus. On this conception, fechnai are non-strict

sciences.

§2. Technai as productive forms of knowledge

Metaphysics 0.2 takes technai to be productive forms of knowledge (poiétikai episte’maz’):6

(T1) Since some principles (archai) of this sort are present in the things that lack a soul, and
others in things that have a soul, and in a soul and in the part of the soul that has reason
(logonm), clearly some powers will be non-rational and some will involve reason (meta logou).
Hence all fechnai, i.e. all productive forms of knowledge (kai hai poiétikai epistémai),7 are
powers; for they are principles of change in another thing or [in the thing itself] gua other.

Emel &'al wev €v tolg dpiyols Evumdpxovowy apyol totaltat, ol 8'év tolg Epudiyols kol £v Yuxdi
xat g YuxAs €v T@ Aoyov ExovTt, 07jAov &TL xal TRV Suvapewy al uév Ecovtat dhoyot al O& HeTd
Aoyov. S10 Taoat atl Téxval xal al TomTixal EmaTot Suvauels elatv- dpyal yop petafAntixal
elow v &N 7| 7 &Mo. (Met. ©.2, 1046a36-b4)

The passage introduces a distinction between rational powers (meta logou dunameis) and
non-rational powers (alogoi dunameis). The former, but not the latter, belong to the rational

part of the soul. We shall focus on the claim that they are productive forms of knowledge.

® This is not the only place where Aristotle assumes that technai are productive forms of knowledge, although it
does seem to be the most explicit. See also Mer. E.1 1025b7ff, where Aristotle takes there to be difference
sciences (epistemai), including productive disciplines (poiétikai, 1025b21, 25) and seems to have in mind
technai with the latter category. Similarly, Met. E.2 tells us that sciences are practical, productive and
contemplative (1026b4-5); ditto Top. 7.6 145a15-18; see also Met. K.7 1063b36ff—esp. 1064al10-11 and
16-17—and Met. K.8 1064b17ff, although their authenticity remains in dispute. Aristotle also uses ‘epistemé’ in
such a way that it includes fechnai at: Met. A.9 1074b38a2; De Cael. 111.7, 306a16; EE 1.5 1216b6ff (there is an
explicit reference to “productive sciences” at 1216b17 and medicine is given as an example at b18); Top. Z.6
145a15-18; Post. An. 1.13 78b13-17 (we return to this passage in §7), Post. An. 1.12 77a40-41; Post. An. 1.32
88b10-13; EN 1.2 1094a25ff (Rowe translates it with ‘expertise’ here, but this might not be the best choice).

" The translations of this essay are curated by Simona Aimar.
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This claim is made in passing, by means of an epexegetic kai (1046b3),* so as to provide
support for the view that technai are rational powers. But what exactly does it mean to say
that technai are productive forms of knowledge?

Aristotle does not quite raise this question. But he does identify technical knowledge

. 9 .
with an account (logos) some lines later:

(T2) And for each of the ones in accordance with logos, the same [powers] are of their
contraries (enantion), but for the non-rational ones, one [power is] of one [outcome] — say the
hot only of heating, but medicine both of illness and health. The reason is that knowledge is
logos, and the same logos reveals both a thing and its lack.

Kot al pév uetd Aoyov méoat tév évavtia al adtal, al 8¢ dloyol pla £vdg, olov o Beppodv tod
Bepuaively povov 1 02 latpixy) véoov xal vytelag. aitiov 8¢ 6Tt Adyog £aTiv 1) EmaTAmY, O 8¢
A6Y0g 6 adTOg SNAOT TO TTPdy e kol THY oTépnow. (Met. ©.2, 1046b4-7)

Here ‘knowledge’ refers to the knowledge that fechné consists of. So (T2) tells us that

technical knowledge is an account (logos) (1046b7-8). This claim is meant to support the

¥ Here treating ‘xol’ as epexegetic seems preferable. Burnyeat (unpublished notes), ( Ross (1924, ad. loc.),
Tricot (1953, ad. loc.), Coope (forth), and possibly Pseudo-Alexander (see below) agree with this reading. Note
that the assumption that the kot is epexegetic is needed to make sense of Aristotle’s present argument for the
claim that technai are rational powers, and also to make sense of the subsequent argument for the claim that
technai are for contraries (10464ff). As Coope (forth) points out, Aristotle defends the latter claim on the ground
that productive knowledge is for contraries.

Ross’ apparatus (1924, ad. loc.) states that Pseudo-Alexander (presumably, Michael of Ephesus—cf.
Goulet: 1989, ad loc.) cites line 1046b3 by inserting ‘xal al’ after ‘“momtical’. Pseudo-Alexander says: “Atd
Thool al téxval al te TomTeal, ¥ te olxodopny) xal 1 vauTywer, xol ol émiotiuat (xowdtepov 8¢ téxvag elne
TG emothpag) Svvapels siolv” (In Met. Commm. 569.3-6). This translates: “Because of that, all technai are
powers: both the productive ones, like the art of house-building and the art of ship-making, and the sciences (he
has called the sciences ‘fechnai’ in a broader sense).” It seems at least possible that Pseudo-Alexander might
(over)interpret, rather than cite, Aristotle, and it may well be that he reads 1046b3 as containing only one ‘koi’.
Similarly, Aquinas in his commentary (ad loc.) glosses line 1046b3 by saying that for Aristotle there are two
kinds of technai, those that make one produce an external product, the productive ones, and those that don’t
make one produce a further product. Yet the Latin translation Aquinas plausibly worked
with—Moerbeke’s—does not contain an additional ef. So his gloss also seems to be the result of an
(over)interpretative choice. Further, since the sub-archetype in which the mistake has occurred (Harlfinger’s v)
may be rather old—even if not as old as the above-mentioned manuscripts—it may be that Pseudo-Alexander
actually read that text.

Note that all the recentiores have ‘xoi ai’ after ‘momtikol’ (pace Ross’ apparatus, which misreports

them as only containing an additional ‘xal’). On this version of the text, Aristotle would say that all the
productive disciplines and all the sciences (epistémai) are powers. But (a) the addition of ‘xal al’ is not attested
by all the ancient manuscripts of Harlfinger’s stemma (E, J, and A®), nor by any of the available Latin
translations, and (b) it makes the sentence syntactically problematic. So the insertion is probably either the result
of copyists’ mistakes (easy ones to make) or an interpolation related to a reluctance to think of technai as
epistémai (a reluctance that this paper hopes to weaken).
? In the chapter, logos might initially be used to refer to the faculty of reason (1046b1-5). From 1046b7 onwards,
Aristotle clearly uses logos to refer to an account. The implicit connection between these two senses is that logoi
are rational accounts, namely accounts of things that one possesses in virtue of having the faculty of reason. See
Moss (2014a: 182, and 2014b) for a helpful account of these senses of /ogos in Aristotle.
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view that rational powers differ from rational ones because they are for contrary outcomes.
For instance, medicine enables a doctor to bring about both health and sickness.'’ Aristotle
claims that the reason medicine can do both is that it is in some sense an account of both
health and its privation, namely sickness.

We find again the claim that techné is a logos in Metaphysics 7..7:

(T3) [I]n the case of fechné what comes to be are the things of which the form (eidos) is in the
soul (by ‘form’ I mean the what-it-is of each thing, namely its primary being). For 1iln fact
contraries have in a sense the same form; for the being of a privation is the opposite, like
health of disease; thus disease is the absence of that; and health is the account (/ogos) in the
soul, namely the knowledge (epistémé) [of health].

[AlTd téxvng 8¢ yiyvetow owv o 1806 v 7 Yux (€180g 8¢ Aéyw t6 Tl Av elvat Exdotov xai Ty
TpWTY odalaw), xal yop Thv Evavtiny TpoToY T to adtd £l80g: THg Yop oTEpioEws ovaia 1
&vtixelpév, olov dylelo vooov; éxelvng yap dmovola 7 véoog, N 6¢ dyleta 6 €v tfj Yuxf A6yos
xat 7 émomun. (Met. Z.7, 1032a32-b6)

Like (T2), (T3) assumes that a techné is productive of contrary outcomes. But here Aristotle
gives us more information about the notion of logos. A logos is an account of what something
1s (1032b1-2; cf. Phys. 11.1 193a30-31).12 For instance, the logos of medicine is an account of
health, namely an account that states what health is. Similarly, the art of building consists in
an account of a house, namely an account stating what a house is. That is to say, a technical
account states the essence of the product of the given fechné. In this sense, it defines the
product. So technai are definitional accounts that state what their products are.

According to (T2), having an account of X is also in a way having an account of its
contrary. Aristotle concludes from this that technai are productive of contraries. Note that

here Aristotle does not aim at establishing that technai are productive. He presupposes as

10" Aristotle shares the assumption that rational powers are for contraries with Plato (cf. Phaedo 97d1-5,
Charmides 166e7-8, Republic 1 333e-334a). He refers to this claim while describing Academic views at Met.
M.5 1078b26-7. We agree with Menn (ms: §111a2) that although here Aristotle leaves open that some rational
powers may not be technai (pace Beere: 2009, 79fY), technai are a paradigm case. So it is important for Aristotle
to show that his picture delivers a commonly accepted and distinctive feature of fechnai: their being for
contraries. For a comprehensive picture of the use of ‘techné’ in Plato, see Balansard (2001).

"'We read ‘tii¢ y&p otepioeng ovoia 1) avrikeévn’, following E. Primavesi’s edition currently reads ‘t#i¢ yap
otepiosws ovaia 1) Tt odalot dvtixetuevy.

12 (T3) contains both the claim that to have a techné is to have a logos and the claim that to have a techné is to
have the form of X in one’s soul. But this is just because the passage does not carefully distinguish between a
logos and what the Jogos refers to. Strictly speaking, to have the form of X is in the soul is to possess an account
of X, namely an account that states what X is. Aristotle identifies techné with a form in the soul in several other
passages, including PA 1.1 641b13, GA 11.1 735a2-4, Met. Z.9 1034a30-1034b1 (where he says that whoever has
the techné has the form potentially), and Mez. A.4 1070b33 (where he states that the art of building is the form
of the house, and the art of medicine is the form of health).

7
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much. Rather, (T3) provides us with an argument for the claim that the productivity of
technai is for contraries. It goes like this. Since techné is productive knowledge, and this
knowledge is an account of X, techné is productive of X. An account of X is also,
derivatively, an account of not-X. But then, the given fechné is productive of not-X too. For
instance, if one knows what health is, and one knows that sickness is the lack of health in a
body, then one knows what kind of thing the bodies of sick people lack, and so what sickness
is. But then, to the extent that knowing what health is puts one in a position to produce health,
it also puts one in a position to produce sickness. So, given that technical knowledge is
productive of what it is knowledge of, it is productive of contraries. -

Here the fact that one can deny an account of X so to obtain an account of not-X
suggests that the account is somehow propositional.'"* Moreover, given that this account is
meant to make an artisan produce the outcome(s) in a variety of circumstances, it is plausibly
at some level of generality. But that is all one can gather from these passages, and this is a
pity. To be sure, much more needs to be said for Aristotle’s picture of techné to work. Among
other things, we still do not know why Aristotle feels entitled to assume that an account of a
product qualifies as productive. We also do not know exactly what information about the
product this type of account provides us with. This is important because, on some ways of
understanding the notion of a definitional account of the product, Aristotle’s view of technai
becomes implausible. Sometimes he defines health as uniformity in the body (cf. Met. Z.7
1032b20-1032b21). This account states what health is. But it cannot be the sort of account
that makes someone a doctor. If Aristotle is to avoid the conclusion than most of us are

doctors, the notion of an account in play in Metaphysics ©.2 and Metaphysics Z.7 has to be

13 Beere (2009: 88-89) argues, correctly in our view, that the argument for the two-directionality of techné goes
through only if techné consists entirely of the logos. For any further component might stand in the way of the
two-directional productivity of the power: “One can now see how important it is for Aristotle that rational
powers do not merely involve rational comprehension (along with other things) but simply consist in it. The
rational comprehension is itself the guide for motion, and thus it is a guide that can be reversed, because it
consists in an account and accounts can be denied. The reversibility of the arts depends, in the end, on the
deniability of statements. But if something other than rational comprehension were also involved—e.g., certain
habituated movements—then Aristotle could not argue that the power to produce F + is also the power to
produce F —” For an alternative view, according to which technai encompass the logos and a further
component, corresponding to empeiria, see Johansen (2017: 113-114, and forth). Cambiano (2012: 22) also talks
of the logos of techné as one of the components of techné. By contrast, this essay assumes that Aristotle’s
technai consist entirely of /ogos/knowledge. Yet this assumption is not indispensable for our arguments to
succeed. The reader who prefers to think that a fechné only partly consists of knowledge can take our arguments
to provide an account of that part of a rechne.

'* Moss (2014b) also supports this claim on the basis of further passages.

8
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much more informative than that of a minimal definition of the product. But then, so far,
Aristotle has hardly told us enough about what kind of knowledge techneé is.

In the face of this difficulty, it is tempting to think that Aristotle’s claim that techné is
knowledge of the product might just be fast and loose. After all, he does not seem to even
bother arguing for it. Yet it seems to us that this conclusion should nonetheless be resisted.
This is because, if we are correct, Aristotle does have a view of what technical accounts look
like. It is a view according to which technical knowledge is rich enough to qualify as a
science. But it is also a view for which Aristotle does not argue all at once. Accordingly, our
argument for the claim that technical knowledge is scientific requires a number of steps. We

aim at making them in the rest of this paper.

