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Abstract
The aim of this paper is to begin developing a version of Gualtiero Piccinini’s mech-
anistic account of computation that does not need to appeal to any notion of proper 
(or teleological) functions. The motivation for doing so is a general concern about 
the role played by proper functions in Piccinini’s account, which will be evaluated 
in the first part of the paper. I will then propose a potential alternative approach, 
where computing mechanisms are understood in terms of Carl Craver’s perspecti-
val account of mechanistic functions. According to this approach, the mechanistic 
function of ‘performing a computation’ can only be attributed relative to an explana-
tory perspective, but such attributions are nonetheless constrained by the underly-
ing physical structure of the system in question, thus avoiding unlimited pancom-
putationalism. If successful, this approach would carry with it fewer controversial 
assumptions than Piccinini’s original account, which requires a robust understand-
ing of proper functions. Insofar as there are outstanding concerns about the status of 
proper functions, this approach would therefore be more generally acceptable.

Keywords Computation · Mechanistic explanation · Proper functions · 
Perspectivalism

In Sect. 1 I review Piccinini’s mechanistic account of computation, and explain the 
apparent need for a notion of proper functions to make this account work. I then con-
sider Piccinini’s own ‘objective goal’ account of proper functions, and raise one poten-
tial problem with this account, suggesting that it might to too early to say how success-
ful the account will be. In Sect. 2 I develop a version of the mechanistic account that 
does not require any notion of proper functions, instead describing computing mecha-
nisms in terms of perspectival functions. Finally, in Sect. 3 I address an obvious con-
cern about the risk of pancomputationalism and triviality, by arguing that perspectival 
attributions of computational functions will be constrained by the physical structure 
of a mechanism, and thus will not entail unlimited pancomputationalism. Once we 
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have adopted an explanatory perspective there will be a fact of the matter about which 
parts of a system will qualify as computational components, based on the requirement 
that they possess a relevantly similar physical structure to one another. This raises the 
question of how to determine which physical structures count as relevantly similar, 
and I briefly consider two options for how to do this, one based on Isaac’s (2013) defi-
nition of similarity in terms of ‘homomorphisms induced by causal processes’, and the 
other based on Millhouse’s (2018) proposal for a simplicity criterion on computational 
mappings. Neither option is fully satisfactory, but both offer some potential routes for 
future investigation into how underlying physical structures might constrain the per-
spectival attribution of computational functions. In any case, reaching agreement on 
what constitutes a relevantly similar physical structure should be more straightforward 
than agreeing on what constitutes a proper function, and so I conclude that we should 
adopt a mildly perspectival version of the mechanistic account of computation.

1  Computing Mechanisms with Proper Functions

According to Piccinini’s mechanistic account of computation, a physical computer 
is a kind of mechanism whose function is to perform systematic transformations 
over medium-independent vehicles.1 He describes several different versions of the 
account (see Piccinini 2015: chapter 7), but I will focus here just on digital computa-
tion, which will serve as a simple test case for the possibility of computing mecha-
nisms without proper functions. At the end of Sect. 3 I will briefly consider how this 
approach might generalise to other kinds of computation, but a deeper exploration of 
this topic will have to wait for another day.

Piccinini’s account of computation is grounded in the mechanistic approach to 
explanation, which has recently become popular in the philosophy of biology and 
cognitive science (see e.g. Machamer et al. 2000; Glennan 2002, 2017; Bechtel and 
Abrahamsen 2005; Craver 2007). According to this approach, an explanation of 
some phenomenon (such as the circulation of blood around the body) is given by a 
physical mechanism (such as the heart) whose activities (such as pumping) produce 
the phenomenon. Mechanisms are further understood to be compositional, such 
that they are composed of parts (components), which can themselves be considered 
sub-mechanisms that contribute to the overall production of the target phenomenon. 
A crucial point here is that a mechanism is only ever a mechanism for some phe-
nomenon, i.e. it has the function of producing that phenomenon, and a mechanistic 
explanation can only be given once a target phenomenon has been identified. In the 
case of computation the function being performed is characterised by Piccinini as 
the systematic transformation of medium-independent vehicles (2015: 121), and the 
phenomenon of interest is just whatever application the system is being used for.2

1 Milkowski (2013) and Fresco (2014) also give mechanistic accounts of computation, but I focus here 
on Piccinini’s account as it is probably the most popular and well-developed. Many of the points made 
here would apply equally well to Milkowski’s and Fresco’s accounts, insofar as any mechanistic account 
of computation must say something about how we determine the function of a mechanism.
2 Typically information processing, but there are other ways of characterising computational phenom-
ena, such as adaptive control or mathematical calculation.
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A digital computing mechanism consists of at least two kinds of components, 
digits and processors, and potentially several other kinds of components, including 
input devices, output devices, and memory units (cf. Piccinini 2015: chapter  11). 
Digits and processors are defined relative to one another, such that a processor is 
able to transform digits according to its specified function, and a digit can be recog-
nised by the relevant processors and transformed accordingly. The other non-essen-
tial components are defined similarly: an input device transforms external stimuli 
into digits, an output device transforms digits into external actions, and a memory 
unit preserves a string of digits. The physical structure of these components is rel-
evant only insofar as it allows them to fulfil these functions, hence making them 
“medium-independent”.

For example, consider a mechanism whose components include two kinds of 
digit, which we will call ‘0’ and ‘1’, and one kind of processor. The function of the 
processor is to take strings of two digits and transform them into strings of one digit. 
If both digits in the first string are 1, it produces a single digit 1. In all other cases 
it produces a single digit 0. The digits and the processor could be instantiated in 
many different physical forms (voltage levels and silicon chips, holes in punch cards 
and a punch card reader, and so on). All that matters is that the processor is struc-
tured such that it is correctly sensitive to the physical structure of the digits, and vice 
versa. We could describe the function of this processor according to the Table 1.

