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ABSTRACT. Our interest is in understanding the financial markets as a sociotechnical
cognitive system, akin to the kind of sociotechnical cognitive systems that we find in other
highly collaborative and technologically dependent cognitive systems, such as in certain
kinds of scientific inquiry. It is proposed that we should unpack this notion of sociotechnical
cognition through the lens of the extended cognition research program. A three-tiered account
of sociotechnical cognition is set out—along with the corresponding variety of
sociotechnical knowledge that results—and applied to the special case of financial expertise
employed within a market setting. The first tier is sociotechnical facilitated cognition. This results
in sociotechnical facilitated knowledge that is individual and non-extended. The second tier is
sociotechnical extended cognition. This generates sociotechnical extended knowledge that is individual
and extended. The third tier is sociotechnical distributed cognition. This generates sociotechnical
distributed knowledge that is irreducibly attributable to a group agent rather than to individuals
within that group. It is argued that financial expertise employed in market settings is at least
typically at most a form of sociotechnical extended cognition (thus leading to only
sociotechnical extended knowledge).

KEYWORDS: Epistemology; Distributed Knowledge; Extended Cognition; Extended
Epistemology; Philosophy of Economics.



1. INTRODUCTORY REMARKS

It is natural to think of the financial markets as a type of cognitive system that is essentially
both social and technological in nature. Skillfully operating in these markets requires an
extensive dependence on both technology (e.g., financial technology, or ‘fintech’ as it is more
widely known) and the expertise of others (e.g., experts on a given stock, a particular
financial market, the geopolitical situation in a region that is important to a trade, and so on).
The entails that the kinds of theoretical frameworks that apply to sociotechnical cognitive
systems ought to be, in principle at least, applicable to our understanding of financial
markets and thereby cast light on how they function.

It is in that spirit that there has been a growing discussion in some quarters regarding
how best to understand the sociotechnical cognitive system in play in the financial markets.
For example, one might ask to what extent they are akin to advanced scientific research
teams, given that these are also regarded as sociotechnical cognitive systems (we will come
back to this analogy). Indeed, some have even postulated a quite radical hypothesis in this
regard, which is that we should take seriously the idea of there being a ‘market mind’, where
this is to be understood as not simply the aggregation of, say, individual traders and their
actions but rather as some kind of emergent property of the financial cognitive system.'

While I find this topic—and in particular the radical proposal of the market mind

hypothesis—to be very interesting, I also think that there are a lot of important
philosophical distinctions that often get glossed over in this discussion of the cognitive
system involved in the financial markets. I therefore propose to get back to first principles.
This will involve mapping out the conceptual terrain and then seeing how it applies to the
case of financial markets gua cognitive system.

As we will see, I will be especially concerned with the epistemological implications of
different ways of understanding this sociotechnical system. For if we take the idea of the
financial markets as a sociotechnical cognitive system seriously, then that implies that the
financial expertise involved in this sociotechnical cognitive system produces a kind of
sociotechnical financial knowledge. (By way of comparison, think of how the sociotechnical
system of advanced scientific research terms involves scientific expertise that leads to
sociotechnical scientific knowledge). How is this sociotechnical financial knowledge to be

understood?



Drawing on previous work, I will be proposing a three-tiered conception of
sociotechnical cognition and the knowledge that corresponds to it.* As we will see, this
approach will make appeal to the extended cognition research program in the philosophy of
cognitive science.” In particular, it will appeal to the epistemological ramifications of that
research program, what I have previously described as extended knowledge.*

At the first level, there is sociotechnical facilitated cognition. This generates individual non-
extended knowledge—i.e., knowledge that is possessed by the agent alone and which is
attributable to her regular (non-extended) cognitive processes. At the second level, there is
sociotechnical extended cognition. This generates individual extended knowledge. At this level, this
knowledge is also individual knowledge, but it differs from the knowledge that is acquired
via sociotechnical facilitated cognition in that it is attributable to extended cognitive processes.
Roughly (we will explain this distinction in more detail below), this is when
sociotechnological features of the subject’s environment become a proper part of the
subject’s cognitive processes. At the third level there is sociotechnical distributed cognition. Unlike
the other two levels, this results not in individual knowledge but rather sociotechnical distributed
knowledge. This is when the knowledge that is being generated is properly attributable to a
group of agents rather than to any individual agent within that group.