§3. Technai as causal accounts at the level of universals

The first step of our argument for the view that technical knowledge is scientific knowledge
consists of establishing that technical knowledge (i) is merely at the level of universals and

(i1) involves a grasp of explanations of the product.15

i) Technical accounts are at the level of universals

Let us say that a definitional account of X is at the level of universals when ‘X’ denotes a
universal, and its account includes no reference to particulars. Aristotle states that techné

concerns universals in several places. Here is Metaphysics A.1:

(T4) To have a judgement that when Callias was suffering from this disease this benefited
him, and similarly with Socrates and many other individuals, is a matter of experience
(empeirias). But to judge that it benefits everyone of a certain sort, marked off in accordance
with a single form (kat 'eidos hen), who suffers from this or that disease (e.g., the phlegmatic
or bilious ones when burning with fever) is a matter of techné.

TO pev yop Exew VTOANYPW dtL Kadhior xpuvovTt Tvol ThY v000v TOOL GUYHVEYXE XAl SWKPATEL
xol xofExootov oltw ToMoig, éumeiplag éotiv- o &'éTL TAGL TOlG TOOlode xaTeldog £V

'S Here Aristotle shares with Plato the view that knowledge is merely at the level of universals and involves a
grasp of the causes of X. In the Meno, for example, Plato says: “True beliefs (doxai)...[when] one ties them
down with reasoning about the cause (aitias logismos)...become epistemai” (98a)—cf. also Gorg. 465a and
Gorg. 501a. See Moss (2014a) for a discussion of Plato’s conception of logos and Moss (2014b) for a discussion
of Plato’s conception of episteme.
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&dopilobeiot, xdpuvovol ™Sl T vooov, cuvrjveyxey, olov Tolg GAeypatwdeow 7 xolwdsol
TupétTovat xadow, téxvns. (Met. A.1, 981a7-12)'°

We find here a contrast between fechné and experience (empeiria). If one has experience of
healing, one can judge whether a particular individual suffers from a given disease. So
experience concerns the level of judgement about particulars. But someone who has the
techné of medicine possesses knowledge at the level of universals. She can judge what
benefits whoever has a certain sort of disease. This is because her knowledge is at the level of
universals: it concerns what makes a given class of people healthy. So, for example, medical
knowledge includes claims of the form: ‘a given kind of medicine makes a person in a given
kind of state become healthy’.

(T4) does not rule out that techné also involves a grasp of particulars, and several
scholars have assumed that it does.” Yet in the Rethoric Aristotle rules out that a grasp of

particulars is part of techné :

(T5) [N]o techné looks at the particular. For instance, medicine does not look to what is
healthy for Socrates or for Callias, but rather what is healthy for someone of a given sort, or
the ones of a given sort: for this is a matter of techné (entechnon), whereas the particular is
indefinite and not knowable.

[O]0Sepio 88 téxvn oxomel 10 xabExactov, olov N latpuey Tl Swxpdtel TO VyLewdy éotw 1
Kohia, dM& Tt t6) Totdde % T0ig Totoiode (tobto yap Evtexvov, 6 0¢ xal'Exaatov dmetpov xol
ovx ématnTo). (Rhet. 1.2, 1356b30-33)

Technical knowledge does not look at particulars. For particulars are not objects of

knowledge (1356b33).]8 For example, medicine is not knowledge of what it healthy for

'® We follow Primavesi’s edition of the text (Primavesi & Steel: 2012, 465ff), and preserve ‘toig pAeypateddeoy
1| xohwdeot Tupettovot xavow’ (bracketed in the OCT) but omit ‘4’ before ‘mupéttovat’ (as originally suggested
by Jackson).

17 For some recent examples of scholars making this assumption, see Johansen (2017 and forth) and Moss
(2014b). Note that Aristotle only explicitly states that in order to bring things about one needs to be acquainted
with particulars. This falls short of stating that knowledge of particulars is part of the content of techné.
Johansen (2017: 103-105, and forth) suggests that techné includes knowledge of particulars. He argues on the
basis of an analogy with phronésis, and thus relies on the fact that at EN VI.7 1141b15-23 Aristotle says that
phronesis includes knowledge not just of universals but also of particulars. We think that Aristotle’s point about
phroneésis does not extend to techné. We postpone arguments for this last claim to a future occasion.

'8 (T5) adds that the kind of knowledge that a techné consists of cannot be of particulars because the latter are in
some sense indefinite, and therefore cannot be an object of knowledge (1356b32-33). Elsewhere he says that one
cannot define nor demonstrate particulars (cf. Met. Z.15 1039b27-29, where the point is however only made in
connection with individual substances). If this claim applies to particulars in general, perhaps the thought is that
since the account which is fechné is a definition of a product, it is cannot be of particulars (cf. Post. An. 11.13
97b26-28, where Aristotle states that a doctor does not define what a specific eye is, but what kind of thing an
eye is). Devereux (1986: 497) acknowledges that for Aristotle fechné is merely at the level of universals when it
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Socrates, nor for Callias. Instead, medicine is knowledge of what brings about health in a
given type of patient—say, someone who has fever. Presumably, the same point applies to
the things that are healthy: a doctor knows what kind of things restore or preserve health. But
then, technical accounts make no reference to particulars at all. They consist of
generalizations that exclusively belong to the level of universals.

This is not to say that medicine has no bearing at the level of particulars. Rather, for
Aristotle medicine does study the health-states of particular people, but only insofar as these
states instantiate the universal of being healthy. Thus, Aristotle tells us, “doctors do not
determine what is healthy for some particular eye, but rather for every eye, or for some kind

of eye”!? (Post. An. 11.13 97b26-28). In this sense, technai just study universals.

(ii). Technical accounts are explanatory

Metaphysics A.1 also tells us that technical knowledge is in some sense explanatory:

(T6) [W]e still think that knowledge (eidenai) and comprehension belong to fechné rather
than to experience (empeirias), and we take artisans to be wiser than experienced people
(which implies that in all cases wisdom depends rather on knowledge [than on experience]).
And this is so because the former [i.e. artisans] know the cause, but the latter [i.e. experienced
people] do not. For experienced people know that the thing is so, but do not know why, while
the others grasp (gnorizousin) both the why (fo dioti) and the cause. Hence, we think that the
masters (tous architektonas) of each [techné] are more honourable and know in a truer sense
than the manual workers (ton cheirotechnon), and are wiser, because they know the causes
of the things that they produce (ton poioumenon), so that artisans are wiser not in virtue of
being able to act, but in virtue of having the account (logos) for themselves and grasping the
causes.

[T]6 ye eidévar xal To0 émaisw Tfi Téxvn T éumelplag dmapxew oidueba uaMov, xal
codwtépovg Todg TEXVITAG TRV EuTelpwy VTOAaufdvousy, ¢ xatd TO eidévat HAANOY
axolovboioay v codloy Téaot- Todto &'étL ot uev Ty aitioy ioaaw ot 8'ob. ot uev yap Eumetpot
10 6t pev loaat, diott 8odx {oaow- ol 68 1o StoTL xal v aitiov yvwpifovow. Sd xai todg
APYLTEXTOVAG TEPL EXNTTOY TULWTEPOVG Xal MAMOV ldéva vouifouey TGV XELPOTEXVGRY Xol
c0dwTépovs, &TL Tag altiog TRV TOLOVHEVWY o0aLY, Mg 0D KTl TO TPAXTIXOVG EWVaL GOGLTEPOS
dvtag, GG xate T Adyov Exely adtodg xal T abtiog yvwpilew. (Met. A.1, 981a24-b6)*

comes to fechnai like medicine and rethoric. We have not found conclusive evidence for the claim that this
picture only applies to disciplines that qualify as fechnai in the proper sense of the term. Coope (forth) takes
(TS) to imply that all the explanations that belong to the body of knowledge that constitutes a fechné are at the
level of universals, like we do in the main text.

1900 ydp L 6pBau® AéyeL T DyLewdy 6 tatpds, &M 7 vt 1) eldet ddoploag.”

0 Like Primavesi (Primavesi & Steel: 2012, ad loc.) and the OCT, we take ‘todg §'domep kol T6v dpiyewy Eviat
Tolel gy, ovx eldbta Ot otel & motel, olov xatel 6 THp—rd uév odv dpuxa dvoet Twi Totel TodTwy ExacTov Todg
8¢ xetpotéxvag 6UEbog’ (b2-5) to be an interpolation. So we do not include it in (T6).
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Here again we have a contrast between techné and experience. This time the contrast is not
drawn in terms of grasping universals versus grasping particulars, but in terms of knowing
the cause of some fact versus knowing that the fact is the case. In the passage, to know ‘the
why’ means knowing a correct answer to a why-question about X, which in turn picks up the
cause of X.*' So if one knows why-X one possesses explanation(s) in relation to X.
Moreover, here the term ‘master’ (architekton, 981a30) refers to whoever has the relevant
techné. The expression ‘manual-worker’ (cheirotechnés, 981a31-32) seems to either refer to (a)
whoever can perform the actions prescribed by a techné but lacks the techné itself or (b) to
someone who has a subordinate (hupéretike) techne. 1f the former, she merely has experience.
If the latter, her techné is subordinate to the architektonike techné, and she uses her techne to
do what the architekton tells her to do (e.g. build a door of these dimensions here), without
knowing the higher fechné’s reasons for why it is appropriate for him to use his subordinate
art in this way.?

(T6) associates again techné with having an account of the product (981b6) and gives
us more information about this sort of account. Aristotle states that artisans know ‘the causes
of the things that are produced’ (981b1). This line is compatible both with the claim that each
artisan knows a single cause of the product, and the claim that an artisan grasps a causal chain
that leads to the product. Since the context contrasts artisans with people who can nonetheless
bring about the product, Aristotle seems to implicitly assume that somehow the artisan relies
on this causal account to bring about the product. This suggests that a technical account has
to be rich enough to allow a doctor to judge what steps are needed to bring about the product
in a given sort of situation. So plausibly the artisan knows why a given product comes about
in the sense of grasping causal chains that lead to the product. For example, in order to be
able to establish what kind of cure a given disease requires, a doctor has to know different set
of causes of the product, and in fact grasp a number of causal chains that lead to health.”

A comparison with natural sciences can be helpful here. Biologists grasp the essence
of living things. Here too grasping the essence is not just a matter of grasping a minimal
definition of living things. At some level of explanation, one might grasp certain definitions

of living things without being a biologist. For instance, our knowing the mere definition of

2L Cf. Phys. 11.3 194b18-20.
22 Cf. Pol. VI1.3 1325b22-23.
2 We shall see how this reading is further supported by other passages in subsequent sections (see esp. §8).
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human being does not quite suffice to make us scientists of human biology. Rather, what
characterizes biological knowledge is that this sort of knowledge can be systematized in a
rigorous fashion and that her full system can provide explanations for why living things have
the characteristics that they do. By analogy, technical accounts have to be robust to contain

systematic sets of explanations about a given sort of product.

§4. Analogies between technai and other sciences

So far, we have seen that technical knowledge involves knowing causal paths to a product,
and that they are at the level of universals. For Aristotle, both of these features are
requirements for scientific knowledge. In fact, sometimes Aristotle does go as far as to treat

technai on a par with other sciences:

(T7) Quick-wittedness (synesis), and also good quick-wittedness, in virtue of which we say
that some are witty or have good wit, are neither entirely the same as opinion nor knowledge
(for otherwise all [of us] would be witty), nor are they one of the particular sciences (ton kata
meros epistemon), such as medicine, which is concerned with what conduces to health, or
geometry, which is concerned with magnitudes.

"EoTt 0¢ xol 1) ovveats xal 7 edovveoia, xal’dg Aéyouey ouvetods xai edovvétovs, 096’6hws To
adtd EmoTiun 1| 808N (Tavteg yap &v foav ovvetol) obte Tig ulo TRV xaTd HEPOG ETLTNIUEY,
olov 7 tatpixy) Tepl Dylewav, 7 yewpetpla ept peyebn. (EN VI.10, 1142b34-1143a4)

Geometry is concerned with magnitudes and medicine with health. Both disciplines fall under
the scope of kata meros epistémai (1143al-2). This expression seems to refer to a systematic
body of knowledge about a particular aspect of reality.”* Accordingly, (T7) suggests that
medicine and geometry are both disciplines that in some way systematically investigate a
particular aspect of reality.

Now what makes these bodies of knowledge systematic? In the Prior Analytics,
Aristotle states that philosophy, technai, and all other kinds of study (mathe'ma)25 involve the
same method (46a3). Shortly afterwards, he adds:

2* For the claim that geometry studies magnitudes see also Rhet. 1.2, 1355b29-30; cf. also Phys. 11.2 193b23-25
and Met. M.3 1078a21-22, where Aristotle talks about mathematics in general. For the claim that most sciences
mark off a certain aspect of reality and focus on it, see Met. E.1 1025b7-9.

5 There is a question of whether ‘pafnua’ at 46a4 refers to (i) applied mathematical sciences, like optics, that
are thus dependent on experience; or (ii) all mathematical sciences; or (iii) any discipline more generally. Striker
(2009: ad loc.) prefers (ii), following Bonitz’s suggestion that the term in the plural always denotes
mathematical sciences. We are inclined to follow Philoponus and other ancient commentators in favoring
(iii))—so does Smith (1989: ad loc.).
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(T8) [I]t is the business of experience to provide the principles (fas archas) of each
[discipline]. I mean for example that astronomical experience [provides the principles] of the
astronomical science (tés astrologikes epistemés) (for once the phenomena had been
adequately apprehended, the astrological demonstrations were therefore discovered).
Similarly with any other sort of techne or science (kai peri allén hopoioanoun techneén te kai
epistemén). So that, if the things belonging to each are grasped, we will then be prepared to
readily bring the demonstrations (tas apodeixeis) to light. For if nothing that truly belongs to
the things has been omitted in the survey, we will be in a position to find and show the
demonstration of every thing of which 2téhere is a demonstration, and to make clear of which
things there is no natural demonstration.