It is important to note that the digits in this example bear no intrinsic content. 
While it is conventional to interpret ‘1’ as ‘TRUE’ and ‘0’ as ‘FALSE’, making this 
processor perform the function ‘AND’, we could just as easily give them the oppo-
site interpretation, under which the processor would perform ‘OR’ (see Dewhurst 
2018 for further discussion). According to the mechanistic account it is possible to 
individuate computational states and processes, such as digits and processors, purely 
in terms of their physical structure along with some understanding of mechanistic 
functions.

If successful, this account would be able to provide us with an objective and non-
semantic definition of computation. Such an account would tell us which systems 
compute and which systems do not compute, and could thus potentially serve as 
the basis for a computational theory of cognition (provided that the brain or nerv-
ous system turned out to have the correct kind of mechanistic structure). It would 
then be a further question whether computational systems, thus defined, were also 
semantic systems, and if so, what kind of semantic content they possess.

Table 1  A simple processor String 1 String 2

0, 0 0
1, 0 0
0, 1 0
1, 1 1
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Piccinini’s account of computing mechanisms relies heavily on the notion of a 
proper function, i.e. a function that it is in some sense the purpose of a system to per-
form (exactly what this sense is remains to be seen). In order to individuate the com-
ponents of a mechanism we need to be able to say what the function of that mecha-
nism is, and correspondingly what the function of each component is. He is quite 
upfront about this requirement, defining a physical computing system as a functional 
mechanism whose teleological (i.e. proper) function is to perform computations 
(2015: 121). As such, he owes us some account of proper functions. He considers 
and rejects two such accounts (etiological and causal/perspectival), before present-
ing his own ‘objective goal’ account. I will briefly rehearse each of these accounts in 
turn, and then outline a potential issue for Piccinini’s own account, which suggests 
that it might be too early to say whether this account will be successful.

One popular approach in philosophy of biology has been to ground our under-
standing of proper functions in the evolutionary history of the organism or system 
in question (see e.g. Millikan 1989; Neander 1991; Griffiths 1993; Godfrey-Smith 
1994; Schwartz 2002; cf. Piccinini 2015: 101–103). Accounts of this kind determine 
the function of an organ or biological component by appealing to its historical con-
tribution to the reproductive success of the organism. So the function of the heart 
is to pump blood, rather than to make a beating sound, because it is this activity 
that has historically contributed to reproductive success. A similar account can be 
extended to artefacts, either by appealing to the intentions of the evolved organism 
who created it, or by appealing to the function that this artefact has been used for in 
the past. Applied to computation, this account would say that a mechanism’s func-
tion is to compute if performing computations has contributed to the reproductive 
success of an organism’s ancestors, or to the historical usefulness of an artefactual 
mechanism.

The problem with selectionist/etiological accounts, according to Piccinini, is that 
they typically appeal to unknown causal histories, “making function attribution dif-
ficult or even impossible” (Piccinini 2015: 102). While it might be true that the com-
putations performed by the brain have contributed to the past reproductive success 
of an organism, we have no direct way of learning about that contribution today, 
and it does not seem that scientists interested in the computational properties of 
the brain typically appeal to its evolutionary history to determine these properties 
(although there are of course exceptions, see e.g. Barrett 2012). Furthermore, these 
accounts run into well-known metaphysical issues concerning the causal impotency 
of an organism or artefact’s history (cf. Davidson’s swamp man 1987 and Dennett’s 
two-bitser 1987). The kinds of mechanistic functions that Piccinini is interested in 
should depend entirely on synchronic causal structure, such that a computing mech-
anism created spontaneously should have precisely the same function as a physically 
identical computing mechanism with a complex causal history. Piccinini concludes 
that whilst the evolutionary history of an organism might play a useful heuristic role, 
it is unsuitable for fixing the proper function of a mechanism.

Piccinini briefly considers causal role accounts that do not appeal to the history 
of a mechanism (e.g. Cummins 1975; Craver 2001), but points out that according 
to such accounts “everything or almost everything (of sufficient complexity) ends 
up having functions” (Piccinini 2015: 103). Applied to his account of computing 
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mechanisms, this would result in something like the pancomputationalism or trivial-
ity that he precisely wants to avoid (see Piccinini 2015: chapter 4). Given the rela-
tive simplicity of basic computational operations, it is plausible that many physi-
cal systems could be construed as performing computations, rendering the notion of 
physical computation relatively uninteresting and/or non-explanatory.

In order to get around this problem, causal role accounts can appeal to the explan-
atory perspective of the relevant scientific community (see e.g. Hardcastle 1999; 
Craver 2013). According to perspectival accounts, the function we attribute to an 
organ such as the heart depends on our explanatory interests: if we are trying to 
explain the circulation of blood around the body, then the heart functions as a pump, 
but if we are trying to explain the synchrony of an infant’s breathing with its moth-
er’s heartbeat, then the heart might function as a metronome. Applied to computa-
tion, this would mean that a mechanism would only have the function of computing 
in contexts where this function contributes to our explanation of some phenomenon. 
For Piccinini, this introduces an unacceptable level of observer-relativity into what 
is meant to be an objective account of computation. In the next section I will argue 
that the perspectival approach can in fact avoid most of Piccinini’s concerns, and 
thus offers a potential alternative to proper functions.

Piccinini’s own proposal is that we should define teleological functions as stable 
contributions to the objective goals of an organism (2015: 108; see also Maley and 
Piccinini 2017), where objective goals are to be understood in terms of the survival 
and inclusive fitness of the organism (Piccinini 2015: 106). In this way he hopes 
to ground teleological functions (pumping blood) in non-teleological truthmakers 
(the survival of the organism). Note that unlike the selectionist/etiological account 
there is no appeal to evolutionary history here: it does not matter why or how the 
heart evolved, but only that it currently contributes to the survival of the organism. 
The account is also able to accommodate artefactual functions, which are simply 
understood as contributing to an objective goal of the organism that created the arte-
fact (ibid: 111). There are some additional subtleties to the account that I will not 
consider here (see Piccinini 2015: 109–117), but it seems able to avoid many of the 
problems associated with the other accounts that Piccinini considers.

