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The principal aim of this paper is to show that a constraint that C.D. Broad imposed on the ac-
ceptability of deductions of macroproperties which would show them to be non-emergent, viz. that they
use only general laws of nature, is too strong and should be replaced by the weaker condition that the
deductions be non-trivial. First, the relevant notion of generality is made more precise. I propose that a law
is general iff it is applicable to a diversity of phenomena relative to what I call “domain constitutive prop-
erties”. In order to substantiate the claim that Broad’s constraint is too strong I analyse three examples
of explanations of macroproperties from robotics and the life sciences. All of them are non-trivial ex-
planations and should thereby render the explained properties non-emergent. Finally, I briefly indicate
three ways in which an explanation may be non-trivial.
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Varieties of explanations of macro properties

In this section I would like to contrast Broad’s picture of how the explanation of
a macro property would proceed with three examples of explanations which are equally
directed at making the emergence of a macro property intelligible, but which reach this
goal in a different way. None of these explanations uses composition laws which com-
bine properties of the parts of a system with properties of the whole. Instead the ex-
planations are based exclusively on certain rules or regularities which describe the be-
haviour of the parts. But, as can be seen from the quote of Broad above, the requirement
that in a deduction of a macro property there have to be used only general laws ap-
plies to the regularities concerning parts as well as to those which connect the proper-
ties of parts with properties of wholes.

The first of these examples is situated in the fields of artificial intelligence and
artificial life and tries to explain how adaptive behaviour of a system in its environ-
ment comes about. In Al a common strategy to construct (and thereby explain) a sys-
tem displaying some adaptive behaviour consists in the decomposition of a task in sub-
tasks until very simple subtasks like comparing two digits are reached. The system is
then accordingly hierarchically structured in components or modules which are dedi-
cated to the various subtasks. This explanatory strategy is known as homuncularism
[10; 18]. For each subtask there is something like a homunculus who carries out the
task. Since such hierarchical systems have certain weaknesses like fault intolerance
(when a single component breaks down the whole system fails) and dependence on prior
analysis of what kinds of events are possible in a certain environment (if something
unforeseen turns up the system may fail completely) there have been efforts to circum-
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vent these weaknesses by building systems which are not hierarchically structured and
functionally decomposable but reach a certain goal via the interaction of components
each of which may be directly connected with sensors and effectors and be simulta-
neously active.

As an example consider a robot’s task to follow a wall [25]. The decompositional
strategy would try to decompose the whole task in, for example, going to the wall and
following it. The subtask of going to the wall could be further decomposed in detect-
ing the wall and moving towards it. The detecting may decompose in sensor reading
and sensor interpreting. Alternatively there may be three components which implement
the following behaviours:

,» 1. Stroll: Move forward in a more or less straight line motion when there is no
obstacle in front. Stop when there is an obstacle. Back up when the obstacle persists.

2. Avoid: Turn right or left when there is an obstacle in front of the robot.

3. Align: Turn by a small angle when the distance to the object behind is shorter
then the distance in front.” [Ibid. P. 455].

The components corresponding to these behaviours can all be simultaneously
active because the conditions which trigger the behaviours are mutually exclusive so
that it will not happen, e.g., that the robot tries to turn right and to move forward at
the same time.

It can be ,,deduced* from these behaviours that the robot will go to a wall (1) (by 1.),
then position itself in a right angle to the wall (by 2.) and follow the wall (by 1. and 3.).
Given this description of the behavioural repertoire and the conditions under which
the behaviours are triggered we can ,,see that such a robot displays wall following
behaviour without there being a decomposition of the main task in subtasks.