I will be suggesting that market knowledge—i.e., the kind of knowledge market
experts acquire—is often best understood as, at most, sociotechnical extended knowledge. If
that’s right, then this has an important bearing on how we should construe an idea like the
‘market mind’. In particular, we are not to think of this as being a sociotechnical distributed
cognitive system that generates distributed knowledge (which is what I think is the most
natural interpretation of how a market mind should be understood).

A final point before we get started. I will be understandings market knowledge in a
very specific sense, on the grounds that I think this is the proper target for any discussion
about the market as a cognitive system. My focus will be on the expertise exhibited by agents
within this cognitive system, such as financial traders. In particular, I will not be interested in
the role that, say, an inexperienced amateur investor might play in the markets, since
although they are clearly participants in this cognitive system, they are not exhibiting the
relevant expertise that the seasoned professionals exhibit. Relatedly, I am also not interested
in another sense of financial expertise that one might have in mind in this context, which is

concerned not with the participants of the financial cognitive system but with those who



study and theorize about it (e.g., economists). While that is genuine financial expertise, it is
one step removed from the cognitive system itself, and hence falls outside the bounds of our

discussion.

2. THE ‘MARKET MIND’

I noted in the last section that there is a theoretical discussion about the cognitive system
involved in the financial markets that characterizes it as a ‘market mind’. So let’s begin by
reflecting on what might be meant by thinking of the financial cognitive system in this way. I
think at least two readings come to the fore (there are no doubt more).

I suspect the reading that most theorists who hear this terminology would think of is
that the market is an emergent, conscious, group mind. The idea would be that although
there are obviously individual subjects engaging in this cognitive system, there is nonetheless
an emergent property that results from these interactions that is irreducible to the minded
activity of the participating subjects.

That’s certainly one possibility, though it is metaphysically quite extravagant. One
would need very good reasons to think that a market mind in this sense was on display in the
financial markets. This leads us to a second reading of the market mind, one that is less
dramatic. Perhaps the market mind refers to a kind of group agency that is reducible (albeit
perhaps in a complex fashion) to the agency of the participating subjects. That is not as
metaphysically extravagant as the first reading, as it doesn’t imply that there is an irreducible
conscious group mind. But it does capture the idea that there might be something quite
interesting that comes into being when financial experts are embedded within the
sociotechnical cognitive system that makes up the financial markets.

) The hard question raised by these two readings is what would be required to
determine whether we should opt for either reading. Since the second reading doesn’t
commit to a strong metaphysical thesis, then it can lay claim to being the default in this
regard. But that doesn’t answer the question of when we should opt for the first reading
over the second; it merely says that if in doubt we should prefer the second reading over the

first. What would it take for a sociotechnical cognitive system like that in play in the financial



markets to manifest an emergent agency that is irreducible to the individual agencies
involved in that cognitive system?

With this question in mind, I want to shift the focus away from the market mind
metaphor for now. My suggestion is that we should simply treat the financial cognitive
system as a sociotechnical cognitive system and then try to determine what kind of
sociotechnical cognitive system it is. This approach has the advantage of not settling in
advance how we should understand this particular sociotechnical cognitive system. Rather,
our strategy is to first offer a taxonomy of different kinds of sociotechnical cognitive systems
and then, second, ask the question of where the specific sociotechnical cognitive system on
display in the financial markets appears within this taxonomy. In this way, we can appeal to
the wider literature on sociotechnical cognitive systems, rather than immediately being drawn

into the specific details of the cognitive system involved in the financial markets.

3. SOCIOTECHNICAL COGNITIVE SYSTEMS

The expertise involved in generating financial market knowledge looks a lot like other cases
of expertise that is embedded within sociotechnical cognitive systems. Consider, for
example, the scientific sociotechnical cognitive networks involved in High Energy Physics,
which have been widely studied.” This involves a complex interchange between a vatied array
of experts with very specific skills, complex technology, temporal and geographical
distribution of the main actors, widespread epistemic dependence on both technology and
the expertise of others (with the rational trust that this implies), and so on.