A computing mechanism, according to this account, would be a mechanism 
whose function is to compute, where this function is understood as contributing to 
the survival or inclusive fitness of an organism (either directly or via a created arte-
fact). So the electronic computer that I am typing on has the function of computing 
because it has been designed to perform this function, and this function (at least 
indirectly) contributes to the objective goals of its designers. If my brain can accu-
rately be described as a computing mechanism, it is because it performs computa-
tions that contribute to my survival and inclusive fitness (insofar as the brain might 
enable perception, motor control, etc., this seems plausible). If it were successful 
then this account would be able to explain, in objective and non-historical terms, 
what it means for a mechanism to have the function of performing computations.

One potential issue with this account is that it is not clear how we are supposed 
to understand the contribution of a mechanism to an organism’s survival and inclu-
sive fitness without first understanding the structure of that mechanism, which we 
can only identify once we know what function it performs. The proper function of a 
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mechanism is understood in terms of whatever contribution it makes to the objective 
goals of an organism, but we can only identify that contribution if we already know 
what the mechanism does. So it looks like some independent means of identifying 
mechanistic structures is required before we can identify what the proper function 
of a mechanism is. The contribution a mechanism makes to survival or inclusive fit-
ness does not provide any independent explanatory power over and above the causal 
structure of that mechanism. Once we understand the causal structure of a mecha-
nism we can come up with a description of the contribution it might make to sur-
vival and inclusive fitness, but what we cannot do (on pain of circularity) is appeal 
to that description in order to explain the causal structure of the mechanism itself.3

Consider the heart. According to Piccinini’s account, the proper function of the 
heart is to pump blood, as pumping blood contributes to an objective goal (survival) 
of the organism. However, we can only identify this contribution once we understand 
the mechanistic structure of the heart, i.e. once we understand that it functions as a 
pump. Prior to having at least some understanding of its mechanistic structure, we 
would have no basis for attributing this function. But to understand this mechanistic 
structure, according to Piccinini’s account, we would already need to have identified 
its proper function, which is only possible once we have determined the contribu-
tion that it makes to the objective goals of the organism. So we seem to be stuck in 
a sort of dilemma: either we can independently identify the mechanistic structure 
of a system, in which case there seems to be no need for the attribution of proper 
functions, or we cannot identify the mechanistic structure without first appealing to 
proper functions (and hence, objective goals), which leads us into circularity.

It’s possible that it in some cases this circularity could be avoided by first coming 
up with a rough approximation of what the system does, prior to developing a full 
understanding of its mechanistic structure. This would be what Piccinini and Craver 
(2011) describe as a ‘mechanism sketch’, which they argue applies to all forms of 
functional analysis, and could allow us to bootstrap our way to a full mechanistic 
explanation.4 In the case of the heart it could plausibly be argued that we already 
have at least a rough idea of what contribution the organ makes, just by observing 
its surface behaviour and relationship to the rest of the cardiovascular system. This 
might be sufficient to get the account off the ground, at least for systems that have a 
relatively transparent functional structure.

However, the problem seems to be worse for computational structures, which 
can only be individuated once we know what role they are supposed to play. This 

3 This problem of circularity was first raised by Dewhurst (2016), and is similar to one that Piccinini 
himself describes when criticising inferential role accounts of semantic content (2015: 33–34). I take 
it that the kind of circularity at stake here is inferential, in the sense discussed by Humberstone (1997) 
and Burgess (2007). Dewhurst (2016) also suggests that Piccinini’s account of proper functions might 
be self-undermining, insofar as if it were successful then it could be used to ground a semantic account 
of computation based on an ‘objective role’ version of teleosemantics. Of course, this is not a reason to 
reject the account, but rather a reason to think that Piccinini might be better off avoiding proper functions 
altogether.
4 A similar proposal is made in the case of evolutionary explanations by Hull (1967), and discussed by 
Walton (1985) as a way of potentially redeeming (some) circular explanations or arguments.
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is because the functional characterisation of a computing mechanism is highly 
abstract and thinly specified, such that almost any physical system can potentially 
be described as performing some computation (I will return to this issue in Sect. 3). 
Unlike the relatively transparent way in which the heart might be described as func-
tioning as a pump, there is no obvious sense in which a surface level functional anal-
ysis will tell us whether or not a system is computing, or what computation it is 
performing. It is only when we delve deeper and investigate the fine-grained mecha-
nistic structure of a system that we can begin to get a sense of the kind of computa-
tions it might be performing. Prior to doing this we will have no clear way of deter-
mining what contribution, if any, a computing mechanism makes to the objective 
goals of an organism. So if mechanistic analysis is only possible once the proper 
function of a system has been fixed, and if proper functions can only be fixed once 
we understand the contribution a system makes to survival or inclusive fitness, it 
seems like it might be impossible to break out of the circularity described above (at 
least in the case of computation).

Piccinini’s account of proper functions is relatively new, and it is as yet unclear 
how successful it will be. Even if the problem I have described above can be over-
come, it is likely that others will arise. As such it currently represents a potential 
weakness in his overall account of physical computation: if his account of proper 
functions is not successful, then his mechanistic account of computation may also 
be unsuccessful, depending on whether or not there is any other way to preserve the 
core features of the account. As such, my aim in the rest of this paper is to develop a 
version of the mechanistic account that does not rely on any notion of proper func-
tions, and could thus withstand the failure of Piccinini’s proposed ‘objective goal’ 
account. I will do this by rehabilitating a version of the perspectival story about 
mechanistic functions, which he considers only briefly before rejecting.