[Tl&g pev Gpxds tag Tepl Exaotov éumelplag £0Tt Tapadolval, Aéyw &olov THv daTpoloyxiy
MEV EuTelploy THG AOTPONOYIXTiG ETUOTAMNG (ANdOEvTwY yap Ixavdg T&Y Pavopévwy odTwg
gvpébnoav ai dotpohoywcal amodeiéels), Opolwg 8¢ xal Tept &Ny oTtotavodv Exet Téxvny Te xal
ETLOTAUNY- WOTEay AndBfj Td dmapyovta Tepl Exaatov, Nuétepov 7o Tag dmodeitels ETolpuwg
Eudovilew. el yap undev xata ™V lotopilay mopodetdbein tév AR dTapxdvTLwY TOlS
TPAYUaow, ELopey Ttepl BTovTog 00 v E0Ty ATodEeléls, Tty eDpely xal dtodetxvivat, ob 88
U7 TEpuxey aodeléLg, TolTo TolEly pavepoy. (Pr. An. 1.30, 46a17-27)

The passage draws an important analogy between technai and other bodies of knowledge. In
a discipline like astronomy, one spells out demonstrations on the basis of principles that are
ultimately derived from experience (empeiria) (462119-21).27 We shall not focus on the
reference to experience here. What interests us is how Aristotle generalizes his overall point.
Just like in astronomy, he says, “in any sort of techné and science” (46a22) we must start
from principles and from these infer demonstrations (apodeixeis). That is to say, in this
passage he commits to the claim that both technai and other bodies of knowledge consist of
demonstrations.”

Let us look into what ‘demonstration’ may mean here. In (T8), ‘demonstration’ is
either used in (1) the proper sense of scientific demonstration, or it denotes (ii) a syllogism, or
it is used in (iii) a somewhat weaker sense.” A syllogism is Aristotle’s notion of a deductive

inference (Pr. An. 1.1 24b18-20). A demonstration is a syllogism via which, when we possess

% The claim that a discipline proves things can either mean that a discipline demonstrates facts, or it can be
interpreted as the more precise point that a discipline demonstrates which attributes belong to a given subject.
We aimed at offering a non-committal translation, to the extent that this was possible. If one prefers the former
option, 46a24-25 might best translate as: ‘For if none of the truths that pertain to facts has been omitted...".

" For other contexts in which science and fechnai are both said to derive in some sense from experience, see
Met. A.1981alff., and Post. An. 11.19 100a4{f.

% See also PA 1.1 639a12-32 and EE 11.11 1227b28-32, taken together, for further methodological analogies
between technai and the sciences of nature; the latter passage in particular appear to compare the principles
grasped by geometricians to the ones grasped by doctors.

» For general remarks directed to support the view that elsewhere Aristotle uses ‘demonstration’ in a somewhat
even looser sense, see Lloyd (1996b: 31ff).
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it, we have knowledge of the conclusion (Post. An. 1.2 71b18-19). Among other things, its
premises must be true, prior to, and explanatory of the conclusion (Post. An. 1.2 71b19-33;
Post. An. 1.6 74b27-28).

Aristotle seems to have in mind scientific practice when he refers to ‘principles from
which things get demonstrated’ in (T8) (46al17-18). For in his view sciences are bodies of
knowledge where all the claims are demonstrated from a set of indemonstrable principles
(Post. An. 1.2 71b26-27, 72al14-15, 72a19-20).>° If so, (T8) presupposes the theory of science
of the Posterior Analytics. This speaks for option (i).31 On this option, here Aristotle plausibly
claims that sciences and technai consist of demonstrations in order to establish the weaker
claim that they are both structured in terms of deductive inferences. But then, all technai and
sciences are systematized in terms of demonstrations derived from first principles.

If one were to adopt the weaker assumption that here ‘demonstration” merely denotes
syllogisms—option (i1)—(T8) would suggest that fechnai and other sciences can be modelled
in terms of deductive inferences. In fact it would claim that both fechnai and other sciences
are deductive bodies of knowledge, where the relevant deductions proceed from indeducible
principles.

Thirdly, Aristotle might here be using ‘demonstration’ even more loosely, in the sense
of somehow establishing something without this being necessarily accomplished through
inferences, let along demonstrations.”> Although we take the fact that the language of this
passage is highly reminiscent of the Posterior Analytics not to speak in favor of this third
option, it seems to us that we cannot fully rule it out on the basis of (T8) alone. What we will
assume for now is that Aristotle takes it that there is something about the method of all
technai and sciences that makes them all alike. For further progress, we need to turn to the

Posterior Analytics.

% See also the reference to natural demonstrations at 46a27—cf. Post. An. 1.26 87a17-20, accounted for by
Malink (ms: §3-5)—this is the paper Malink will present at the Princeton Classical Philosophy Conference this
December.

3! Alexander (In Pr. Anal. 330.31ff) commits to the claim that in the chapter Aristotle has in mind scientific
demonstrations. Bronstein (2016: 125-127) also assumes that in (T8) Aristotle has in mind scientific
demonstrations. Like Alexander, he does not consider how to square this with the fact that fechnai are into the
picture.

32 Coope (forth) does not directly consider (T8), but endorses a view of this sort about fechnai. She suggests that
“the conclusion of a demonstration, unlike the conclusion of a productive explanation, is entailed by its
premises”; she adds that “Aristotle never suggests that the steps in a productive explanation are logically
entailed by the first principles of the craft, as the steps in a chain of demonstrations are entailed by the first
principles of the relevant theoretical science”. Since the point of (T8) extends to technai, this last remark by
Coope implies that she commits to a (iii)-reading of (T8).
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§5. How technai fit into the framework of the Posterior Analytics

How far exactly does the analogy between technai and sciences like geometry and astronomy
go? In the Posterior Analytics, Aristotle uses geometry and astronomy as examples of bodies
of knowledge that can be systematized as sets of demonstrations—for short, demonstrative
bodies of knowledge, or sciences. We find examples of demonstrations from both geometry
and astronomy throughout (e.g., for geometry, Post. An. 1.5 74al3ff; for astronomy, Post. An.
1.8 75b33-36) and Aristotle often assumes that these disciplines are sciences (epistémai) (cf.,
for geometry, Post. An. 1.10 76b39 and 1.12 77b1ff; for astronomy, cf. Post. An. 1.13 78b40).
We will assume that in his view a demonstrative body of knowledge respects at least the
following features. Each proposition included in a demonstrative body of knowledge is true,
and merely about universals. If the proposition within the science is not an indemonstrable
claim, one can provide its explanation by deducing it from further premises (Post. An. 1.2
71b9-23). These premises are either conclusions of further demonstrations, or they are
indemonstrable first principles (archai) (cf. Post An. 1.2 72b19-20). Now should fechnai also
be understood as demonstrative bodies of knowledge?

From what we have seen so far, there are a number of reasons to think that technai,
just like geometry and astronomy, are demonstrative. Technical knowledge merely concerns
universals and the same goes for demonstrative bodies of knowledge. Having the fechné of X
involves knowing the cause of X, and the premises of demonstrations are explanatory of the
conclusions. If so, the prospects for thinking of technical knowledge as demonstrative look
quite promising. On top of this, Aristotle refers to technai or examples thereof at several
points in the Posterior Analytics. We find explicit references to medicine (Post. An. 1.12
77a40-41, Post. An. 1.13 79al3-16, Post. An. 1.32 88b10-13; cf. also Post. An. 11.13
97b26-28), some general references to technai (Post. An. 1.1 77b21, Post. An. 11.11 95a8,
Post. An. 11.19 100a8-9), and also examples of demonstrations that seem to belong to the art

of war (Post. An. 11.11 94a36-b8), and the art of house-building (Post. An. 11.12 95b31-37).%

3 We discuss these demonstrations in §6. There is also a demonstration of why walking is good for digestion
(Post. An. 11.11 94b9-26) which plausibly belongs to medicine, but might also be regarded as pertaining to
biology; we wonder whether it may even belong to both.
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This suggests that for Aristotle fechnai might be bodies of knowledge which are somehow
structured like mathematics and astronomy.
Yet evidence in the other direction arises when one considers how Aristotle

characterizes the notion of demonstration at the beginning of the Posterior Analytics:

(T9) Since that of which there is unqualified knowledge (epistémé haplos) cannot be
otherwise (adunaton allos echein), that which is known in accordance with a demonstrative
knowledge (kata tén apodeiktiken epistémén) will be necessary (anagkaion). Therefore, the
demonstration is a syllogistic inference (syllogismos) from necessary premises (ex
anangkaion).

Etel §ad0vatov dMwe Exevod 0T ETUOTAUY ATTAG, dvoryxaiov &v e 1o émotntdv 1o xatd
THY ATOSEKTIXYY ETUOTAUNY- ATOOELKTIXY] &'ETTY TV EXOMEY TG ExELY ATLOOEEW. 'EE avaryxaiwy
&pa cuNOYLoUOS EaTy 1) dtdSelgLs. (Post. An. 1.4, 73 a21-24)

On the notion of knowledge (epistémé) at work in (T9), if one knows something, one is in a
position to demonstrate it. Crucially, the notion of knowledge associated with demonstrations
concerns things that hold of necessity.34 So the conclusion of a demonstration must be true of
necessity. This is guaranteed only if the premises of the syllogism are true of necessity. But
then, demonstrations have premises and conclusions that are true of necessity.

(T9) implies that demonstrative bodies of knowledge only include necessary truths.
Call these bodies of knowledge strict sciences. Disciplines like mathematics and astronomy

meet the necessity-requirement without problem: they involve claims like the following:

(1) The sum of the angles of a triangle amounts two two right angles.

That is to say, they are constituted of the sort of claims that are true of necessity (cf. Post. An.
1.4 73b39-74a4, Post. An. 1.5 74a251t, and Post. An. 1.6 74b5ft, taken together). Yet technai
cannot be sciences of this sort. After all, technai are concerned with things that belong to the
realm of contingency, namely products of human agency like houses or states of health (cf.
EN V1.6 1140b34-1141al). But then, technai seem to deal with non-necessary truths. So
perhaps technical knowledge is not demonstrative, and technai and other mathematical

sciences are not much alike after all.

3* For the claim that epistémé can only be of necessary truths, see also Post. An. 1.2 71b9-16, Post. An. 1.6
75al12-14, EN V1.3 1139b19-23.
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Let us sharpen our reasoning a little bit. Whether or not a body of knowledge can be
systematized in terms of demonstrations depends on whether (i) it contains only claims that
connect universals and whether (ii) these claims are true of necessity. We have seen that
technai meet (i). The question, then, is whether they fail to meet (ii). In principle, the fact that
products of techné are contingent particulars might not entail that the generalizations of a
techné fail to be true of necessity.” Since these generalizations hold at the level of universals,
it all depends on whether technical truths include contingent claims about universals. Yet it
seems that they do. Aristotle’s examples of technical generalizations seem to include the

following:

(2) The foundation of a house is made of stones (Post. An. 11.12 95b35-36).
(3) Honey-water is beneficial to the feverish (Met. E.2 1027a23-24).

None of (2)-(3) seem to hold of necessity. So on the face of it technical knowledge cannot be
modeled in terms of the scientific demonstrations introduced in (T9). Accordingly, technai
are not strict sciences.

The fact that technai are not explained in terms of the demonstrations that apply to
mathematical and astronomical sciences may not fully settle whether these disciplines are
demonstrative. For it remains to be explained why Aristotle refers to technai at several points
in the Posterior Analytics. Note that technai are not the only bodies of knowledge that
include contingent claims to appear in the Posterior Analytics. Within the treatise, several of
Aristotle’s examples belong to the science of nature. They concern things like thunder (cf.
Post. An. 11.8 93b8-14), plants (Post. An. 11.16 98a37ff), and ice (Post. An. 11.12
95a16-95a20). Yet Aristotle’s science of nature includes claims that are not true of necessity,

such as the following:

(4) Light things move upward. (Phys. VII1.4 255b10-11)

(5) Human molar teeth are broad. (Phys. 11.8 198b26)

(6) All crabs have the right claw bigger than stronger than the left. (H4 V.3 527b6-7)
(7) Walking is for the sake of evacuation of the bowels. (Phys. 11.6 197b23-5)

35 Lorenz & Morison (forth) assume that, in the case of the natural sciences (only), generalizations at the level of
universals are true of necessity even though they derivatively concern particulars which exist contingently.
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In his view, these claims are not true of necessity. But then the question of why technai
appear in the Posterior Analytics is an instance of a broader question: if demonstrations only
have premises and conclusions that are true of necessity, why does Aristotle use examples
from bodies of knowledge that involve non-necessary claims?

To answer this question, it is crucial to keep in mind that over the course of the
Posterior Analytics Aristotle broadens up his notion of knowledge. From Posterior Analytics
[.14 onwards (79a21-24), we find the claim that scientific bodies of knowledge contain not
only claims that are true of necessity but also claims that are true for the most part. Unless

they are first principles, these claims are demonstrable:

(T10) There is no knowledge (epistemé) through demonstration of what holds by chance (apo
tuchés). For what holds by chance is neither necessary nor for the most part, but [it is] what
comes to be contrary to these; and demonstration is of one or other of these. For every
syllogism is either through necessary or through for the most part (hos epi to polu) premises.
And if the premises are necessary, the conclusion is necessary too; and if for the most part, the
conclusion is of this sort too. Hence if what happens by chance is neither for the most part nor
necessary, there will not be demonstration of it.