Now, what has all this to do with emergence? From the decompositional point of
view there cannot be any emergent behaviour because the decomposition of the main
task (the candidate for emergent behaviour) guarantees the immediate intelligibility
from one level of decomposition to the next. For example, if the subtask of going to
the wall is decomposed in detecting the wall and moving in the direction in which the
wall has been detected one sees immediately that the subtask will be accomplished
because such a movement constitutes going to the wall. If there are no equivalent de-
compositions an impression of necessity (and sufficiency at the same time) imposes
itself. If there are equivalent decompositions (which is usually the case in complex and
abstract behaviours like saying something) we see at least that the decomposition is
sufficient for carrying out the main task.

If an overall behaviour consists of various parts which have to be arranged into a
certain sequence decomposition consists simply in analysing this behaviour into those
parts. If there is more than one possible analysis every analysis receives its intelligi-
bility in virtue of the fact that in the sequence of subtasks there is a sequence of outputs
of these tasks each of which serves as input to the next subtask. This identity of outputs
and inputs goes a long way towards explaining our impression that how the macro
property or behaviour results from the workings of the parts of a system is just plain.
Contrast this understanding with a situation in which there were no such identity, i.e.
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in which the inputs a mechanism needed would not be delivered from another mecha-
nism earlier in the sequence, and there would be no explanation. Imagine an arrange-
ment of carburettor, fuel tank, and combustion engine in this order. The carburettor inputs
nothing to the fuel tank and the tank inputs liquid fuel into the engine. The engine will
not work in this arrangement because it needs another sort of input, fuel in spray form.

When we are successful at breaking down an overall task in subtasks it is of course
our previous knowledge and our imagination of the possible arrangement of subtasks
which will do the job. And this is the main reason why we don’t have the impression
that the overall behaviour is emergent. The fact that we have found a decomposition
based on our prior knowledge about subtasks and how they combine is enough to con-
vince us that there is no emergence involved. To be sure, when people like engineers go
about their business of looking for possible decompositions their work may be very
difficult. It is not always easy to come up with a solution of the decomposition problem.
If you only have a description of the overall behaviour and nothing else, in all the in-
teresting cases it is hardly plain what the decomposition should or might be. But once
one is found and you consider it it is not difficult at all to see how the subtasks con-
nect and yield the overall behaviour.

The same does only hold good in a few cases in which there is no hierarchical
decomposition. In the example above we are able to understand without difficulty that
the wall following behaviour is a necessary consequence from 1., 2., and 3. In the typi-
cal case, however, when we only contemplate the rules such understanding is not forth-
coming.

Consider another example of the non-decompositional strategy. Suppose you would
like to build artificial termites whose task would be to arrange scattered wooden chips
into piles. Endow your artificial creatures with mechanisms conforming to the follow-
ing two rules:

a) If'you are not carrying anything and you bump into another wood chip, pick it up.

b) If you are carrying a wood chip and you bump into another wood chip, put
down the wood chip you are carrying [21. P. 234].

Why does this work? Can we see from the rules alone that it works? As to the
second question I think it is pretty obvious that from these rules we don’t easily see
that they would yield the desired result. The first rule does not only allow the picking
up of a solitary chip but also the removal of a chip which belongs already to a pile.
Why should a situation in which the termites start with some thousand solitary chips
end up in a situation with a few piles? The answer is that it follows from a) and b) that
once the last wood chip is removed from a location there will be never again a wood
chip at this location. And this is another way of saying that the number of locations of
wood chips is successively reduced and thus the arrangement in piles is guaranteed
given enough time.

In this example it is perhaps not necessary to run a computer simulation in order
to show that the piles of wood chips are really growing. Once you have hit onto the
crucial implication of the rules you can deduce or ,,see* that these rules must have the
intended effect. There are still other cases, however, where the system property in ques-
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tion does only show up in a computer simulation so that it is clearly invisible from the
rules describing the behaviour of the parts of a system. In the last example to be con-
sidered it is even harder to see that the emergent property follows from the behaviour
of the parts of a system and their interaction without performing such a simulation
initially.