2  Computing Mechanisms Without Proper Functions

Piccinini briefly considers and rejects accounts of mechanistic functions that appeal 
to explanatory perspectives. Craver (2013; cf. Craver 2001) gives one such account, 
arguing that whilst functional descriptions of mechanisms are “ineliminably perspec-
tival” (ibid: 133), they are perspectival in a sense that does not threaten the objectiv-
ity of mechanistic explanations. Craver’s account builds on Cummins’ (1975) causal 
role account of functions, according to which any causal process can be described 
as functional. In order to avoid having to say that everything has a function, Craver 
introduces the notion of an explanatory perspective from which functional attribu-
tions are made, and which constrains functional attributions to those which are of 
interest from that perspective. In the context of mechanistic explanation, an explana-
tory perspective is already adopted in order to determine the target phenomenon, 
and it follows naturally from this that functional attributions might also be made 
from the same perspective, constraining the attribution of functions to those that are 
suitable for explaining the production of the target phenomenon. My aim in the rest 
of this paper is to use this account in order to propose a way of thinking about com-
puting mechanisms with perspectival functions that does not thereby render those 
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mechanisms completely observer relative. If successful, this account would be able 
to identify and individuate computing mechanisms without appealing to any notion 
of proper functions, while nonetheless avoiding unlimited pancomputationalism (see 
Sect. 3).

Craver distinguishes between three kinds of functional attribution: “as a way of 
tersely indicating an etiological explanation, as a way of framing constitutive expla-
nations, and as a way of explaining the item by situating it within higher-level mech-
anisms” (2013: 133). I will first describe each kind of functional attribution before 
explaining why Craver considers them all to be perspectival and why he does not 
think that perspectivalism of this kind threatens scientific objectivity. I will then 
apply this account of perspectival functions to Piccinini’s mechanistic account of 
computation.

2.1  Etiological Functions

An etiological function is one defined in terms of the history of a system or mecha-
nism, typically its evolutionary history in the case of biological systems (cf. Craver 
2013: 145–149). As Craver describes it, this usually means appealing to the adap-
tive value of the mechanism, such that its function is whatever it was selected for in 
previous generations. The heart’s etiological function is to pump blood, for exam-
ple, because it is this activity that contributed to the survival and reproductive suc-
cess of the organism’s ancestors. In contrast, making a thump–thump sound did not 
contribute to survival and reproductive success, and so is not the heart’s etiological 
function.

Recall that Piccinini dismisses etiological accounts for being excessively specu-
lative (i.e., we can only guess at what historical contribution to adaptive success 
a mechanism may have made), and also for rendering our functional attributions 
causally impotent (i.e. that the heart’s function historically may have been to pump 
blood does not explain why its function today is to pump blood). Craver raises sim-
ilar concerns, but also makes the additional point that etiological functions seem 
to be burdened with normative implications that he thinks have no place in a fully 
mechanistic biology or cognitive science (2013: 148), i.e. they carry with them the 
implication that a mechanism ought to function in a certain way, due to its evolu-
tionary history.5 He argues that while the attribution of etiological functions “can be 
heuristically useful as a guide to creative thinking about what an organism or organ 
is doing” (ibid), they do not identify anything intrinsic to the structure of a mecha-
nism, but are rather a feature of our explanatory perspective.

5 It’s possible that Craver conflates two senses of normativity here, i.e. normativity in the biological or 
evolutionary sense and normativity in the sense of something we ‘ought’ to do. Given that Piccinini also 
dismisses etiological account of functions for independent reasons, nothing much rests on this point for 
my purposes.
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2.2  Constitutive Functions

An attribution of a constitutive function is a description of the synchronic causal 
structure of a mechanism (cf. Craver 2013: 149–151). For example, one might 
describe the constitutive function of the heart in terms of the physical activity of 
constricting and releasing which serves to push blood around the body. Attributions 
of constitutive functions are perspectival in the sense that there are many distinct 
ways in which to characterise the physical activities of a system, none of which is 
obviously privileged outside of an explanatory context. So when we are trying to 
explain the pumping of blood, it makes sense to attribute to the heart the constitutive 
function described above, but if we were trying to explain an avant-garde musical 
performance, it might sense to instead describe how the motion of the heart creates a 
rhythmic beat. Without first adopting one of these explanatory perspectives, there is 
no sense in which one of these constitutive functions is more fundamental than the 
other.

2.3  Contextual Functions

Finally, a contextual function situates the activity of a mechanism within a broader 
system (cf. Craver 2013: 151–154). For example, it only makes sense to say that 
the heart’s function is to pump blood when that heart is situated within a broader 
system composed of veins, arteries, etc. Without this system the heart would not 
be pumping blood, it would just be expanding and contracting. Given that there are 
many different contexts within which a mechanism is simultaneously embedded, it 
once again does not make sense to say that any particular contextual function is the 
function of a mechanism. Prior to adopting an explanatory perspective, we cannot 
privilege any one context over another.

Craver concludes that all three kinds of functional attribution are in a sense per-
spectival, but he does not think that this should give us much cause for concern. 
The reason for this is that Craver thinks a mild form of perspectivalism is just an 
ineliminable feature of scientific practice (at least in the life sciences), insofar as 
we must always make choices about which aspects of a system to focus on when 
giving an explanation (Craver 2013: 155). This is part and parcel of the mecha-
nistic worldview, which emphasises the important explanatory role played by the 
identification and characterisation of an explanandum phenomenon (cf. Shagrir and 
Bechtel 2017), and accepts that this must be done from within our own value-laden 
and epistemically-limited perspective (simply because we have no other perspective 
available to us). Nonetheless, a mild perspectivalism of this kind does not entail that 
‘anything goes’, and should be contrasted with a strong perspectivalism or epistemic 
relativism where any explanation or functional attribution is as good as any other 
(for further discussion see Baghramian and Carter 2017, especially sec. 4.4.3). A 
key point here is that in all three cases (etiological, constitutive, and contextual) our 
attributions of mechanistic functions are still constrained by the physical structure 
of the system, and once we adopt an explanatory perspective, there will typically be 
a clear fact of the matter about what the function of a mechanism is. So while these 
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attributions are perspectival, they are not arbitrary, and from within a perspective we 
should usually be able to agree on what the function of a mechanism is.