To? §'amod ToxNg 0vx EaTy ETOTAUY OUATodelEews. obte yap wg dvoryxolov 008t £l TO TOAY
TO GO TOYNG £0Tly, A TO Ttapd Talta ywopevoy- N §'amodetbig Hatépov TodTwy. TG yap
gvAoylouog 9 Svdvayxaiwy 7 Sid T@v wg mi To TOAD TpoTATswY- Xai el uév ol TPOTATELS
avayxaiot, xol 1O CUUTEPATUa dvoryxoioy, el 8'wg €Tl TO TOAY, xol TO GUUTEPAGUA TOLOTTOY.
OOTel TO Gmd ToYNG UAB WG Tl TO TOAD UAT dvaryxolov, odx &v ein adtod dmddeilis. (Post. An.
1.30, 87b19-27; see also Post. An. 11.12 96a8-19)

The passage clearly weakens the necessity-condition on premises of demonstrations. Here
‘syllogism’ (syllogismos, 87b21) and ‘demonstration’ (apodeixis, 87b19, 21, and 27) both
refer to scientific demonstrations. Hence, there seems to be two kinds of demonstrations:
those that demonstrate claims that are true of necessity, and those that demonstrate claims
that are true for the most part. The former are demonstrations where all the premises are true
of necessity. The latter are demonstrations where at least some of the premises are true not of
necessity, but merely for the most part—henceforth, FMP-demonstrations.

When it comes to FMP-demonstrations, Aristotle keeps it short. Plausibly, like the
qualification ‘of necessity’, the qualification ‘for the most part” does not belong to the logical
form of premises of demonstrations. It belongs to the meta-level from which Aristotle

describes the status of these premises. The contrast with necessity suggests that for the most
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part premises have a weaker modal force.*® The context also seems to presuppose that both
FMP-demonstrations and necessity-demonstrations (those with only claims that are true of
necessity) are deductive inferences. But there is much more left to clarify.

For instance, it is not clear from (T10) whether one can have demonstrations
involving two premises that are true only for the most part, or whether at least one premise
has to be true of necessity.”” The passage also does not tell us what ‘for the most part’ is
supposed to mean. It is not a given that in the corpus ‘for the most part’ is used univocally.*®
We cannot offer here a full account of the formal status of these demonstrations, if indeed any
can be provided.”” But it is at least worth keeping in mind that if both premises can be true
merely for the most part, and demonstrations are to be valid syllogisms, then the expression
‘for the most part’ cannot stand for ‘most’ or ‘in most cases’. This is because, if A belongs to
B in most cases, and B belongs to C in most cases, it does not follow that A belongs to C in
most cases.*’ So here ‘for the most part” must mean something else.

Now let us try to make some progress by taking a closer look. One thing we can

gather from (T10) is that there is a notion of epistemé in the Posterior Analytics whose

3¢ Aristotle states that what is for the most part pertains to the realm what is contingent at Pr. An. 1.3 25b14-15
and 1.13 32b4-13. This is of course compatible with the claim that the modal force associated with what happens
for the most part is stronger than mere contingency, as long as it is weaker than necessity.

37 Pr. An. 1.27 43b33-35 refers to syllogisms where “all or some” (43b35) premises are true for the most part. If
FMP-demonstrations are meant to be syllogisms of that sort, this passage provides some support for the claim
that both premises of FMP-demonstrations can be true for the most part.

3% Cf. Irwin (2000b) and Henry (2015). For accounts of the expression ‘for the most part’ see also Mignucci
(1975: ad loc.), Mignucci (1981), Judson (1991), Reeve (1992: 13ff and 2000: §2.3-4), Anagnostopoulos (1994:

ch.6), Winter (1997), and Velarde Lombrana (1999).

% Nor have we found a fully satisfactory account of FMP-demonstrations in the literature (for references to
some interesting accounts and some thoughts, however, see fn48). We can envisage pessimistic readers
wondering: What is the point of showing that technai include FMP-demonstrations, if there is no guarantee that
Aristotle has a consistent notion of FMP-demonstration? We sympathize. But we belong to the optimistic
camp ®. To the extent that the pessimist can be persuaded, we ask them to consider the argument of this
paper—if successful—as motivation for the assumption that Aristotle took himself to have a consistent notion of
FMP-demonstration, and thus in turn to provide us scholars with motivation for investigating this notion further.

“ For further discussion of this point, see Barnes (1994: ad loc.), Reeve (1992: 13ff; 2000: 28ff), and
Anagnostopoulos (1994: ch.6). In the fact of this difficulty, some scholars opt for keeping the assumption that
‘for the most part’ means most, and discharging the assumption that FMP-demonstrations are deductively valid
inferences, especially when it comes to fechnai (e.g., Di Piazza: 2007, 2011, 2012, 2017). We are cautiously
inclined to think that, other things beings equal, this view should be the last resort. Although in the Rethoric
Aristotle does have a notion of inference that need not be deductively valid (Rhet. 1354a14-1355a5), we cannot
find sufficient textual evidence that this notion is in play in (T10). Nonetheless, the reader who is inclined to
endorse this weak-picture of FMP-demonstration can rest assured that our present arguments—with small
amendments—may still apply under under that assumption too. Or at least, this is so as long as one can
individuate a notion of validity weaker than classical validity in terms of which demonstrative inferences can be
systematized. For a contemporary account of a notion of deduction that is not classically valid, and aims at
accommodating inferences involving generic statements, see Veltman (1996).
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content concerns both what holds for the most part and what holds of necessity. (T10)
contrasts the object of this knowledge with what happens by chance. This is not surprising. In
Aristotle’s view what happens by chance happens accidentally (kata sumbebékos), and in his
view knowledge only concerns what is not accidentally the case—namely, what is the case
per se (kath’ hauto).*' For instance, a triangle has three sides per se, or in virtue of what it is
to be a triangle. So it is no accident that triangles have three sides. This implies that the claim
that a triangle has three sides can be the object of knowledge. By contrast, the fact that people
love houses is not true in virtue of what houses are. So this fact is not the case per se, but
accidentally so. Accordingly, it is not studied by any science.*

Aristotle contrasts what is true of necessity or for the most part with what is

accidental also in other places in the corpus. For instance:

(T11) Since then among entities some are always the way they are and of necessity (not in the
sense in which we say that something is forced, but in the sense in which we say that it cannot
be otherwise), and some are not of necessity nor always, but for the most part (hds epi to
polu), this is the principle and the cause of the accidental being the case. For that which is
neither always nor for the most part the case, we call ‘accidental’.

Emtel odv €otiv v 1ol 0001 Ta ev del hoadTwg Exovta xol ¢§ avayxng, od THg xatd to Plotoy
Aeyopévng @AY Aéyousy T@ 1) evoexeabot dMws, Ta 8'e4 dvdyxns uév odx oty 0dd'del, tg
&éml o oM, adty dpxn xal alty aitia éoti oD elvot tO ovuPePnxds: 6 yap &v 7| wATdel
uAB g emti o oMY, ToTTd dapey ouuPePnrdg elvan. (Met. E.2, 1026b27-1027a33; cf. Met.
A.30 1025a16-19)

Here again what is not accidental is either the case of necessity (and therefore always) or for
the most part. Within the same context, he claims that epistémé is also about what holds for
the most part:

(T12) [T]hat there is no knowledge (epistemé) of the accidental is clear; for all knowledge is
either of that which is always or of that which is for the most part (hds epi to polu). For how
else is one to learn or to teach another? For one must characterize [things] either as holding
always or as holding for the most part, e.g. that honey-water is beneficial to a feverish person
is true for the most part. But what is contrary to this cannot be stated: when this does not
happen, like on the day of new moon; for what holds on the day of new moon also [holds]

41 Cf. Met. E.2 1026b2ff. Now in Posterior Analytics 1.6 Aristotle tells us that what is accidental does not hold
per se (Post. An. 1.6 74b5-12) but also equates what holds per se with what holds of necessity (74b5-12;
75a29-30). This is because at that stage in the treatise Aristotle works with a narrower notion of epistémé,
associated only with strict sciences. As we have seen, these sciences only look at what holds of necessity.
Within these domains what is not accidental is true of necessity. (T10) broadens up the notion of what holds
non-accidentally—i.e. per se—and can therefore be an object of knowledge up to including not only what is true
of necessity but also what is true for the most part.

# Posterior Analytics 1.6 tells us that if something holds per se, it is true of necessity (75a29-30).
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either always or for the most part; but the accidental is contrary to this.

[‘O]t §'¢motiun ovx £att Tob cvpPefnrdtos Pavepdy: EMoTAUNUEY Yap TTdoa ¥ Tol del v} ToD
wg €Tl TO TOAD. Tig yap A pabroeton 7 Siddget dMov; Sel yap wpioBot 4 Téy del 7 ¢ tg €Tl To
TOM), 0loVOTL ODEMUOY TO UeNiXpaTOV TG TVPETTOVTL (g Tl TO TTOMD. 16 8¢ Tapd TodTo ovY
ggeL Aéyew, Tote off, olov vovunvia: % yap &el 9 wg éml td ToAd xal t T vovunvig: to 8¢
ovpPepnxds ot mapa tadta. (Met. E.2, 1027a19-1027a28,; cf. Met. K.8 1065a30ff)

Here ‘always’ (aei, 1027a20, 22, 25) seems proxy for necessary.*® Accordingly, the claim is
analogous to what we find in (T11): epistemé concerns what is not accidental, and this is the
case either of necessity or for the most part. So the expression ‘for the most part’ seems to be
used in the same way as in (T10). On the broader associated notion of epistémeé,
demonstrative bodies of knowledge include claims that hold for the most part. We shall call
these bodies of knowledge non-strict sciences. If we put (T11)-(T12) and (T10) together,
then, we get the claim that non-strict sciences are demonstrative.

(T12)’s example also tells us that the following claim is true for the most part

(1027a23-24):

(8) Honey-water is beneficial (i.e. restores health) to the feverish person.

Claim (8) plausibly belongs to medicine. So we have a case of fechné that includes claims
that are for the most part. The context of Metaphysics E.2 suggests that here Aristotle
assumes that not only technai but also further sciences concern what holds for the most part.
These include the study of nature.** Aristotle confirms that the study of nature concerns what

is the case for the most part elsewhere (cf. GA IV.4 770b9-17, 777a19-21, and 727b29-30;

# Aristotle points out in EN V1.6, among other places, that in his view what is necessary is the case always and
in every case (1140b23-4). On the backdrop of this assumption, he often introduces what is for the most part by
contrasting it with what is always the case (cf. Post. An. 11.12 96a18-22; Top. V.1 129a6-16; Phys. 11.5, 196b10)
and with what is the case in every case (HA V.14 545a14-18; PA 111.2 663a28). It is however worth keeping in
mind that sometimes within these contrasts Aristotle may be using ‘for the most part’ in the mere sense of
frequency. We can assume that the frequency reading ‘for the most part’ is not relevant for our purposes,
because on that reading what is for the most part can be accidental. For further passages that explicitly contrast
the for the most part with what is necessary, see Pr. An. 1.13 32b5-10 and Top. B.6 112b1-9.

“ In this chapter, Aristotle uses ‘epistémé’ to refer both to contemplative sciences, productive sciences, and
practical sciences (cf. 1026b4-5), and takes the study of nature to fall under the first heading. At 1027b34-35 he
raises the question of whether the claim that in the dog-days one has storm and cold occurs for the most part. It
is also plausible that Aristotle thinks here of practical sciences as concerned with what holds for the most part.
For a defence of this last claim, see Anagnostopoulos (1994), Winter (1997), Irwin (2000b), Allen (2015: 62),
and Nielsen (2015: 35-44); for concerns, see Henry (2015: 189) and Lorenz & Morison (forth). Although we
take the account of this essay to bear relevance for the domain of practical sciences, we bracket them on this
occasion.
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HA 1V.3 527b6-7, GC 11.10 336b21-2, PA 663b28-29, Phys. 11.7 198b4-9). In Physics 11.8, he
adds:

(T13) When something happens always or for the most part, it is not accidental nor by
chance. In the case of things that hold by nature, [they hold] always thus, if nothing prevents.

AN étav Todto alel 9 wg €Tl 16 TOAD Yévntal, 0d auufefrrodg 008’ amod ToxNS: € O TOlg Ppuatxols
ael obtwg, &v un TLéumodioy). (Phys. 11.8, 199b24-26; cf. 199b17-18)

The passage assumes that nature includes reference to what is the case for the most part. For

instance, in this context Aristotle takes claims like the following to be true for the most part:

(6) Human molar teeth are broad. (198b26)

In fact, in his view each of (4)-(7) is true for the most part.*> He also claims that nature and
techné works in the same way (cf. Phys. 11.8 199a9-16, 199a34-b7, and 199b26-33). So the
point of (T13) plausibly extends to technai. But then, both natural and technical disciplines
look at regularities that are true whenever nothing prevents. So in his view each of (3)-(8)
states what holds unless something prevents.*® Thus both technai and the sciences of nature
are bodies of knowledge that include what holds for the most part. We suggest that the notion
of holding for the most part these sciences involve is the notion of holding for the most part
that Aristotle connects with epistemé in (T13) above. If so, in his view natural sciences and
technai are demonstrative bodies of knowledge involving FMP-demonstrations.

The next section substantiates our picture further by showing that the Posterior
Analytics contain examples of demonstrations which pertain to both kinds of disciplines and
some of whose premises that hold for the most part. Before looking at examples, let us make
one more remark on the notion of for the most part which is in play in (T10)-(T13). We have
already mentioned that ‘for the most part’ is not to be interpreted as meaning ‘most’. (T13)
helps us to expands on this a little bit. As we have seen, in this passage Aristotle tells us that

what happens for the most part is such that it happens if nothing prevents (199b26). We take

# Cf. Phys. VIIL4 255b10ff, HA 1V.3 527b6-7, Phys. 11.6 197b23-25; see also PA 1.1 663b27-28 and Phys. 11.8
198b34-36, where Aristotle claims: “These and all other natural things either always or for the most part come
about in a given way, but not so for what happens by chance or spontaneously.” (“Talta v yop xal Tavto T
dioel 1 alel obtw ylyvetaw 4 wg emti 0 TOAD, TéV §'&1d THXNG xal ToT avTopdTov 003€v.”) See Ferejohn (2013:
165-167) for further discussion of examples like the one illustrated by claim (6).