There are solitary fish like sharks, moving through the waters on their own, and
school fish like sardines which move together with their conspecifics. If you put a fish
school into an aquarium which consists of two areas one of which contains food whe-
reas the other does not then, under certain conditions, the following behavior can be
observed: The fish school, once it has entered the food area, will remain inside this
area. Solitary fish, however, would swim into the food area and out of it and after a while
they would enter it again showing a rather homogenous distribution of trajectories
across the entire range of the aquarium [22]. This curious behaviour of the fish school
can be considered as an emergent property of the school. A property which school fish
only display when they are parts of schools but not in isolation. How can this property
be explained?

In this example the system is an aggregate entity consisting of individual organisms,
viz. a fish school consisting of individual fish. Schooling fish display certain behavioural
characteristics or dispositions:

1. If a neighbour’s distance exceeds the range of visibility it is not considered
any more.

2. If the distance between fish is large but they still can see each other they at-
tract each other.

3. If they are swimming in a school they orient themselves in parallel to their
neighbours within the range of the preferred swimming distance.

4. If they get too close to each other they repel each other.

5. If they are feeding they slow down their speed of swimming [3; 6].

In order to run a computer simulation of the trajectories of the school it would be
necessary to specify certain values which I have left undetermined in the description
of the rules. For example, we would have to determine a value for the range of visibility,
another value for the minimal distance below which they repel each other and so on. But
when we specify these values we can do the simulations and when we represent the
trajectories of the single fish pictorially as lines on a plane we literally see the emergent
property, that is, we see that once the lines go into the food area they remain there.

To be sure there is an explanation of this property which does not strictly need
the simulation to be carried out. When the school moves from the food area towards
the non-food area the first fish leaving the food area increase their speed. This has the
effect that they leave the others behind which are still in the food area because of the
difference of speed (according to rule 5.). According to rule 2., however, the ones which
“break out” will change their swimming direction and thus get back again into the
food area. Only if they move in a line perpendicular to the border between the food
and the non-food area will there be an escape out of the food area since the only other
fish they see are their neighbours to the right and to the left and these neighbours have
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all the same speed as they themselves. In consequence they will not detect a change
of distance and accordingly will not change their direction of movement.

But even if there is such an explanation of the emergent property which does only
take into account the rules pertaining to individual behaviour it is an explanation which,
in the context of discovery, comes after the simulation has been done and which is very
unlikely to be hit upon before a simulation of the trajectories had been carried through.
You have to see that the trajectories of school fish stay mainly in the food area first
and then you can go about finding out what, in terms of rules 2. and 5., is responsible
for this fact.

What seems to be needed in this case is the iterated application of the rules to the
new configuration (position of the fish relative to each other). Only if such iteration is
done a huge number of times the emergent property can be finally appreciated. But, and
this is the important point, it can only be appreciated if the behaviour of the whole is
viewed in a certain way. If we had only information about the trajectories of single fish
after 20,000 iterations of the rules and we had this information in a propositional for-
mat, e.g. a list of space and time co-ordinates for every member of the school we may
still fail to see the emergent property. Only when this information is brought into a picto-
rial format such that the lists are translated into trajectories the emergent property be-
comes readily visible. Then it becomes clear that these trajectories lie almost exclusi-
vely in that region of the aquarium where the food is located. Of course it is possible
to see that the trajectories don’t leave the food region when these trajectories are repre-
sented in the form of lists. Suppose the food region extends along the y-axis of the
aquarium up to point 5. Then, in order to ascertain that the trajectories of all the fish lie
inside this region you would have to look up every entry in the list and, more impor-
tantly, you would have to have the hypothesis that they lie in this region beforehand.
But the emergent property was supposed to be perceived as a result of the process of
iteration and not something to be hypothesised. It seems therefore that if the data the
iterative process yields are not portrayed in a format adapted to our special cognitive
capacities (in this case the visual capacity of pattern recognition) emergent properties
will go unnoticed.