Piccinini himself concedes that mechanistic explanations may be perspectival in a 
harmless sense (2015: 142), but dismisses Craver’s account of perspectival functions 
for introducing observer-relativity into otherwise objective scientific practice. How-
ever, I think he is too quick to dismiss the possibility of a perspectival account of 
functions, which I will now argue can serve as an adequate foundation for an objec-
tive (enough) account of computing mechanisms. In the case of computing mecha-
nisms, it seem appropriate to focus on constitutive functions, which most closely 
match the way that computational systems are usually described, i.e. in terms of 
mappings from inputs to outputs (Craver also refers to constitutive functions as 
‘input–output’ functions). As Piccinini argues, individuating computational states in 
terms of their etiological functions fails to reflect our interest in synchronic com-
putational structures. One desideratum of his account is that two physically identi-
cal computing mechanisms should qualify as performing the same (non-semantic) 
computations, regardless of how they have been used historically. The same kind 
of concern rules out individuation in terms of (wide) contextual functions,6 which 
would mean that two physically identical computing mechanisms might turn out to 
be performing distinct computations, depending on the wider context that they find 
themselves in (see Dewhurst 2014, 2018 for further discussion; cf. Shagrir 2001). 
Piccinini does retain a role for “the interaction between mechanisms and their con-
texts” (2015: 139) in fixing functional attributions, but such a role will inevitably 
introduce a perspective of sorts (i.e. that of the observer classifying this interaction), 
and so will be compatible with my general approach. I will focus here on constitu-
tive functions, and try to demonstrate how to apply a perspectival version of consti-
tutive functional attribution to Piccinini’s mechanistic account of computation.

As I described earlier, Piccinini’s mechanistic account of computation requires 
some notion of function in order to individuate computational states and pro-
cesses. We need to be able to say that some given physical configuration functions 
as a digit or functions as a processor, where this function is understood in consti-
tutive terms, i.e. as exhibiting the right kind of causal interactions with other dig-
its and processors. Piccinini tries to ground these functions in the objective goals 
(i.e. survival and/or inclusive fitness) of an organism, but I want to avoid making 
the account reliant on any notion of proper functions. How, then, might a per-
spectival account of mechanistic functions go about individuating computational 
states and processes?

We can stipulate that the constitutive functions we are interested in are those 
that correspond to computational states and processes, as defined according to 
Piccinini’s account of computing mechanisms. According to this account, a digit 
is a physical component that interacts with another physical component, a pro-
cessor, to produce more digits in a systematic manner. So the parts of a physical 

6 Piccinini does allow that the internal context of a computational component might play some role in 
its individuation, insofar as components (such as digits and processors) are defined in relation to one 
another.
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system that interact in this way can be said to have the constitutive functions of a 
digit, a processor, etc. The larger physical system composed of these parts has the 
constitutive function of computing, according to this description. Nothing about 
the description itself is intrinsic to the system, but the description can only be 
applied to systems that possess the correct physical structure, thus constraining 
the class of computational descriptions that can be applied to any given system. 
This means that while our individuation of computational states and processes 
must be made from within an explanatory perspective, there are nonetheless con-
straints on how we go about performing that individuation once we have adopted 
an explanatory perspective. In the rest of this section I will say more about these 
constraints, and in the next section I will respond to the concern that they may not 
be sufficient to rule out pancomputationalism or triviality.

Assume that we are interested in determining whether a system performs 
the computation captured by Table  1. We can see that in order to perform this 
computation, a system must possess at least three kinds of component: a digit 
corresponding to ‘0’, a digit corresponding to ‘1’, and a processor that systemi-
cally performs the correct transformations on strings of these digits. Therefore, 
we must be able to identify physical components in the system corresponding to 
these two kinds of digit and one kind of processor, where ‘corresponding’ simply 
means that we can identify physical structures that are able to play the role of 
those components. There are many different physical structures that could cor-
respond to these components: all that is required is that the processor is correctly 
sensitive to the digits, such that it is able to distinguish them from one another, 
and transform them in the manner described by the table.

Table 1 (repeated) A simple processor

String 1 String 2

0, 0 0
1, 0 0
0, 1 0
1, 1 1

One candidate system might consist of a silicon chip (A) that is sensitive to two 
different voltage levels, 0  V and 5  V. In the most straightforward case, the wiring 
connected to this chip only ever carries pulses of 0  V or 5  V, making it simple to 
interpret the system in a way that matches up with our desired transformation (see 
Table 2). However, it could also be the case that the wire carries strings consisting of 

Table 2  The transformations 
performed by chip A

Input Output

0 V, 0 V 0 V
5 V, 0 V 0 V
0 V, 5 V 0 V
5 V, 5 V 5 V
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other voltage levels, which the chip is not systematically sensitive to.7 In this case we 
would just ignore the additional voltage levels, which, relative to our explanatory per-
spective and the chip (i.e. processor) in question, would not constitute computational 
components.

Take this same wiring and connect it up to a second chip (B), however, and those 
additional voltage levels could constitute computational components. Chip B is sen-
sitive not only to 0 V and 5 V, but also to 2.5 V, which it treats identically to 0 V (see 
Table 3). This chip would continue to perform the same basic computation opera-
tions as those performed by chip A (presented in Table 1), despite being sensitive to 
an additional voltage level, although this additional sensitivity would mean that its 
outputs could be distinct (depending on what inputs each system receives). A third 
kind of chip might be sensitive to all three voltage levels, but treat them each as a 
distinct kind of digit, resulting in a distinct set of computational individuations (for 
further discussion see Shagrir 2001; Dewhurst 2018).