Financial market expertise exhibits many of these features. It certainly involves
specialization of expertise (a trader might be an expert only within one particular market, for
example). It also involves epistemic dependence on both the expertise of others and
technology. The decision maker in a contemporary financial brokerage will be relying not
just on the expertise of her team, with their very specific skill sets, but also on the technology
that they employ in order to reach their recommendations. There is also often a temporal
and geographic distribution of the main actors (including, even, the technology). If one is

managing an international investment portfolio, then one might be soliciting expertise from



a range of people across the globe, and in the process relying on technology that is also
globally distributed.

Theorists of the financial markets make explicit the extent to which it is a
sociotechnical cognitive system. For example, Donald MacKenzie, one of the leading
sociologists of science and technology who has specialized in examining the financial
markets, has emphasized how such markets constitute complex cognitive systems that
involve high levels of epistemic dependence on both technology and expertise. For example,
MacKenzie (2021) offers a comprehensive account of a particular kind of highly
technological financial activity, known as high-frequency trading, where this epistemic
dependence is quite stark. Essentially, for this trading to generate profits, gaining trading
information even a fraction of a second faster than the rest of the market is crucial. But for
that to occur, one needs to rely on the latest technology and the very best expertise.

Moreover, social scientists who study the financial markets emphasize how the
technological and collaborative nature of the financial cognitive system leads to feedback
loops, just as it does in other sociotechnical cognitive systems. For example, consider how
the particular technological features of a scientific inquiry could lead to the scientists being
either physically co-present as they inquire (e.g., if the inquiry can only be done in a specific
laboratory) or could lead to them being geographically dispersed (e.g., if it is important to the
measurements being taken that the scientists are located at specific places worldwide).

Something similar occurs with financial trading, as MacKenzie here notes:

“[...] trading is not reducible to human action alone: it is a material process that is shaped
strongly by non-human actants such as technologies, whether the latter are as simple as the
octagonal, steppe amphitheatres of Chicago’s traditional trading pits or as complex as the
electronic infrastructures of today’s markets.” (MacKenzie 2019)¢

Take high-frequency trading again. As MacKenzie points out, the need to gain a fraction of a
second on one’s competitors leads these traders to set up shop as close to the source of the
financial information as possible, to maximize their ability to gain this information quickly.
This is not to say that there aren’t differences between the sociotechnical cognitive
systems involved in highly theoretical scientific collaborations and in the kind of financial
trading that we are interested in. Indeed, even within scientific collaborations there are
differences of epistemic culture. Karin Knorr-Cetina (1999), one of the foremost social

science theorists of scientific collaboration, has highlighted how, for example, a biological



laboratory will often have a vertical and localized epistemic culture, in the sense that
everyone in the research team is tied to that particular laboratory and the person who is head
of the laboratory is in charge of the direction of the scientific inquiry. In contrast, other
kinds of scientific collaboration might be more horizontal and distributed (as seems to be
the case with much of the high-profile physics research conducted at the famous CERN
laboratory in Geneva, otherwise known as the European Laboratory for Particle Physics).

Where would we expect to find the financial market cognitive system in this regard?
Well, it is certainly usually distributed rather than local, for the reasons given above. But
there are also grounds for thinking that such a cognitive system is likely to be more vertical
than horizontal due to the corporate nature of the structures involved. There is a lot of
money to be made (or lost), and a lot hangs on financial results. Accordingly, one would
expect there to be a culture in the financial markets that exhibits tighter chains of authority
than one finds in scientific collaborations.

Note, however, that the differences here are ultimately of degree rather than kind. A
lot of money can hang on a series tests run at CERN, for example, and the extra pressure
might lead to a more vertical epistemic culture there as a result. Moreover, as we’ve already
noted, not every kind of collaborative and highly technical scientific inquiry has the same
epistemic culture anyway. What is important for our purposes is rather that the financial
markets exhibit essentially the same kind of features as other well-studied sociotechnical
cognitive systems, even if they may differ from these other sociotechnical cognitive systems
when it comes to the details. Accordingly, we are on strong ground in treating them as a
sociotechnical cognitive system and then determining the specific kind of sociotechnical

cognitive system they exhibit.”

4. EXTENDED COGNITION AND EXTENDED KNOWLEDGE

We can understand sociotechnical cognitive systems through the lens of extended cognition.
Extended cognition occurs when features of the subject’s cognitive environment, such as
technology, become seamlessly integrated into that subject’s on-board cognitive processes to
such a degree that they become a proper part of that cognitive process. In the right

conditions, this is more than just technological assistance with cognitive tasks; it is cognitive



augmentation.® For our purposes, it will be useful to stipulate that by extended cognition we
mean that the technology in question is either information-processing or information-
retaining and that it also plays a pivotal role in the formation of beliefs (as opposed to sub-
doxastic states).”