Generality of laws versus non-triviality of deductions

At first sight the given examples seem to illustrate only weak emergence, that is,
a property which is instantiated only by a certain whole but not by any of its parts.
They fall short of the more restricted condition of strong emergence which says that
the property of the whole cannot be reductively explained by properties of the parts (2)
since in each case the emergent behaviour of the whole could be accounted for by some
simple rules pertaining to the behaviour of the parts, either by inspecting the rules them-
selves or by trying to see what they imply or by running a computer simulation and
visualizing the steps of the simulation. When we abstract from the differences between
these cases which are of a completely epistemic nature we have an explanation of
emergent properties which is non-trivial since it does not use a rule of the form ,,If the
parts of a whole have properties a, b, and ¢ the whole has the properties d, e, and f*“.

39



Bectauk PYJIH, cepus @urocoghus, 2011, Ne 2

What I would like to emphasise now is that none of the rules used in the expla-
nations qualify as general laws of nature in Broad’s sense. Take rule 2 of the first ex-
ample ,,Turn right or left when there is an obstacle in front“. This rule is obviously no
general law of nature. Why not? It describes a disposition of an object to turn right or
left when there is an obstacle in front. As a description of a disposition it could be
a general law of nature such as that particles with the same kind of charge (negative
or positive) repel each other. But this rule is no law of nature because it does not
specify the things for which it is supposed to hold. It might be thought that this prob-
lem is not difficult to solve. We could simply stipulate a domain of things. We could,
for example, take the domain of all natural and artificial creatures. But then, of course,
it is immediately patent that the law would be false because it is falsified by organisms
which don’t turn left or right when the obstacle is a prey which can easily be captured.
Again they don’t turn left or right when it is an predator. In this case they move away
from it. On the other hand there are artificial creatures, or at least there could be, which
move towards an obstacle and just stay there. In any case, it would be no problem to
construct such robots. It is only that their behaviour is not very interesting and thus
a waste of time and energy. Since natural and artificial creatures would not make up
an appropriate domain of validity for our law and since for almost any other natural and
artificial domain the same is true we can conclude that there is no domain for which
this rule would be a general law. It is valid for robots which have been constructed with
the aim that they obey it and this is the reason why it is true of them. But it is not valid
for any other domain. The same goes for the rules a) and b) of the second example.
Systems for which these rules are true descriptions of their dispositions constitute no
natural domain. If, for example termites satisfy it and no other insects it is not a gen-
eral law simply because a larger domain is lacking in which there are different types
of organisms each type satisfying the same description. But suppose there were other
species for which these rules would be equally valid. Suppose that a variety of other
insects behave in a similar way. As long as we don’t have a domain constitutive prop-
erty which determines the domain in which the law is supported to be valid we don’t
know 1if rules a) and b) are general laws since a law is general only if it holds for
every phenomenon of a certain domain. As long as we don’t know whether the rule is
a general law or not we should be uncertain whether the macroproperty is strongly
emergent or not. But as a matter of fact we don’t experience any such uncertainty. Instead
we feel that we have a perfectly acceptable explanation of the macro property and thus
nothing that is strongly emergent.

If natural and artificial termites satisfy the rules they are still no general laws beca-
use the laws’ generality should be independent of our actions. But once we have un-
derstood the workings of certain natural systems we could construct (in principle) an
artificial system as a duplicate of the natural one and thereby give the property of general-
ity to a rule which it formerly did not possess. The generality of laws would be trivial-
ised by this procedure and for this reason it cannot depend on our actions.