There are many further permutations of physical computing mechanisms that 
could be described in this manner. The important point is that once we have adopted 
this explanatory perspective, there will be a limited (although still wide) range of 
interpretations that each of these physical systems can be given. We could give 
each kind of digit the opposite interpretation, mapping both chips to the operation 
described by Table  4, rather than Table  1, but we could not (for example) count 

Table 3  The transformations 
performed by chip B

Input Output

0–2.5 V, 0–2.5 V 0–2.5 V
5 V, 0–2.5 V 0–2.5 V
0–2.5 V, 5 V 0–2.5 V
5 V, 5 V 5 V

Table 4  Another simple 
processor

String 1 String 2

1, 1 1
0, 1 1
1, 0 1
0, 0 0

7 It is true the chip is likely to react in some way to all kinds of irrelevant stimuli, including other voltage 
levels, being dropped on the floor, or being immersed in water (reactions in these cases might include 
overheating and eventually melting, breaking apart physically, or short-circuiting). These reactions are 
either going to be unsystematic, in which case they cannot appropriately be interpreted as components 
in a computing mechanism, or else systematic enough that they could plausibly be interpreted as com-
putational components. In the latter case it would be quite possible to adopt a perspective from which, 
say, heat transference from an overheating processor does constitute a computational output, i.e. a digit 
of sorts, although this might not be an especially helpful perspective to adopt. This concession may raise 
some concerns about triviality and/or pancomputationalism, which I respond to in the next section.
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2.5–5 V as a single kind of digit in the case of chip B, as the physical structure of the 
chip is not consistently sensitive to this range of voltage levels (i.e. it does not treat 
voltage levels in this range in a consistent manner).

In this section I have presented Craver’s (2013) account of mechanisms with 
perspectival functions, and argued that this approach is suitable for the attribution 
of functions to computing mechanisms. According to this perspectival account of 
computational functions, what it means for a mechanism to perform the function of 
computing is to possess the correct kind of physical structure to be interpreted as 
performing this function from an explanatory perspective. A perspectival approach 
of this kind raises obvious concerns about pancomputationalism and triviality, as it 
is notoriously easy to interpret any physical system as performing some (or perhaps 
any) computation, such that it will turn out that every physical system is a computer. 
In the next section I will respond to this concern by explaining in more detail how 
the physical structure of a system might constrain the range of computational func-
tions that we can attribute to it, thus avoiding unlimited pancomputationalism.

3  Pancomputationalism, Observer‑Relativity, and Triviality

According to the strategy outlined in the previous section, any given computational 
system can be interpreted as performing a number of distinct computations, depending 
on one’s explanatory perspective. Coupled with the ease with which physical systems 
can be interepreted as performing computations, this might raise familiar concerns 
about pancomputationalism, triviality, or observer relativity. Piccinini (2015: chap-
ter 4) distinguishes between several different varieties of pancomputationalism, rang-
ing from the strongest version, where “every physical system performs every computa-
tion” (ibid: 51), to weaker versions where every physical systems performs one (or a 
few) computations (ibid: 52). He also considers different sources of pancomputation-
alism, including ‘interpretivist’, ‘causal’, and ‘information-based’ (ibid). The perspec-
tival account advocated here is most vulnerable to a combination of interpretivist and 
causal pancomputationalism, which might be either strong or weak, depending on how 
the details are cashed out. In the rest of this section I will argue that we should bite the 
bullet and accept a limited version of pancomputationalism, where many (or perhaps 
any) physical systems can be interpreted as performing some computation relative to 
an explanatory perspective. However, it will turn out that once we have adopted an 
explanatory perspective, the range of functional attributions that we can make is con-
strained by the underlying physical structure of the system that we are interested in, 
thus avoiding completely unlimited pancomputationalism. One consequence of this 
approach is that we can no longer appeal to the computational status of a system in 
order to determine whether or not it is cognitive, thus ruling out an exclusively com-
putational theory of mind, although this is not to say that computation could not make 
some contribution to our understanding of mind or cognition.

There is one additional variety of pancomputationalism, which is the idea that the 
entire universe might be a computer. According to this view, the fundamental nature of 
the universe is computational, and all physical processes are the outcome of underlying 
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computational processes.8 It is an important proposal, with many interesting implica-
tions,9 but these are ultimately orthogonal to the current discussion. If the whole uni-
verse is a computer, then the question of whether any particular system is computational 
becomes moot, or alternatively, we would need to redefine what we mean by ‘computa-
tional’ in order to salvage an interesting sense of the term. One way of doing this would 
be to adopt the perspectival account of computational functions that I presented in the 
previous section: even if the whole universe was a computer, it might not always be use-
ful or interesting to describe it in computational terms, and so we will need some criteria 
to determine when a computational description of a system is most appropriate. The best 
way to do this, I claim, is in terms of explanatory perspectives. Moving forward I will 
focus on the question of how to define the relationship between a perspective and a sys-
tem such that we can distinguish between more or less appropriate attributions of com-
putational functions, and thus avoid completely unlimited pancomputationalism.

The perspectival account of computational functions introduced in the previ-
ous section is obviously observer relative to some extent, insofar as it says that the 
function of ‘computing’ (and mechanistic functions more generally) are always 
attributed to a system from an explanatory perspective. This should not be seen as 
a negative feature of the account, but is rather a consequence of the way in which 
we characterise computational processes such that any given system can be seen as 
performing multiple computations simultaneously. Each system can nonetheless be 
given a physical description (i.e. in terms of voltage levels), which provides a strong 
limitation on the range of computations it can be described as performing.10 This 
rules out of the kind of radical observer-relativity that Piccinini is concerned with, 
for so long as there is a fact of the matter about the physical interactions going on in 
a system, there will be only a limited range of computations that we can legitimately 
interpret it as performing.11

Most arguments for unlimited pancomputationalism involve arbitrary mappings 
between a computational formalism and the physical structure of a (supposedly) 