4 We discuss the status of (2) in the next section.
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the reference to lack of preventing conditions to provide a gloss on the notion of for the most
part.?’

There are further passages in which Aristotle refers to what holds in the absence of
preventing conditions, mostly in connection with technai (cf. Phys. 11.8 199a9-16, Phys.
VIIL.4 255a34-b5 and 255b22-23; Met. ®.5 1048a16-21 and Met. ®.7 1049a5-11) and nature
(Phys. 11.6 197b23-25, Phys. VIIL.4 255b5-11, GA 1V.10 778a4-9, HA 1V.3 527b6-7). This
further supports the claim that, when Aristotle thinks of these disciplines as concerned with
what holds for the most part, he takes these disciplines to include generalizations about what
happens when nothing prevents. We thus suggest that FMP-demonstrations involve a notion
of ‘for the most part’ that correlates with the lack of preventing conditions. Accordingly,
these are demonstrations involving premises and conclusions that are true when nothing
prevents. Needless to say, much more needs to be said to fully flesh out the formal nature of
FMP-demonstrations. But hopefully this point already helps us to see that these

demonstrations may not be dismissed from the outset as hopelessly invalid.*®

§6. Examples of natural and technical demonstrations

The Posterior Analytics contain several examples of demonstrations related to both the

sciences of nature and technai. Often Aristotle states these demonstrations in compact form

#7 For another author who makes a similar suggestion in passing, see Menn (ms: §Ig1).

* We are currently inclined to think that Aristotle probably accepts the following: (i) for the most part claims
when indefinite can be precisified by means of a quantified copula; (ii) if ‘A belongs to all B’ is true for the
most part, it is true that ‘necessarily, if nothing prevents, A belongs to all B’. For authors who defend a view in
the ballpark of this thought, see Reeve (1992: 13ff and 2000: 27ff), Anagnostopoulos (1994: ch.6) and Irwin
(2000b: 106ff); cf. also Kiefer (2007: 92-93). Striker (1985) contains a helpful discussion of
FMP-demonstrations, and is inclined to think that Aristotle hasn’t quite made up his mind about the details of
FMP-demonstrations. Note that if one thinks that only one premise of FMP-demonstrations is true for the most
part, their logical status is easy to settle: one premise is true of necessity and the other has a weaker modal force,
and might even just be spelt out in term of possibility. Yet if one wants to allow for both premises to be true for
the most part, more work is in order. In principle it seems to us that if ‘for the most part’ does not belong to the
logical form of premises and conclusions of demonstrations, then its gloss in terms of ‘if nothing prevents’
plausibly does not belong to the logical form of these claims either. The qualification ‘if nothing prevents’ may
(A) directly restrict the modal domain one appeals to when describing the status of claims of a demonstrations,
so to state that they are necessary whenever nothing prevents. Or, provided one assumes that premises and
conclusions of demonstrations are always implicitly or explicitly quantified, the qualification ‘for the most part’
may (B) restrict the domain of quantification of a non-modally quantified copula (say, ‘belongs to all’) so that
we only have to consider scenarios in which nothing prevents when assessing the truth-value of the quantified
claim. Either way, we end up having either a restricted necessity claim. Perhaps Aristotle has in mind something
along these lines when thinking of FMP-demonstrations. The question of whether this picture always guarantees
valid inferences, and if so on what basis, requires of course further scrutiny. We shall leave a proper account of
FMP-demonstrations to future occasions.
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but with some work it is possible to spell them out in full. We shall consider two examples of
demonstrations belonging to natural sciences and two examples of demonstrations belonging
to technai.® As we shall see, all of these demonstrations involve premises that are true only

for the most part—they are FMP-demonstrations.

1) River Demonstration

In Posterior Analytics 11.15, Aristotle alludes to a couple of demonstrations concerning

rivers:

(T14) Why does the Nile flow more abundantly at the end of the month? Because the end of
the month is stormier.

A ti 6 Nethog dBivovtog tol pnvog uaMov pel; Stot xetueplatepog dpBivey 6 pels. (Post. An.
I1.15, 98a31-32)

The passage implicitly assumes a point he made earlier on—namely that for each
why-question and its answer there is an associated demonstration where the cause is picked
up by the middle term and the effect is described by the conclusion (cf. Post. An. 11.2 90a6-7,
1.8 93b9ft, 11.11).

To find the conclusion of our demonstration we need to look at the claim contained in
the why-question, that the Nile flows more abundantly at the end of a month. It is slightly
surprising to find a reference to the Nile here. Strictly speaking, demonstrations contain only
universal terms. Aimar (ms) argues that in Posterior Analytics 1.8 Aristotle claims that one
can replace a terms that appears within a demonstration with another term, where the latter
term denotes a particular which instantiates the relevant universal the particular term
instantiating the universal denoted by that term, so to get a syllogism that, “as it were,
accidentally” (&domep xata cvuPefnrds, 75b25) demonstrates the conclusion. Accordingly,
one can extrapolate the relevant universal demonstration from this kind of syllogisms, by
replacing the term denoting a particular with the relevant universal it instantiates. We shall

assume this picture here.

% A healthy number of papers has made the case for the claim that Aristotle applies his scientific method in his
discussion of the natural sciences—cf. Leunissen (2010a) for an example, with a direct focus on the Posterior
Analytics. On the similarities between demonstrations in the natural sciences and geometric demonstrations, see
Gotthelf (1987: 197-198, 1997, and 2011) and Lennox (2001b). For methodological similarities between strict
sciences and natural sciences, see also Angioni (2002), Balme (1987), Bolton (1987, 1997), Charles (1997,
1999, 2000), Detel (1997, 1999), and Pellegrin (1986).
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The proper demonstration to be associated with (T14) is thus presumably about rivers
of a certain sort, rather than just about the Nile. The middle term picks up the cause
mentioned in the answer to the why-question—namely the fact that it the relevant period is

stormier. So, the demonstration Aristotle has in mind goes along the following lines:
A: Such-and-such rivers flowing more abundantly.
B: Stormier periods.

C: The end of the month.

River Demonstration

Such-and-such rivers flowing more abundantly belong to stormier periods.
Stormier periods belong to the end of the month.
So,

Such-and-such rivers flowing more abundantly belong to the end of the month.

This demonstration belongs to the study of nature. The status of the first premise is not
obvious. But plausibly the second premise is true for the most part rather than of necessity.
This is because presumably it is not necessarily the case that there are more storms at the end
of the month than at any other time of the month—this is only the case if nothing prevents the
natural course of things. It follows that the conclusion of this demonstration is true only for

the most part.

2) Broad-Leaved Trees Demonstration

Here is another example of demonstration from natural sciences:

(T15) [W]hy do trees shed leaves? If it is because of solidification of their moisture, then if a
tree sheds its leaves, solidification must be the case, and if solidification is the case—not for
everything but for tree—, [the tree] sheds leaves.

[Alwx i Ta SévOpa puMoppOEt; €l 07 Sia THEW ToT DypoD, eite GuMoppoel Sévdpov, el bTtdpxew
THEW, elte THELG DTdpxet, un OTwody GG S€vpw, duMopposly. (Post. An. 11.16, 98b36-38)

Once again, the demonstration is not properly spelt out. But we have enough details to
reconstruct it in full. The passage starts off by referring to ‘trees’ in the plural (98b36) and
then switches to the singular (98b37-38). We shall pick the first of these two options. The
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conclusion of our demonstration is the object of the why-question—that trees shed their
leaves. Earlier on in the chapter Aristotle is slightly more precise and clarifies that he has in
mind a specific type of tree—broad-leaved trees (cf. 98b3). The cause is the solidification of

moisture. So the demonstration seems to go like this:

A: Leaf-shedding.
B: Solidification of moisture.

C: Broad-leaved trees.

Broad-leaved Trees Demonstration

Leaf-shedding belongs to solidification of moisture.
Solidification of moisture belongs to broad-leaved trees.
So,

Leaf-shedding belongs to broad-leaved trees.

The claim that broad-leaved trees solidify their moisture (at a given time of the year) is
presumably true not of necessity but only for the most part. If this premise holds for the most
part, so does the conclusion.” So the demonstration establishes that for the most part

broad-leaved trees shed their leaves (at a given time of the year).

3) War Demonstration

Crucially enough, within the Posterior Analytics Aristotle also gives us examples of
demonstrations that belong to fechnai. Even in this case, the premises of the relevant
demonstration only hold for the most part. We offer two such examples.

The first example concerns the art of war:

0 Cf. Charles (2000: 204-207). Charles adds that Aristotle aims at showing that in all broad-leaved trees
leaf-loss (if it belongs to them all in virtue of their being broad-leaved trees) will always and only occur because
of moisture solidification. It is unclear whether the second premise qualifies as being true of necessity. But the
claim seems to pick up on a relation of efficient causation, and this suggests that it is likely to be a claim that is
true for the most part. Nothing in the main text depends on this assumption, however.
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(T16) Why did the Persian war come upon the Athenians? What is the cause of the
Athenians’ being warred upon? That they attacked Sardis with the Eretrians—this initiated the
change. War A, being first to attack B, Athenians C. B holds of C (being first to attack holds
of the Athenians), and A holds of B (men make war on those who have first wronged them).
Therefore, A holds of B (being warred upon holds of those who first began), and this — B
—of the Athenians (they first began it). Therefore, here too the cause, what initiated a change,
is a middle term.

To 8¢ S Tl 6 Mndweds ToAepog Eyéveto Abnvalols; tis aitia Tob Tohepelobat Abnvaiovs; dtt eig
Sdpdetg pet Epetpléwy gvéfalov- toito yap éxivoe Ttpdtov. ToAepog dod A, TpoTEpPOvS
eloPadelv B, Abnvotor 1o I'. dmdpyet 00 10 B 14 I, (t0 Tpotépots upBahely tolg Abnvaiols), T6 8¢
A 1t B- (olepobot yap Tolg TpoTePOY ASIXHOAOLY). DTLapXEL dpot T6) uév B 1o A (to Ttolepeiohat
10l Tpotépols &ptaat)- Tolto 8¢ T B toig Abnvalols- (mpdtepol yap Apiav). uéoov dpa xal
évtaliba to altiov, 10 TpdTov xwcay. (Post. An. 11.11, 94a36-94b8)

The passage comes from a chapter in which Aristotle wants to establish that the middle term
of a demonstration may pick up any of the four causes. This is meant to be an example of a

demonstration with a middle term that picks up an efficient cause.

In (T16), Aristotle slightly rephrases the terms of his demonstration along the way. At
first term A is ‘war’ (polemos, 94a39), but then it becomes ‘being warred upon’ (fo
polemeisthai, 94b5-6). We assume the rephrase is an attempt at being slightly more precise
and use ‘being warred upon’ in the reconstruction below. On the face of it, the demonstration
Aristotle has in mind seems to contain at least one term referring to particulars—‘the
Athenians’ (94b2-3). Just like we did in the Nile example above, here we assume that the
term denoting particulars goes proxy for an associated term denoting a universal, which is in
turn the term that appears in the proper version of the demonstration. Although the passage
does not tell us what is the relevant universal feature the Athenians might be instantiating, we
can make a guess. We will take this to be the feature of trying to expand one’s territory. We

get the following demonstration:

A: Being warred upon.
B: First attacking.

C: Trying to expand.

War Demonstration

Being warred upon belongs to attacking first.
Attacking first belongs to trying to expand.
So,

Being warred upon belongs to trying to expand.
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This demonstration accounts for the fact that those who try to expand get warred upon—this
is because they first attack their enemy. Once again, it seems that it involves claims holding
for the most part. After all, a premise like ‘being warred upon belongs to attacking first’ is
plausibly true of necessity, but only for the most part. But then the conclusion is true for the

most part.

4) House Demonstration

Posterior Analytics 11.12 refers to a demonstration belonging to the art of house-building:

(T17) And it is in this way with regard to tasks (epi ton ergon): if a house has come to be, it is
necessary that stones have been cut and have come to be. Why is this? Because necessarily a
foundation has come to be, if also a house has come to be. If a foundation, then necessarily
stones have come to be earlier. Again, if there will be a house, in the same way there will
have to be stones earlier. And it is shown through the middle term in this way: for there will
be a foundation earlier.

"Exel 0¢ obtwg Tl T@Y Epywy- el Yéyovey oixia, dvdyxn tetufiofat Aibovg xal yeyovéval. tolito
Std ti; 6Tt @vayxn Bepéhioy yeyoveéval, eimep xal oixlo yéyovey- i 6¢ Bepélov, Tpdtepov Aibovg
yeyovéval avayxy. Talw el Zatal olxio, wooltws TPOTEPOY Ecovtat Albot. deixvutan 8¢ Sid Tod
uéaov opolwg- Eatat yop Bepélog Tpdtepov. (Post. An. 11.12, 95b31-37)

We will abstract for present purposes from the fact that Aristotle here gives us tensed
premises, such as the claim that ‘there will be a house’. Our assumption is that these premises
are derivative on a more canonical demonstration that denotes not events but universals.’!

Such a demonstration seems to go as follows:

A: Stones.
B: Foundation.

C: House.

5! Leunissen (2010a: 45) states that she takes this example to illustrate “the mode of inference that is appropriate
with regard to consecutive causal chains and not necessarily a demonstration itself”. Yet at the same time she
accepts that the chapter offers a blueprint for applying demonstrations to natural sciences. The blueprint she has
in mind (which we would not quite call the blueprint of a scientific demonstration since it has terms denoting
particulars) is satisfied by Aristotle’s house example. As far as we can tell, Leunissen’s hesitation to connect the
house example to demonstrations is due to the fact that its subject matter pertains to the art of building.
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House Demonstration

Foundation belongs to house.
Stones belong to foundation.
So,

Stones belong to house.