The third example raises a difficulty, however, not encountered in the other exam-
ples. There are school fish and solitary fish. Sardines and thuna are examples of the first,
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sharks and sword fish of the second kind. The basic rule concerning the behaviour of
single school fish, viz. that when one of them sees another one it will approach the
other is clearly not only valid for sardines, but also for thuna fish. So it seems that we
have a general rule here, a general schoolfish rule. A little reflection, however, shows
that this rule has quite a peculiar status, since it is a rule by which the domain of school-
fish is defined. Newton’s law of gravitation is not of the same character. It does not
define the domain for which it is valid. The role of a domain defining property is played
by mass. This leads us to postulate a further constraint on general laws: they must not
define the domain for which they are valid. Since if they define this domain their truth
is a consequence of the definition. They are true of all and only those things they are
true of. But ,,real” general laws should not be true by definition but because the em-
pirical world makes them true, that is, they should not be logically true. If we impose
this further constraint the basic rule for schoolfish is not a general law, contrary to first
appearances.

In none of the examples, then, there is a general law of nature which is used in
the explanation of the macro property. According to Broad’s concept of emergence
all these macro properties would be emergent in the strong sense since they would not
be deducible from properties of the parts and composition rules which are general laws.
But this result is certainly counterintuitive because despite our having an explanation
of each macro property they should be (according to the generality condition) consid-
ered as strongly emergent all the same.

What are we to do with this situation? I think that we can take it to show that the
criterion of being a general law is indeed too strong and that it should be replaced by
something less restrictive. Why should we draw this moral, why not say that a lot or
maybe all of the phenomena with which the sciences of complex systems are concerned
are emergent in a strong sense? The crucial consideration here is that what Broad wanted
to do with his constraint of general laws was to prevent trivial deductions. The gener-
ality of laws was an efficient means to exclude such deductions. With this constraint
in place it was not acceptable any more to derive salt’s property to dissolve in water
from a rule saying ,,If sodium is combined with chlorine then the resulting compound
dissolves in water.” But although this constraint does its work very well, it does it too
well since it does not only exclude trivial deductions but also excludes deductions
which are non-trivial but which don’t employ general laws. Since Broad’s basic end
was to avoid trivial deductions and since his proposed means for achieving this end
turns out to be too strong we can simply replace it with Broad’s wider constraint that
the employed rules must not be trivial. Triviality, in this context, is easily defined. A com-
position rule is trivial iff it simply connects the properties of the parts with the prop-
erty of the whole and if this connection is a fact of experience. To be a fact of experi-
ence means that only a correlation between a given property of a whole and properties
of its parts has been observed and that nothing is known about sow the properties of
the parts conspire to yield the preoperty of the whole. Moreover, in the relevant cases,
the properties of the parts are different from those of the whole, e.g. having two elec-
trical poles (H,O molecules) and being liquid (water). If the property of the whole and
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of the parts is qualitatively the same then there is no problem, e.g. negatively charged
cathode rays which are composed of negatively charged electrons. What Broad had in
mind as composition laws which would trivialize deductions were laws connecting
different properties as a brute fact, as it were.

Accordingly there are several possibilities for a deduction to be non-trivial (1).
Instead of mentioning the observable properties of the parts the composition rule men-
tions one or more of their theoretical properties. In the case of chemistry, for example,
it may mention the number of electrons in various orbitals [cf. 23. P. 440]. Thus a com-
position rule would be non-trivial if it connects theoretical properties of the parts with
other non-observable part properties which are then conceptually connected with an
observable property of the whole. A case in point is the liquid state of substances. Li-
quidity is explained, first, by the strength of the forces between the atoms or molecules
of a substance. If this strength is small enough the component parts of a substance can
move relative to each other. And such motion is liquidity. (2) The connection between
the observable part properties and the observable macro property is not a fact of experi-
ence but a theoretical consequence. For example, when we have a theory which con-
nects the electrical ductility of a piece of metal with the observed behaviour of the
metal atoms under certain conditions we are able to predict whether a given substance
is a good conductor of electricity if we know how its atoms behave under these condi-
tions (3). The parts of the system have dispositional properties, i.e. their behaviour can be
described by rules which together with certain boundary conditions bring about the
macro property. To this class of cases our three examples belong. It is important to note
that the rules describing the dispositional properties of the parts need not be general
laws in the sense discussed.