8 Piccinini (2015: 56–60) calls this view “ontic pancomputationalism”, and historical proponents include 
Zuse (1970, 1982), Feynman (1982), Toffoli (1982), Wheeler (1982), and Wolfram (2002). Piccinini 
offers some empirical and metaphysical objections to the view, but I will not take a stand on it either way 
in the current article.
9 See e.g. Pexton’s (2015) article in this journal, which argues for a kind of ontological emergence based 
on ontic pancomputationalism. Pexton draws on the same idea of informational compression in terms of 
Kolmogorov complexity that I will later suggest can help constrain attributions of computational func-
tions, but his argument otherwise has little to do with the current topic, as it assumes a radical version of 
pancomputationalism that I think renders the question of computational identity/individuation relatively 
moot—I discuss this point in more detail in the main text.
10 Coelho Mollo (2017) has recently argued that this method of computational individuation forces us 
“to give up any useful notion of computational equivalence”. His proposed solution, however, is reliant 
on teleological functions, and as such would not be suitable for an account that aimed to do without any 
notion of proper function. A full response would not be appropriate here, but in brief I think that it will 
be possible to fix a level of physical description where, at least relative to explanatory interests, we are 
able to identify the required computational equivalences.
11 Fresco (2015) defends a similar (although less permissive) position, according to which multiple 
semantic interpretations can be made of a single computational system, while nonetheless remaining 
constrained by the physical structure of that system.
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computational system. For example, Searle’s classic argument for pancomputation-
alism involves identifying an isomorphism between arbitrary molecular movements 
in a physical system (a wall) and the formal structure of the Wordstar program12 (see 
Searle 1992: 208–209; cf. Putnam 1988: 121–125 for a more formal version of this 
argument), without having to say anything at all about the mechanistic structure of 
the wall itself. My account is able to avoid having to allow computational mappings 
of this kind, as we will not typically be able to identify stable physical configurations 
corresponding to digits and processors in (intuitively) non-computational systems 
such as a wall or a bucket of water. A processor must be able to systematically iden-
tify and transform discrete physical configurations (i.e. digits), which cannot happen 
in an unstructured physical system. Within any given computing mechanism, every 
type-identical digit or processor must possess a relevantly similar physical structure, 
which rules out the kind of post hoc or retroactive mappings that arguments for pan-
computationalism typically rely on.

More will need to be said in the future about how exactly to spell out this notion 
of ‘relevantly similar physical structure’, but one option might be to adopt a version 
of the account presented by Isaac (2013), who argues for a notion of similarity based 
on ‘homomorphisms induced by causal processes’. The idea here is that in order to 
qualify as ‘similar’ in an objective sense, two structures must not only be homomor-
phic to some degree, but must also bear this homomorphism as the result of a causal 
process, either from one to the other, or from some common ancestor. While Isaac 
uses the account to elucidate the use of mental representations in psychological sci-
ence, it could be repurposed to give a more general analysis of structural similar-
ity that makes no assumptions about representation or semantic content. In the case 
of physical computing mechanisms, this would allow us to individuate components 
(such as digits and processors) according to their physical structure, where two dis-
crete components are counted as the same component-type only if they are struc-
turally homomorphic in the relevant sense and this homomorphism can be traced 
back to a common cause (such as the designer of an artificial system, or evolution-
ary mechanisms in the case of natural computation). The immediate benefit of this 
approach is that it would rule out gerrymandered or ad hoc mechanisms like those 
described by Putnam and Searle, but a downside is that it begins to resemble the 
etiological accounts of proper functions that I criticised in Sect.  1, as it relies on 
some access to the causal history of a system. As such, it is not yet clear that this 
approach is suitable for present purposes, although it has some promise and could be 
developed further in future work.

Another possible option would be to adopt the ‘simplicity criterion’ recently 
proposed by Millhouse (2018), according to which we can measure the relative 
(Kolmogorov) complexity of a computational mapping and thus determine to what 
extent a proposed implementation is tracking ‘real patterns’ in the underlying physi-
cal structure.13 The idea is that a computational mapping could be considered more 

12 An early word processing program.
13 Fresco (2015: 1037) makes a similar suggestion, and Ladyman and Ross (2007) originally made the 
connection between Dennettian real patterns and informational complexity.
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robust (and less arbitrary) to the extent that it provides a more compressed descrip-
tion of the dynamics of the physical structure. So a ‘good’ mapping will provide a 
more compressed description, whereas a ‘bad’ mapping (such as Searle’s Wordstar 
wall) will require a very lengthy, uncompressed description. There are some further 
details that I am not able to go into here, but this approach offers a promising way of 
thinking about the relationship between a computational formalism and its physical 
implementation.

Millhouse concedes that his criterion would get us only an ordering of which 
mappings are more or less ‘simple’, rather than a conclusive answer to the question 
of whether or not a system implements a computation, but according to the per-
spectival approach I am endorsing here this should not concern us too much. We 
can concede that it might be possible to map any computational formalism to any 
physical structure without thereby denying that some mappings (or functional attri-
butions) are more useful than others. What Millhouse’s criterion give us is an objec-
tive measure of how well a computational function describes an underlying physi-
cal structure (in terms of the informational complexity of that description), which 
could also allow us to compare the structures directly, in terms of which computa-
tional functions can be most naturally implemented upon them (cf. Millhouse 2018: 
16–17).

However we do it, once we have identified a sense of ‘relevantly similar physi-
cal structure’ that most agree upon, we will be able to assess different attributions 
of computational functions to structures in a relatively non-perspectival manner.14 
While it will remain the case that a given attribution might be more or less valu-
able relative to our different explanatory perspectives, we will nonetheless be able 
to agree upon the value of that attribution relative to the perspective in question. 
Millhouse’s (2018) proposal is once again valuable here, as we can understand the 
notion of an ‘explanatory perspective’ (qua computation, at least) in terms of the 
perspective from which an interpretation is made (ibid: 12). So even if it is the case 
that stable physical configurations to which we can attribute computational func-
tions are quite common, there will still be a fact of the matter about which of these 
attributions is of more value (in terms of information compression) from a given 
explanatory perspective.15 In some cases the computational description of a given 

14 I have suggested two possible ways of understanding ‘relevantly similar physical structure’ here, both 
of which have their downsides. Possible alternative approaches include Eva et al.’s (forthcoming) assess-
ment of the similarity of causal structure in evidential and counterfactual terms, and Schiller’s (2018) 
proposal for assessing the similarity of computational structures in terms of a ‘swapping constraint’. The 
latter could be particularly appropriate for present purposes, but as it was not yet published at the time of 
writing I have not been able to consider it in any detail here.
15 In an earlier draft I suggested that such stable configurations might be quite uncommon, but as an 
anonymous reviewer pointed out, there are many kinds of common physical interaction that can easily 
be interpreted in computational terms, such as two lanes of traffic merging in a systematic manner, or a 
wall undergoing gradual collapse as a result of stable geological processes. In the latter example there are 
unlikely to be discrete parts of the system that are similar enough to be treated as instances of the same 
computational component type, but in the former example it is plausible that there could be, in which 
case I would be willing to accept that there might be a perspective from which this constitutes a form of 
computation. Nonetheless, some systems will still be more amenable to computational description than 
others, a feature that Millhouse’s account manages to capture well.
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system may even be less compressible than a simple physical description, suggest-
ing that the attribution of a computational function to this system, while possible, is 
explanatorily superfluous (see Millhouse 2018: sec. 3.1).16