Plausibly at least one of the premises of this demonstration, if not both, is true not of
necessity but merely for the most part. For example, it is presumably not necessary that
foundations are made of stones. One may build a house out of a less ideal material, such as of
wood. Even if that will result in a less durable house, it is plausibly still a house. As long as a
given material allows a foundation to fulfill to some extent its role of supporting a house, a
house could be made with it.”

Thus in the Posterior Analytics Aristotle refers to both technai and sciences of nature
as examples of demonstrative bodies of knowledge and gives us examples of demonstrations
from both sets of disciplines. The relevant demonstrations include premises and therefore
conclusions that are true for the most part. We conclude that he takes technai and natural
sciences to be structurally alike: demonstrative bodies of knowledge that include
FMP-demonstrations. If two bodies of knowledge that can be systematized as demonstrations

qualify as sciences, then the natural sciences and technai equally qualify as sciences.

§7. Technai and natural sciences: differences and connections

So far, we have seen that both natural sciences and technai can be modelled in terms of
FMP-demonstrations. To complete the picture, this section discusses how technical sciences
differ from natural sciences.

A way of drawing the line between natural sciences and fechnai is that they
investigate different kinds of things: natural sciences concern natural things, whereas technai
concern products of techné—i.e., artificial things. Aristotle distinguishes between natural

things and artificial ones in Physics 11.1. Natural things have an inner principle of change and

32 It is unclear whether Aristotle also takes it not to be necessary that a house has foundations, or whether he
thinks this has to be necessarily the case. In principle, one may argue, as long as it fulfils its goal of sheltering
food and people, a given house may not have foundations. The text does not give us enough details to settle this
issue.
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stability (Phys. I1.1 192b13-33; cf. also Met. E.1 1025b19-21). More specifically, natural
things change in virtue of what they are—their nature. For instance, a tree has an inner
principle of change in that its own nature—its being a tree—is responsible for some of its
changes, such as growing and shedding leaves. By contrast, artificial things /ack such an
inner principle of change (Phys. 1.1 192b16-19). A bed is not able to change itself in virtue
of being a bed: it always takes an artisan to extend a bed. The distinction between natural
things and artificial ones is mutually exclusive. So within the realm of contingency natural
sciences look at things that are such as to have an inner principle of change, whereas
technical sciences look at things that lack such a principle.53

Yet there are cases for which drawing a line between natural and artificial items
seems not to be enough to set a technical and a natural science apart. Consider medicine. As
we have seen, the object of medicine is health. But health is studied by biology too. After all,
one can be naturally healthy.54 Albeit this result is in itself plausible, it seems to raise a
problem for Aristotle. At times he suggests one can individuate sciences in terms of their
objects. For instance, in his view biology studies living things and geometry studies
magnitudes. On this picture, different sciences study different things. The trouble is that both
medicine and human biology are set to find out the causes of health. Moreover, as we have
seen, medicine and biology are also structurally alike: they both involve
FMP-demonstrations. So, medicine and part of biology are both sciences that consist of
FMP-demonstrations about health. But then it is not clear how Aristotle can avoid the
conclusion that medicine is just part of biology.

To address this issue, let us look more closely at what Aristotle says about artificial

things. In the Physics he states:

(T18) A bed and a coat and anything else of that sort, qua receiving these designations— i.e.
in so far as they are products of techné—have no innate impulse to change. But in so far as
they happen to be composed of stone or of earth or of a mixture of the two, they do have such
an impulse, and just to that extent—which seems to indicate that nature is a principle or cause

%3 For a helpful account of the notion of nature in Aristotle, see Kelsey (2003).

% Aristotle seems to assume that health belongs to natural science in many places. For instance, he makes that
assumption when he says: “For in those [i.e. the contemplative sciences] the starting point is what is, in these
[i.e. the natural sciences] what is going to be: for since health or man is such and such, it is necessary that this be
or come to be” (“H yap &px tolg uév to 8v, Toig 08 T0 £obdpuevov- £mel yap Tolovde Eativ 1y Dylet 1 O &vBpwog,
dvayxn t6&elvar ¥ yevéobar”, PA 1.1 640a3-5). Setting aside the specific details of the passage, it is clear that
here health is one of the things natural sciences can be concerned with.
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of being moved and of being at rest in that to which it belongs primarily, in virtue of itself and
not accidentally.

KAlvn 82 xal ipdtiov, xal gl Tt Toloftov &Aho yévog éotily, 7 uév Tetiymxe T xatmyoplag éxdotng
xol xa®'8c0v Eotlv dmd téxyng, 0ddeploy dpuny Exel petaoliis Eudutov, 7 O¢ cupuPBEPnrey adrols
elvat MBivors 7 ynivolg 7 pixtols €x tovtwy, éxet, xal xatd Tocoitov, 6g olong Thg dvoews &pxTis
Twog xal attiog tol xwelobot kol fpepelv év & dTapxet Tpoytws xad adtd ol ui xote cupBepnrds.
(Phys. 11.1, 192b16-192b23)

A bed lacks an internal principle of change insofar as it is due to techné (196b18). But insofar
as a bed is made of stones and earth, it has a nature (196b19-23). In this latter case, a bed is
considered as made of things that have a nature. Hence, a bed is natural to the extent to
which its materials are natural—namely have an internal principle of change. This shows that
Aristotle allows one to consider one and the same thing under different aspects.55 In (T18),
for example, he considers artefacts both qua having natural components, and qua due to
techné.

Health is more complex than beds. In the case of a bed, only the materials of which it
is made can be due to nature. Health, by contrast, can itself be due to nature. After all, an
animal is by default naturally healthy, and only lacks health when something prevents it from
being healthy. When one is naturally healthy, one has health qua due to nature. But when
sick, one may get better because of the intervention of a doctor. When one gets healthy
because of a doctor, one comes to have health qua due to techné.” This distinction gives us
resources to characterize the difference between medicine and the branch of biology that
concerns health—biology,, for short. Biology, studies health insofar as it is due to nature
(health-qua-due-to-nature). Medicine studies health insofar as it is due to techné
(health-qua-due-to-techné). So biology, and medicine are about different things in the sense
that they consider health under different respects. The two respects under which health can be

considered correspond to the different kinds of causal paths that can lead to health. One path

35 For the claim that qua-clauses do not pick up altogether different things, see Netz (2006). For the claim that
Aristotle only needs sciences to study things under different aspects to be distinct, see also Steinkriiger (2018).

% There are of course also the interesting cases of living beings that exist (either at all or in their current form)
because of technical knowledge—say, some human-bred animals, such as cows (we thank Christian Pfeiffer for
this example). It seems that Aristotle needs to conclude that to the extent that these things exist due to human
knowledge, they are artifacts—just like health brought about by doctors is, to this extent, an artifact. It thus
seems plausible that for Aristotle having a nature (rather than just being entailed by a given nature) may not
imply being fully due to nature. Some contemporary examples are perspicuous in this respect: cloning and
further biotechnologies have shown us that substances like Molly the sheep can be due to techné, and yet have a
nature once created. For a contemporary account of the differences and connections between biology and
technology, see Kingma (2018).
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consists only of natural causes—namely inner principles of change. The other path includes
references to artificial causes—e.g., rubbing (Met. Z.7 1032b26) or giving honey-water (Met.
E.2 1027a23). Since biology, and medicine spell out different causal paths that lead to health,
they are distinct bodies of knowledge.

Now even though medicine and biology are distinct, it is still the case that these
disciplines both concern health. In fact they are so closely related that it is unclear how one
could be a doctor and completely ignorant about biology. After all, if one were, one wouldn’t
really have a sense of what natural state one is aiming at restoring in a body. But then
presumably at least some claims from biology, need to be, somehow, part of medicine. Can
Aristotle accommodate this hunch?

In order to better understand the relation between medicine and biology, it is helpful
to look at how Aristotle conceived of different possible relations between sciences. The
Posterior Analytics give an example of a demonstration of medicine that presupposes a

theorem from geometry:

(T19) The why differs from the fact [/iz. the that] in another way, insofar as each is studied by
a different science (episteémés). These are the cases which are related to each other in such a
way that one falls under (hupo) the other, such as optics to geometry, mechanics to solid
geometry, harmonics to arithmetic. [...] Also many of the sciences (epistémon) which do not
fall under one another are related in this way. like medicine to geometry. For it is up to the
doctor to know that circular wounds heal more slowly, and up to the geometer to know why.

"ANov 3¢ TpoTmov Oladépet TO SLOTL ToT 6T T SUEMNG ETATHUNG ExaTePoy Bewpelv. Tolalta
&éotlv boo oltwg Exel Tpdg dMnha WoTelvat Bdtepov dd Bdtepov, olov T& ST TTPOG
YEWMETPlAY ol TO UNXaVIXE TPOG OTEPEOMETPIAY Xal TA aprovixd TPog aptBunteny [..]
moMal 8¢ xai T i dTdAMAAag EmoTnuiy Exovow olitwe, olov latpikn TPog yewuetpiay- 8Tt
MEV Yop Ta EAxm Ta Teplbepd] Ppaditepov vywdletan, tob lotpol eidévar, Siétt 6 Tob
YewpeTpov. (Post. An. 1.13, 78b34-79a16, passim)

(T19)’s example goes as follows. A circular wound heals more slowly than a non-circular
one. This fact is studied within medicine. Yet when it comes to explaining why circular
wounds heal more slowly, medicine needs to appeal to some fact belonging to geometry
(79a13-16). So when it comes to the fact that circular wounds heal more slowly, medicine
contains the claim that this is the case but geometry allows us to explain why this is the case.
Let us spell this point out more slowly. Geometry explains facts about circular

figures, and thus includes demonstrations such as the following:
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Geometrical demonstration of circularity

Equidistant points from the centre belongs to circular.
Greater surface/perimeter ratio belongs to equidistant points from the centre.
So,

Greater surface/perimeter ratio belongs to circular.

This demonstration accounts for the fact that circular figures have a greater surface/perimeter
ratio than figures of a different shape. They have a greater surface than other figures because
all of their points are equidistant from the centre.

(T19) assumes that for some geometrical reason circular wounds heal slowly. This is
because the demonstration of the fact that circular wounds heal slowly depends on
considering them insofar as they are circular. So the cause of this fact has to be is
individuated within geometry, namely the science that is concerned with circularity. We thus

get the following demonstration:

Medical demonstration of circular wounds

Greater surface/perimeter ratio belongs to circular (wound). [From geometry, necessarily true]
Slower to heal belongs to greater surface/perimeter ratio. [From medicine, true for the most part]
So,

Slower to heal belongs to circular (wound). /[Medicine, true for the most part]

This demonstration presupposes, or borrows, a theorem from geometry—that a circular thing
has a higher surface/perimeter ratio—and applies it to a relevant restricted domain within
medicine—the domain of circular wounds.” Thus we have a demonstration which belongs to
medicine but which contains a middle term, the term that denotes the explanans, which is
derived from an another science. Because of this, Aristotle claims that the doctor knows that

circular wounds are slower to heal, the but geometry is the one who knows why (792114-16).58

7 We agree with Barnes (1994: 160) that this demonstration violates the criteria of Posterior Analytics 1.7,
according to which a science should not cross into another (75b3-6). But we disagree that this is a problem for
Aristotle’s account of kind-crossing, and rather think that it falls under the range of acceptable exceptions
Aristotle quickly refers to at 75b6. For accounts of kind-crossing in Aristotle, see Hankinson (2005) and
Steinkriiger (2018).

> In principle, one may consider whether it is possible to borrow merely a term from another science, rather
than an entire theorem. In the present cause, the question is whether one could borrow the middle term from
geometry, but still use a major and minor term that merely belong to medicine. Yet in addition to the fact that

34



Techné as a Science in Aristotle — Aimar & Pavese

As (T19) makes clear (79a14-79a16), the relation between geometry and medicine is
importantly different from the relation which is in place between sciences like arithmetic and
harmonics. The harmonics-arithmetic pair is for Aristotle an example of a science falling

under (hupo) another (78b34-78b36). We understand the relationship of falling under thus:

(Falling under) A science S falls under another science S* whenever all of the

demonstrations of S borrow a theorem from S*.

In these cases, the science below always applies theorems from the upper science above
(79a14-79a16). For example, each demonstration of harmonics relies on a theorem of
arithmetic. Since a theorem contains two of the three terms involved in a demonstration, and
the middle term is repeated in both premises, if a demonstration takes a theorem from another
science it takes the middle term from that science. So, harmonics merely provides arithmetic
explanation of phenomena concerning sounds. This is why Aristotle states that subordinated
sciences like harmonics never state the why (78b35-79a13).

Yet the case of medicine and geometry is not a case of a science falling under another
(79a13-16). Aristotle does not make explicit why. But after saying that this is a different case,
he gives us one case of a demonstration from medicine which borrows a theorem from
geometry. So he seems to allow that some of the demonstrations of medicine rely on

geometry. We therefore suggest characterizing this presupposition-relation as follows:

(Presupposing) A science S presupposes another science S* whenever some but not
all of the demonstrations of S use theorems from S*. When this is the case, S does not

fall under S*.

Although there are demonstrations that rely on middle terms from geometry, medicine also
contains demonstrations that do not rely on geometry. The only part of medicine that falls

. . . . 59
under geometry is the set of medical demonstrations that use geometrical theorems.

this route would, as far as we can tell, lead to insurmountable clashes with Aristotle’s restrictions on
kind-crossing from Posterior Analytics 1.7, the example of (T19) contains a reference to circularity in a term
other than the middle term. Accordingly, it seems to us that the most natural interpretation of the passage is that
some sciences borrow premises from other sciences.