Think, for example, of how (if you’re as old as I am anyway) you used to have 20-30
phone numbers that you had memorized (friends and family mainly), but that now you off-
load that cognitive task to your iPhone (and also to your iCloud, so that the information is
on all your devices should you need it). Since your iPhone is always with you (and the iCloud
always available), there is no need to rely on one’s biological memory in this way, when one
can instead rely on the non-biological storage that is available. The crux of the matter is that
if one’s use of the iPhone to perform this cognitive task is sufficiently integrated into one’s
cognitive practices—where that means that one’s use of the non-biological ‘memory’
provided by the iPhone is roughly analogous to how one uses one’s biological memory, in
that it is generally seamless, automatic, and so forth—then it counts as an extended cognitive
process. This means that the technology has become a proper part of one’s memorial
cognitive processes, such that this cognitive process no longer includes only one’s on-board,
biological, memory, but also includes the contribution of this technology. Put another way,
one’s memorial cognition now includes exzended cognitive processes that have the technology
as a proper part."”

Once we allow that there can be extended cognitive processes involving technology,
however, then it is but a short step to allowing that there can be extended cognitive
processes involving other agents. For if features of the environment such as technology can
function as proper parts of one’s cognitive processes, then why couldn’t social features of
one’s environment—i.e., other people—also function as proper parts of one’s cognitive
processes? We can thus distinguish between technologically extended cognition and socially
extended cognition.

Examples of socially extended cognition include transactional memorial systems.
Paradigmatically, this concerns couples of long-standing where over time they form a
cognitive system whereby one individual takes on responsibility for some aspects of
memorial cognition and the other individual takes on responsibility for other aspects of
memorial cognition. So perhaps individual 1 is the person who remembers dates (e.g., of

important past and future events, of family and friends’ birthdays, and so on), whereas



individual 2 just devolves this memorial activity to person 1. And perhaps individual 2 has
become the designated person to remember important personal information that is in
common to both individuals (e.g., they remember banking information or information about
pensions), while individual 1 has over time simply devolved this memorial task to individual
2.

The result is that we have an extended cognitive system that is essentially social in
nature. Rather than technology being integrated into one’s cognitive processes, there is
instead the systematic contributions of another agent. Accordingly, just as in cases of
technological cognitive extension where we attribute the cognitive success to the extended
cognitive process that includes the technology as a proper part, so in cases of social cognitive
extension, like transactive memorial systems, we attribute the cognitive success to the
extended cognitive process that includes the other agent. For example, for individual 2 to
remember a notable date, like a birthday, we would consider the interventions of individual 1
to be akin to the technological augmentation that we considered above, whereby they
dependably manifest the information retention that individual 2 employs as a route to
memorial knowledge."

Now that we have the distinction between technological extended cognition and
social extended cognition in place, we can also make sense of sociotechnical extended
cognition, where both technology and other agents are proper parts of the target cognitive
process. Let’s return to our example of scientific collaboration on a highly technical
problem. In such collaborations there is not only an epistemic dependency on technology
but also on the expertise of other members of the team. Moreover, over time this
dependence on technology and expertise can become so seamless and integrated into one’s
cognitive practices that the use of the technology and expertise becomes a proper part of
one’s cognitive processes. In short, they become extended cognitive processes, albeit where
the extension is both technological and social. The result is what we are here calling
sociotechnical extended cognition.

Can extended cognitive processes lead to knowledge in essentially the same way that
non-extended cognitive processes can lead to knowledger Does the contribution of factors
that are external to one’s (biological) cognitive agency (in this case both technological and
social) to one’s cognitive success entail that this cognitive success is thereby not of the right

epistemic pedigree to count as knowledge? I think there are a number of reasons to resist
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this line of thinking, and so regard extended cognitive processes as not being in their nature
epistemically problematic.

To begin with, as I’ve argued elsewhere, it is not essential that one’s cognitive success
should be primarily attributable to one’s cognitive agency in order for cognitive success to
amount to knowledge. Instead, all that is required is that one’s cognitive success is at least
significantly (i.e., non-negligibly) attributable to one’s cognitive agency. This is a modest
form of what is known as virtue epistemology, a version that allows for the possibility that
factors external to one’s agency can also play a significant explanatory role in one’s cognitive
success without thereby precluding it from being knowledge."