A perspectival account of computing mechanisms will nonetheless involve 
accepting a more limited form of pancomputationalism. It is the case that for any 
given physical system, there is likely to be an explanatory perspective from which 
some of the physical structures within that system can be interpreted as the com-
ponents of a computing mechanism. This would seem to suggest that, according to 
the perspectival account, every physical system performs at least some computa-
tion, resulting in limited pancomputationalism. I do not think that the perspectival-
ist about computational functions should try to deny this. However, as Schweizer 
(2014, 2016) has recently argued, pancomputationalism of this kind should not con-
cern us, provided that our aim is simply to describe how computational explana-
tion (in cognitive science and elsewhere) can proceed. If our aim was to provide an 
account of which systems are cognitive, as classical computationalism has attempted 
to do, then this limited form of pancomputationalism would be more concerning, as 
it would turn out that there is nothing unique about the computational capacities of 
cognitive systems. I take it that adopting the perspectival account would simply give 
us reason to avoid a computational criterion for cognition, and to look elsewhere 
for a ‘mark of the cognitive’ (if indeed there is one to be found). This is not to say 
that cognitive systems are not computational—they may well be—but rather that we 
should not define them as cognitive simply in virtue of being computational.

So, by adopting a perspectival account of mechanistic functions, it is possible to 
develop a version of Piccinini’s mechanistic account of computation that makes no 
reference to proper functions, but is nonetheless capable of non-arbitrarily individu-
ating computational states and processes. Doing so involves adopting an explanatory 
perspective, but perspectivalism of this kind is perfectly innocent and widespread 
across the biological sciences. While such an account is not totally objective, as it 
requires us to acknowledge the perspective of an observer, it does not collapse into 
total observer-relativity in a way that would render the notion of computation trivial. 
A perspectival account of mechanistic functions is in this sense no worse off than 
perspectival accounts in any other scientific discipline (see e.g. Giere 2006 for a 
general account of scientific perspectivalism, and Massimi 2016 for a recent analysis 
of different kinds of perspectival realism).

I have focused here on defending a perspectival account of digital computing 
mechanisms, and there is an additional question of whether and to what extent this 
account will generalise to other kinds of computation, such as analog computation 
(Piccinini 2015: chapter 12), neural computation (Piccinini and Bahar 2012),17 and 

16 One could even adopt this as a definition of computation if so desired, ruling out cases where the 
computational description is less compressible than the physical description, although this measure will 
still allow many more computational systems than are usually accepted.
17 Neural computation may or may not be a species of analog computation—see Maley (2018) for fur-
ther discussion.
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‘unconventional computing’ understood more broadly (see e.g. Adamatzky 2015).18 
One concern here might be that, once we allow in these other kinds of computa-
tion, the physical constraints described above will no longer be sufficient to prevent 
unlimited pancomputationalism. For example, analog computations are defined over 
continuous variables rather than discrete digits, rendering problematic the ‘stable 
physical configuration’ constraint on computational attributions. This might mean 
that any physical interaction can be trivially interpreted as performing any analog 
computation, reintroducing unlimited pancomputationalism. One obvious option 
here would be to distinguish between the different kinds of computation, such that 
digital computations are constrained in the ways suggested above, and other kinds 
of computation are either constrained in some other way, or unconstrained such that 
they allow for unlimited pancomputationalism. We could subsequently distinguish 
different kinds of pancomputationalism (digital, analog, etc.), and we might at least 
be able to avoid unlimited digital pancomputationalism. This would be sufficient for 
my current purposes, although in future work I would like to explore the possibility 
of physical constraints on the perspectival attribution of computational functions of 
other (i.e. non-digital) kinds.

4  Conclusion

In Sect. 1 I introduced Piccinini’s mechanistic account of digital computation and 
described the apparent need for some notion of proper functions in order to make 
this account work. I raised one concern with Piccinini’s own preferred account 
(his ‘objective goal’ account), suggesting that it might suffer from a form of infer-
ential circularity between the attribution of proper functions and the identification 
of mechanistic structures, which both seem to rely upon one another. Even if this 
argument is not convincing, it would be preferable if the mechanistic account could 
avoid appealing to proper functions, in order to remove a potential weakness of the 
account. Given the relatively controversial status of proper functions in biology and 
cognitive science, it would be better if the account were not reliant on proper func-
tions at all. As such, I have suggested that Craver’s account of mechanisms with 
perspectival functions might provide a suitable basis for a version of the mechanistic 
account that does not rely on proper functions at all. In Sect. 2 I proposed a way of 
thinking about computing mechanisms as having perspectival functions. Finally, in 
Sect.  3 I argued that this approach is able to avoid some obvious concerns about 
pancomputationalism and observer-relativity by appealing to the underlying phys-
ical structure of a mechanism used for a particularly explanatory purpose, which 
serves as a constraint on our attributions of computational functions. However, it 
will still be the case that any physical system can potentially be interpreted as per-
forming some computation, resulting in limited pancomputationalism. This is a con-
sequence of the perspectival approach that I think we should accept, although this is 
undoubtedly a controversial position. In future work I would like to explore in more 

18 I thank an anonymous reviewer for bringing this important issue to my attention.



587

1 3

Computing Mechanisms Without Proper Functions  

detail how a physical structure can constrain the range of possible computational 
interpretations, and why I do not think we should be concerned by the form of lim-
ited pancomputationalism implied by the perspectival approach presented here.
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