% The distinction between falling under and presupposing tends to be overlooked in the literature. For a nice
exception, see Pfeiffer (2018: ch.4). Pfeiffer recognizes that there must be a subordination relation weaker than

35



Techné as a Science in Aristotle — Aimar & Pavese

So much for medicine and geometry. We now have in place the resources we need in
order to reconsider the relation between medicine and biology,. The case of medicine and
biology,, we suggest, is a special case of presupposing. We have already seen that these two
sciences differ in terms of their subject matter: one considers health qua-due-to-art and the
other considers health gua-due-to-nature. In De Respiratione, Aristotle adds that medicine

take principles from biology:

(T20) But as to health and disease, not only the doctor but also the natural scientist must
appropriately state the causes. The extent to which they differ, and investigate different
things, must not escape us; since the facts show that the subject matter is at least to some
extent conterminous. For the smart and curious doctors mention some things from natural
science, and claim to take the principles from it; whereas the most accomplished scientists
developing their investigation of nature, complete it with the principles of medicine.

[Tept 8¢ Dytelag xal végov 0 udvov €otiv latpod M xal Tod duakod uéxpt Tov Tag aitiog
eimeiv. 17 8¢ Swadépouat xal 1) Stadépovta Bewpolow, ob Sei havbdvew, Emel 8Tt ye ovvopos 1
TPoYMOTELD HEXPL TIVOG ECTL, UOPTVPEL TO YWOMUEVOY- TAV Te Yyop latpddv 6oot xopdol xal
Teplepyol Aéyoval Tt Tept Pvoswg xal Tag apxds éxelbev dlodol AauPdvew, mept dpvoeswg
TpoyotevBEvToy ol xapléaTatol axedov TeEAeVTOOW el Tag dpxas Tas latpikas. (De Resp.
480b22-30)

Here ‘principles’ plausibly refers either to ultimate causes (those that are not in turn taken to
be caused by something else) or to the indemonstrable premises that individuate these cases,
namely those from which all demonstrations proceed (Met A.1 1013al6, Post. An. 1.2
72a7-15). On either option, Aristotle commits to the claim that medicine takes from biology
at least some of the indemonstrable premises (archai apodeixeos, Post. An. 1.2 72a7) of its

. 61 ) . .
demonstrative system. For instance, a doctor sometimes reasons about the fact that heat is

falling under, and convincingly argues that the science of nature and geometry must relate by virtue of a weak
subordination relation—but he does not commit to a full characterization of this relation.

% De Sensu contains a passage that makes ultimately the same point: “And it is also up to the natural scientist to
grasp the first principles of health and disease, for neither health nor disease can occur in lifeless things. For this
reason, most inquirers into nature and those doctors who pursue their art more philosophically are closely
related: while the former bring their inquiry up to the things that medicine is concerned with, the latter begin
from things that pertain to the investigation of nature.” (“®voxol 8¢ xal Tepl Vytelog xal vooou tag Tpuwtag Gy
&pxas olite yap vylewav ofite vooov oldv te ylyveabal tolg éotepnuévols {wfig. SO axeddy Thv Tepl Ppdoews ol
TAgloTol xol TAY laTp@Y ol GINOCOGWTEPWS THY TEXYNY METIOVTES, Ol MEV TEAEVTROOW el Ta Tept lotpixig, ol 8'éx
o Tept Pvoewg dpxovtat.” De Sensu 1.1 436a17-436b1.) In translating this passage, Bolton (2018: 282) takes
‘most’ to scope over both ‘“T@v mepl Ppvoews’ and ‘Téw latpddy’. We are not sure that this is the most natural
reading.

6! That these are not just premises but indemonstrable premises is further confirmed by the fact that in the
parallel passage in De Sensu (cf. fn54) Aristotle says that medicine takes its first principles (tag Tpwtoag apxas,
436a17-18) from biology. Sometimes he uses ‘principle’ to refer to indemonstrable premises; other times he uses
it to refer to one of the terms contained within an indemonstrable premise (cf. Malink: 2017 for further
discussion of this point). Yet it is unclear how a science could merely borrow a term denoting X from another
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required to heal (cf. Met. Z.7 1032a27-1032b21). The demonstration he seems to have in

mind is something like the following:

Warmth belongs to health. [From biology, true of necessity]

Rubbing belongs to warmth. /[From medicine, true for the most part]
So,

Rubbing belongs to health. /Medicine, true for the most part]"

This demonstration assumes a biological account of health—i.e., that health is some sort of
warmth in a body—and then demonstrates that rubbing belongs to health. Although it
pertains to medicine, it presupposes a claim from biology. In this sense, medicine starts
where biology ends: the premises medicine borrows from biology, such as the claim that
health is a balance of heat and cold in the body or the claim that an eye is such and such an

organ, play a special role in that they act as principles from which other things are derived.

§8. One sense in which techné is productive

We have seen that for Aristotle states that techné is the account of a given product, and it
qualifies as knowledge of that product. We have also seen that the relevant knowledge is a
body of knowledge about the product which can be modelled as set of FMP-demonstrations.
Shortly after telling us that techné is an account of the product, Metaphysics 7.7 continues

thus:

(T21) The healthy [patient] comes to be when one thinks (noésantos) in this way. Since health
is this (todi), necessarily if [the patient] is to be healthy, this must be present — say, a uniform
state—and if that, heat. And one keeps thinking in this way, until one gets to a final thing

science without also borrowing an entire theorem stating what X is. For helpful elucidations of different uses of
the term ‘arché’ in Aristotle, see Mann (2011) and Malink (2017). Note that (T20) does not clarify whether all
of the principles of medicine come from biology, or whether only some of them do (the definite article at
480b24 is not enough to settle this). We shall leave this issue open, and assume that medicine takes at least some
of its first principles from biology.

2 Cf. Met. Z.7 1032b6ff. We go back to this demonstration and the passage we extrapolate it from in §8. Note
that in this demonstration the middle term is not an efficient cause. Aristotle allows for the middle term to pick
up different kinds of causes (cf. Post. An. 11.11; for an account, see Mignucci: 1996) and here plausibly the
middle term picks up the formal cause. It should also be mentioned that the first premise of the rubbing as stated
in the main text represents for Aristotle a rough-and-ready definition of health, and he allows that strictly
speaking heat is a part of health, and health is a certain balance of heat and cold in a body (cf. Met. Z.7
1032b19-1032b21). But when dealing with an over-cold body, for a doctor assuming that health is heat in the
body will do.
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which one can make. Then from this point onward the process is called ‘making’ —the one
towards being healthy.

Tiyvetot 8¢ 1O Dyl voroavtog obTws: Emeldn Todt bylewa, avayxy el Dytég Eotat Todl vrapEat,
olov dpahdtta, &t 08 todto, Beppudtnra- xal obtwg del voel, Ewg &v &ydyn elg Tolito & adtdg
Stvatar Eoxatov Tolely, elta #OmM 7 &1d TovTov xivnolg Tolnolg xahelta, 1) ETtl TO Dylaivew.
(Met. Z.7, 1032b6-10)

Aristotle here considers the reasoning a doctor needs to undertake in order to make a patient
healthy. There are two stages to the doctor’s performance. Stage-1 is at the level of thinking:
the doctor thinks the problem through and infers what she needs to do to restore health.
Stage-2 is the actual action, or set of actions, the doctor performs. The action the doctor
performs is the one indicated as the conclusion of her train of thought.

The context suggests that (T21) aims at showing how technical knowledge can lead
one to bring about a given product. We take the reference to ‘this’ (todi) at 1032b6 and
1032b7 to refer to kinds, rather than particulars. The doctor starts off thinking about what
kind of thing health is and then reasons backwards.” Since being healthy amounts to
uniformity in a body, she must make the patient’s body uniform. To get uniformity, one
requires heat. So the doctor has to warm up the patient.

In (T21), the doctor’s train of thought seems to be deliberative, rather than
demonstrative. The level of deliberations and the level of demonstrations are importantly
distinct. The level of deliberations is the level at which one considers what specific action(s)
to perform (cf. EN II1.3 1112b8-9). For instance, a doctor engages in deliberation in deciding
what to do to heal particular patient. So the level of deliberation concerns particulars. By
contrast, the level of demonstrations merely concerns universals. When one aims at spelling
out some of the demonstrations of a science—if one ever does—one tries to find out premises
and conclusions with terms that only denote universals. Demonstrative reasoning is
syllogistic, since demonstrations are syllogisms. But we make here no assumption about the
structure of the kind of reasoning one engages into when deciding what to do, and how
exactly this leads to action. So, among other things, we leave open that this reasoning may

not be, or at least need not be, inferential.

8 Aristotle claims that “[a]s in the contemplative sciences the hypotheses are the starting points, so in the
productive sciences the end is the starting point and hypothesis” (“[®]omep ydp tailc Bewpnrtikaic al vmobécelg
apyai, oUT® Kob Tolg moMTIKeig TO Téhog apyn Koi vmdbeois”, EE 11.11 1227b28-30; see also 30-33). This
suggests that the principles of a techné state the goal of the fechné. In the case of medicine, they state what
health is.
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The reason why we make no assumption about deliberative reasonings is the
following. On this occasion, we do not wish to account for how one goes from possessing a
techné to actually bringing about a product. So we do not aim at clarifying how technai are
productive in the sense of leading us to act (nor do we assume that they are productive in this
sense). Our focus here is the content of technical knowledge. Accordingly, our goal is to
clarify a different sense in which fechnai are productive, namely the sense in which the very
content of technical knowledge makes technai qualify as productive sciences.

Thus in considering (T21) our only assumption will be this. Since in the context of
(T21) Aristotle wants to show that the process of production ultimately depends on technical
knowledge, and this knowledge is at the level of universals, the passage at least implicitly
assumes that in deliberating the doctor in some sense relies on technical knowledge of
universals.** The passage is thus of interest to us because it gives us grounds to extrapolate
the demonstration in terms of which one can model such technical knowledge. We suggest
that the piece of technical knowledge to be associated with the doctor’s reasoning in the

passage can be modelled by means of the following demonstration:

Health Demonstration

Heat belongs to uniform.

Uniform belongs to being healthy.
So,

Heat belongs to being healthy.

The demonstration starts from an account of the product: what being healthy is—a uniform
state in the body. It also assumes what is required for a uniform state to hold—the presence of
heat. It follows that one is healthy when heat is present.

(T21) states that the doctor’s thinking can continue (1032b8-10). This suggests there
is further knowledge the doctor can in some sense rely on when figuring out how to heal the

patient. Aristotle goes back to this point some lines later:

% The question of how exactly the doctor relies on this knowledge when deliberating is of course a very
interesting one, but not one that we can settle here. For a discussion that is relevant for the sake of addressing
this further question, see Callard (ms). Callard (ms) shows that at Pr. An. I1.21 67a12-16 Aristotle implies that if
one knows that every triangle contains angles equal to two right angles, then in some sense one already knows
of each particular triangle that it contains angles equal to two right angles. See also Coope (forth). For a recent
account of deliberation in Aristotle (and further references), see Callard (forth).
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(T22) The maker (fo poioun) and that whence begins (archetai) the process of becoming
healthy, if it happens by techné, is the form that is in the soul: but if it happens spontaneously,
then it is from whatever starts the making of the maker from techné, just as in healing
presumably the starting point [of the process of becoming healthy] is from heating (and this
one makes by rubbing).

To 01 ooty kol &Bev &pxetat 1 xivnotg tod dytalvew, &v uév &md téxyng, T eldds £0TL o v T
Puxd, €av 0'amd TadTopdton, Ao TovTov 8 ToTE ToD TOLEWY GpxEL TG TToOLOTVTL ATO TEXVYS,
Qomep xal &v @ lotpevew lows dmd tob Beppaivew N dpxh (todto O¢ Totel tfj tpipet). (Met.
Z.7,1032b21-26)%

This passage considers not just healings due to medicine but also those that happen
spontaneously. We shall bracket the latter. As far as healing by medicine goes, Aristotle
claims, the doctor produces heat in the patient—say, by rubbing. The reference to rubbing
adds another layer to the thinking the doctors entertains. This is enough for us to extrapolate a

further demonstration which models knowledge on which the doctor’s reasoning relies:

Rubbing Demonstration

Rubbing belongs to heat.
Heat belongs to healthy.

So,
Rubbing belongs to healthy.

The demonstration starts off assuming that rubbing brings about heat. We also know from the
demonstration above that heat comes with health. From these two premises it follows that

rubbing brings about health.”

3

% Primavesi’s edition currently reads ‘td’ instead of ‘tod’ at 1032b22, following A’ and an Arabic translation.
So here they go against their tendency to favor E and J. The tod-reading remains supported by a which in turn
depends on E and J. We are inclined to prefer it, following Ross (1924, ad loc.). Ultimately our interpretation of
the passage is compatible with Primavesi’s version of the text too.

% Although plausibly practical reasonings are often informal and thus not syllogistic, it is worth pointing out that
it is not very difficult to spell out syllogisms that piggyback on technical demonstrations. For instance, a
syllogism that replaces ‘healthy’ with a particular patient, like Billy, leads to the following reasoning:

Rubbing Syllogism with Particulars
Rubbing belongs to heating.
Heating belongs to Billy.

So,
Rubbing belongs to Billy.

The conclusion of this syllogism describes the particular action that the doctor, if she wishes to cure Billy and
Billy is sick because of being too cold, has to perform on Billy so to heal him: rubbing Billy. Again this is not
enough to imply that when deciding what to do to heal Billy a doctor actually engages in this syllogistic
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Note that the rubbing demonstration has as one of its premises the conclusion of the

heating demonstration above. Together, they give us a short chain of demonstrations:

Uniform belongs to healthy. Heat belongs to uniform.

Heat belongs to healthy. Rubbing belongs to heat.

Rubbing belongs to healthy.

The conclusion of this chain corresponds to a step in the doctor’s production of health in a
patient. The process of health is one in which rubbing brings about heat, which in turn brings
about the uniform state of the patient, which is health. So the doctor aims at bringing about
heat and to do so she performs rubbing.