Every explanation which employs a rule of the form (1), (2), or (3) is a non-
trivial explanation and as such renders the macro property non-emergent.

The important lesson that we are taught by these examples is that a condition which
otherwise would not have aroused any suspicions does appear in a different light when
it is confronted with these cases. In the light of the examples we come to appreciate
that Broad’s condition is actually too strong. On the other hand, since we understand
what kind of service this condition has been intended for we can readily replace it with
a wider constraint which still yields the desired result, viz. the exclusion of trivial ex-
planations.

It is somewhat ironic that, exactly as it was the results of the sciences which ar-
rived after Broad had written his book, viz. quantum chemistry and molecular biology,
and which turned the properties of chemical compounds and the property of life into
non-emergent properties, it is now scientific results (in the form of engineering and com-
puter simulations) which even change the conceptual features of the notion of emergence.
As ironic as this may be with respect to Broad I take it to be a good sign. It means that
there is progress in philosophy.

NOTES
(1) Provided that there are walls in its environment.

(2) For the concepts of weak and strong emergence see: Stephan A. Emergenz: Von der Unvor-
hersagbarkeit zur Selbstorganisation [24].
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Crarbs IOCBSILIEHA BONPOCY 00 YCJIOBUSIX MPABOMEPHOTO IIPUMEHEHHUS MTOHATHS SMEPIKEHTHOCTH
K TEM WM UHBIM KadecTBaM Makpommupa. [ TaBHast 1enb cTaThi — IoKa3aTh, 4To BBeAaeHHoe Y.J[. Bpoymom
OrpaHHYEHHE Ha TPHEMIIEMOCTh IEAYKIMH MaKpOKa4ecTB, MPU3BAaHHBIX ITOKA3aTh, YTO MaKpOKa4eCTBa
HE SIBJISIIOTCS SMEP/PKEHTHBIMHU, SIBJISICTCS CIIMIIKOM CTPOTHM U JAOJDKHO OBITH 3aMEHEHO 0oJiee MATKHUM,
COTJIaCHO KOTOPOMY 3TH JAEAYKIUH JIOJDKHBI OBITh HETPUBHAIBHBIMU. BO-IIEpBBIX, ClienyeT YTOUHHTh
IIPUMEHSIEMOE B 3TOM Clly4ae MOHATHE BceoOuHocTy. [lo MHEHHIO aBTOpa, 3aKOH ABJISETCS BCEOOIUM,
€CIIM U TOJIBKO €CJIM OH MPHUMEHUM K MHOTr00Opa3HIo SIBIICHUI B OTHOLIEHHH TOTO, YTO aBTOp 00O3HAYaeT
KaK «KOHCTUTYTHBHBIC CBOWCTBA JaHHOW oOjacTu» siBieHuid. [jis 000CHOBaHHMS Te3Hca O Ype3MEpHOU
CTpPOrocTH orpanuueHuii bpoyna B craTbe aHaIM3UpPYyETCs TpU MpuMepa 0OBSICHEHUSI MAKPOKAueCTB, B3s-
ThIE U3 00J1aCTH POOOTOTEXHUKH M OMOJIOTMYECKHX HayK. Kak 1moka3aHo B cTaThe, Bce OOBSICHEHHUS, IPUBE-
JICHHBIE B Ka4eCTBE IPUMEPOB, HETPHBHAIBHEL, a, CIEA0BATEIbHO, OOBSICHAEMBIE C UX HOMOIIBIO KauecTBa
HE SBJISIIOTCS SMEP/DKEHTHBIMU. B 3akimroueHne KpaTko OnpeesstoTcss TP OCHOBHBIE THUIIA HETPHBHAIIb-
HBIX OOBSACHCHHH.

KimoueBble ciioBa: OMEPKCHTHOCTD, 3aKOHBI IPHUPOABLI, PEAYKTHBHOC 06'I>$ICHCHI/I€, MaKpOKa4ieCTBa.
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