We can now start to see at least one sense in which Aristotle takes technical
knowledge to be productive. This is the sense in which this knowledge is production-guiding.
Steps in the chain of demonstrations above nicely correspond to the set of stages that have to
come about for someone to become healthy: rubbing, presence of heat, and the presence of a
uniform state. These steps in turn can guide us to flesh out the steps that are required to bring
about a specific outcome. The knowledge we just illustrated with demonstrations is
knowledge on which a doctor relies in order to figure out she needs to rub a patient who is
too cold.”” How exactly she relies on this knowledge is an important question to pursue, but
we shall not aim at settling it here. We confine to claiming that at least one of the senses in
which technical knowledge is productive is the following: its demonstrations provide us with
recipes that break down the steps for bringing about a given product.68

Interestingly enough, the richness of the demonstrative body of knowledge of a techné

allows one to explain why someone who has fechné (as opposed to mere expertise) is flexible,

reasoning. More arguments would be needed to establish as much, if at all. The question of whether this
syllogism qualifies as a practical syllogism is stays open too.

% One can equally envisage more complex reasonings, when the procedure requires several steps on the
artisan’s part—say, in order to build a house, or perform surgery.

% Johansen (2017: 125) also points out that the logos involved in technai must be akin to a recipe but does not
provide an account of how such a logos can be recipe-like.
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in the sense that it can bring about the best possible product under the available conditions
(cf. Rhet. 1.1 1355b12-14, PA 11.14 658a23-24, GA 11.6 744b15-16). The relevant
demonstrations of a house, for instance, clarify what type of features the relevant materials
must have, and all the different ways in which a given material can be worked to make a
house. So once someone who has the art of building to the right degree is aware of the
conditions—e.g. what kind of materials she can use, what kind of atmospheric pressure the
house will need to resist, and so one, she will be able to spell out the best house she can
produce with the relevant materials.®

The demonstrative structure of technical knowledge also allows one to account for
Aristotle’s claim that technai are productive of contraries (Met. ©.2 1046b4-7, Met. 7.7
1032a32-b6). For instance, we can now explain why Aristotle thinks that the art of medicine
is knowledge that is productive of both sickness and health. As we have seen, Aristotle spells
this out by claiming that in virtue of knowing the form of X an artisan somehow also knows
its contrary, the lack of X. Given that to know the form of X amounts to possessing a
demonstrative body of knowledge about X, this means that in virtue of possessing this body
of knowledge about X the artisan also possesses a demonstrative body of knowledge about
not-X. How so?

Let us consider the example of health once again. Aristotle thinks that sickness is lack
of health in a body. Now knowing how to bring about health—say, in virtue of grasping the
Rubbing Demonstration we spelt out above—puts one in a position to spell out how to make
a healthy person sick. Here is why. Since being sick is the contrary of being healthy, and
heating (a patient) makes the patient healthy, then the contrary of heating (the patient) brings
sickness upon the patient. The contrary is cooling. So cooling leads to sickness. But then

whatever process leads to cooling (say, putting under ice) makes people sick:

Sickness Demonstration (with positive copulas)

Cooling belongs to sickness.
Putting under ice belongs to cooling.
So,

Putting under ice belongs to sickness.

% Coope (forth) points out that the fact that fechnai deal with things that tolerate exceptions impacts the artisan’s
need to be flexible in a further sense: unlike a student of nature, an artisan needs to deal with exceptional cases.
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Since for Aristotle ‘sickness (of the body)’ sickness is ‘not-health (in the body)’, and
‘not-health (in the body) belongs to B’ is equivalent to ‘health (in the body) does not belong

to B’, one can also frame the Sickness Demonstration thus:

Sickness Demonstration (with a negative copula)

Cooling does not belong to health.
Putting under ice belongs to cooling.
So,

Putting under ice does not belong to health.”

But then, when possessing a demonstrative body of technical knowledge about health, one
can also figure out technical demonstrations concerning its contrary, namely sickness.
Accordingly, when one has the art of medicine one derivatively has productive knowledge of
sickness. Demonstration(s) pertaining to sickness will give us an insight into the steps that
one needs to perform in order to make people sick. We conclude that thinking of techné as
demonstrative explains not only why this knowledge qualifies as productive, but also why it

is productive of contraries.

§9. Are non-contemplative sciences really sciences?

One may raise the question of whether the productivity of technical knowledge implies that
this knowledge is not scientific after all. For Aristotle, some sciences aim at grasping what
something is for the mere sake of doing so. These sciences are contemplative (theorétikai
epistemai). A contemplative science is merely directed at knowing its subject matter, and is
not defined in terms of some further goal. This category includes not only strict sciences, like

mathematics and astronomy, but also the sciences of nature (Met. E.1 1025b18ff; cf. Met. K.8

" We followed Aristotle’s practice of giving (most of) his examples of demonstration with indefinite premises.
This is not to say that we do not think that Aristotle assumes that premises should be disambiguated so to have a
clearly quantified copula. We are inclined to think that he is in fact likely to have to held such a view, and that
he often states his premises in the form of indefinite premises practice merely for quickness of exposition. If this
is turns out to be correct, one can further precisify the demonstration just illustrated in the main text in such a
way as to get a demonstration in Celarent. For helpful remarks about demonstrations with conclusions with
negative copulas, see Malink (ms: §2) and Ferejohn (1991: 131-138).
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10642110ff).71 Thus mathematics is merely directed at contemplating mathematical truths,
rather than also at producing mathematical objects. Similarly, natural scientists are merely
interested in contemplating nature, rather than at producing natural things. By contrast, the
ultimate goal of technical knowledge is production. An artisan aims at grasping things in
order to bring the product about. So the fact that technai are productive bodies of knowledge
entails that these bodies of knowledge are not contemplative.

It is worth considering whether the fact that technical knowledge is not contemplative
disqualifies it from being a science. There is an extent to which this is a terminological issue.
If one assumes that only contemplative knowledge is scientific, then fechné does not qualify
as a science. But if one assumes that, for a body of knowledge to count as scientific, it ought
to be demonstrative, and if technical knowledge is demonstrative, then techné qualifies as a
science. But then, the question arises of which of Aristotle’s notions of knowledge should we
ultimately regard as scientific, if any: demonstrative knowledge or contemplative knowledge?

It is no coincidence that our argument brings the question of which kind of
Aristotelian knowledge qualifies as scientific to the fore. Scholars have tended to assume that
all the bodies of knowledge that are demonstrative are also contemplative.” Accordingly, in
the literature it has been a given that for Aristotle the bodies of knowledge that deserve the
title of sciences are at the same time contemplative and demonstrative. Yet an upshot of our
argument is that there are demonstrative bodies of knowledge that are not contemplative—
such as technai. If so, the notion of demonstrative knowledge is broader than that of
contemplative knowledge. Once we keep these two notions apart, the question of which of

these two notions of knowledge, if any, is scientific knowledge comes to the fore.

" Sometimes Aristotle uses ‘contemplative science’ more narrowly, so to only refer to contemplative strict
sciences (cf. PA 1.1 639b24-29). But this is because in some contexts he uses ‘epistémé’ only for demonstrative
bodies of knowledge that contain only claims that are true of necessity. Reeve (2000: 35ff) states that Aristotle
has a problem of consistency when it comes to the notion of contemplative sciences, since he allows for natural
sciences to count as contemplative despite the fact that they are not true of necessity (see also Colaner: 2015,
38ff). The solution to this worry is that Aristotle uses ‘contemplative science’ more or less broadly in different
contexts. Sometimes he uses this expression to include contemplative sciences that look at what holds for the
most part, namely the sciences of nature (cf. Met. E.1 1025b26ff; Met. E.2 1026b6ff, Met. K.7 1064b1-6; Top.
B.6 145a14-16). Yet other times he uses the expression ‘contemplative science’ in a narrower sense, so that it
only refers to sciences concerned with what holds of necessity, and therefore excludes the sciences of nature (cf.
PA 1.1 639b24-29, EE T1.11 1227b28-32).

2 See Johansen (2017), Johansen (forth), and Coope (forth) for authors who make this assumption while
discussing technai. See Lorenz & Morison (forth) and Bronstein (2016: ch.4) for recent examples of authors
who make this assumption within the broader context of discussing Aristotle’s theory of knowledge.
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We do not claim that one has to dub any of Aristotle’s notions of knowledge as
‘scientific’. There is after all something implicitly anachronistic in calling an Aristotelian
body of knowledge a °‘science’. Etymologically, the term °‘science’ comes from the
Latin scientia—which is in itself not obviously connected to Aristotle’s epistemological
taxonomy. The notion of science currently associated with the English term ‘science’ has
further developed on independent grounds. So we can see reasons for not dubbing any
Aristotelian type of knowledge as scientific. The reader who prefers not to call any
Aristotelian body of knowledge a science can just our point to simply be that fechnai are
demonstrative bodies of knowledge. But for the reader who does wish to crown with the title
of ‘science’ one of Aristotle’s forms of knowledge, we suggest crowning demonstrative
bodies of knowledge. Nowadays science is more closely related to rigorous methodology
than to pursuing an inquiry merely for its own sake.” Assuming that Aristotle’s
contemplative bodies of knowledge are the only ones that one should consider as scientific
obscures the fact that in his view there are non-contemplative disciplines that are structurally

just as rigorous.

§10. Conclusion: a consistent picture of fechné as a non-strict science

We have argued that for Aristotle a fechné is a demonstrative body of knowledge of a given
kind of product. If Aristotle’s theory of demonstration delivers his theory of what a science
looks like, then fechnai ought to be sciences too. More specifically, fechnai are non-strict
sciences, namely sciences including generalizations about universals that are true either of
necessity or for the most part. In this respect, technai are analogous to natural sciences. But
unlike natural sciences, technai are productive in that they break down the steps an artisan
has to follow to bring about a product. The claim that technai are sciences might sound
strange if one assumes that all sciences for Aristotle are contemplative, in the sense of merely
directed at grasping their object. But an upshot of the claim that fechnai are demonstrative is

precisely that there are demonstrative bodies of knowledge that are not contemplative. To the

7 That is presumably why people are often unhappy to think of philosophy as scientific but are generally happy
to consider scientific disciplines like engineering to be scientific—even the art of coding falls under ‘computer
science.” Note that Aristotle had his own independent reasons for distinguishing sciences in terms of their goals,
and thus setting contemplative and technical knowledge apart. In his view, what is instrumental is less valuable.
By highlighting that technical knowledge is not instrumental but contemplative knowledge is, he can rank
contemplative sciences and fechnai at different points of a goodness scale (cf. EN X.7-8).
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extent that one is willing to take demonstrative knowledge to correspond to Aristotle’s
version of scientific knowledge, then, one has to accept that fechnai are sciences too.

We conclude that Aristotle has a consistently strong notion of fechné as a non-strict
science throughout his theoretical and epistemological writings. In fact, this picture is
compatible with the ethical writings too. In Book 6 of the Nicomachean Ethics, Aristotle
clearly denies that fechné is knowledge (epistémé) (1140b31-1141al). But, in that context,

knowledge only concerns what holds of unqualified necessity:

(T23) For we all suppose that what we know is not capable of being otherwise; of things
capable of being otherwise we do not know, when they have passed outside our observation,
whether they are or not the case. Therefore, the object of knowledge is of necessity. Hence, it
is eternal; for things that are of necessity in the unqualified sense are all eternal, and things
that are eternal are ungenerated and imperishable.

o

[dvteg yop vTohauPdvousy, 6 émotapebo, und’évdéxsobot dMwg Exewv- ta &'évdexdueva

&g, Sty E5w tob Bewpely yévnrtar, AavBdvel el Eotw 4 wy. €€ dvdyxng dpa €aTi T EmaTnTOY.

aidiov &por- To yop €% dvayxng Gvta amAdg Tavta aida, Ta &'aida dyévnta xal dpbapta. (EN

VI3, 1139b19-1140b24)
This passage appeals to a notion of knowledge (epistemé) whose objects are necessary,
eternal, and imperishable (1140b23—24).74 Shortly after (T23), at 1140b27, Aristotle relates
this notion of knowledge to the one he develops in the initial part of the Posterior Analytics
(Post. An. 1.2 T71b9ff). That is to say, here ‘epistemé’ stands for the kind of scientific
knowledge that pertains to strict sciences. When Aristotle denies that fechnai are knowledge a
bit later, he has the same notion of knowledge in mind. This is why he justifies the claim that
technai is not knowledge by saying that it concerns what can be otherwise (EN VI.6,
1140b35-1141al). But then, his point here is that technai are not strict sciences.

Since technai are non-strict sciences, it is not surprising that within the context of
Nicomachean Ethics V1.3-6 Aristotle claims that they fail to qualify as sciences. It is only

when he uses a notion of scientific knowledge that covers things that hold for the most part

™ Aristotle’s wording in (T23) is reminiscent of the start of the Posterior Analytics (esp. Post. An. 1.2). In both
places, the relevant necessity is described as unqualified (haplos, 1140b24; cf. Met. A.5 1015b6ff). Elsewhere
this notion of necessity with that of hypothetical necessity (ex sypotheseds) which in turn is related to the natural
sciences and technai (cf. Phys. 11.9 19b33-200a14; see also PA 1.1 639a12-32 and EE 11.11 1227b28-32). For
helpful reconstructions of Aristotle’s account(s) of hypothetical necessity, see Cooper (1987, 2004: ch.4),
Charles (1988), and Byrne (2002).
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that fechnai can qualify as sciences.” So one can do justice to the ethicall passages that treat
technai as sciences without rendering the corpus inconsistent. Overall, we hope to have
offered an interpretation that has considerable textual support, affords a unified and
consistent picture of Aristotle’s conception of fechné, and helps one to see how epistemically

robust Aristotle takes technai to be.
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