This is why, for example, one can come to know something by for the most part
trusting the word of a recognized expert. Cleatly, one’s cognitive success in this scenario is
not primarily due to one’s own cognitive agency, as the expert’s cognitive agency is carrying
a significant explanatory load here too. And yet, since one’s cognitive agency is also bearing a
significant explanatory load—one consulted the recognized expert, remember—then one’s
cognitive success can count as knowledge.

Note that in offering this line of argument we are effectively conceding that in cases
of extended cognition the technology and expertise really is external to one’s own cognitive
agency. But, on the face of it, that is already to concede too much. Think of the scientific
collaborators, where I think we would be very inclined to regard their sociotechnical
extended cognitive successes as instances of knowledge. It is not as if in such cases the
scientists are blindly employing the technology and expertise that they depend on. Rather,
they have over time integrated this technology and expertise into their cognitive processes.
Moreover, that this integration has taken place will reflect the fact that they regard these
factors as good routes to the truth.

A better way to think about this issue is thus that this transition to sociotechnical
extended cognitive processes are manifestations of cognitive agency. Indeed, isn’t this the
very spirit of extended cognition? Put another way, rather than the ‘real’ cognitive agent
being the ‘on-board’ biological cognitive processes, we should instead take seriously that
extended cognitive agency is a kind of cognitive agency on a par with biological cognitive
agency.

If that’s right, then we don’t even need to concede that extended cognition entails

that one’s cognitive success will tend to be less attributable to one’s cognitive agency than in
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parallel cases involving non-extended cognition. Instead, we should expand the scope of
virtue epistemology—call this extended virtue epistemology—so that it allows that one’s cognitive
agency can be understood so that it can include extended cognitive processes."” Yes, we can
distinguish between extended knowledge and regular knowledge, but that distinction simply
reflects the etiology of the cognitive success in question and doesn’t signal that the former is
any less legitimate than the latter.

With the category of sociotechnical extended knowledge on the table, we can now
make a distinction that will be very useful for our purposes. Recall that in order for a
cognitive process to become extended it needs to meet certain criteria—not any use of
technology or, say, expertise is thereby an extended cognitive process. We have noted, for
example, that the external factor needs to be properly integrated within the cognitive
processes over time, such that it starts to exhibit the same kind of features as the
corresponding on-board cognitive processes (it is employed seamlessly, automatically, and so
on).

With this point in mind, we can draw a distinction between merely sociotechnical
facilitated knowledge and sociotechnical exzended knowledge. The latter will meet the criteria
for sociotechnical extended knowledge while the former will not. In particular, the former
will involve the subject using technology and the testimony of other agents as simply
instruments that their cognitive agency employs to get to the truth. In this sense, the
contribution of the technology/other agents will be external to the subject’s own cognitive
agency and merely resources for that agency. In contrast, when it comes to genuine cases of
sociotechnical extended knowledge, this will involve the subject utilizing the technology and
other people’s cognitive agency in ways that are fully integrated into their cognitive processes
such that it counts as a proper part of those processes, and hence manifests their extended
cognitive agency.

We are also now in a position to introduce a third, even more demanding, tier of
sociotechnical cognition. This is sociotechnical distributed cognition. This occurs when the
sociotechnical cognitive system produces epistemic outputs, like knowledge, that are not
individual at all, but rather distributed across the cognitive system as a whole. Take our
collaborative scientific team, for example. Could it be that the level of integrated
collaboration on display here is such that there are epistemic outputs that are not attributable

to any specific member of the team, but rather attributable to the team as a whole? For
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example, that there is scientific knowledge that is arising from their collaborations that is not
attributable to any individual within that team but which are attributable to the cognitive
system itself? If so, then this would be a case of sociotechnical distributed cognition leading
to sociotechnical distributed knowledge.

Whether there are any genuine cases of sociotechnical distributed cognition, as just
described anyway, is controversial.'* It’s certainly true that we often attribute knowledge to a
group when there are tight-knit collaborations in play, particularly ones involving high levels
of expertise. But usually we would also attribute that knowledge to individuals within the
group too, so that wouldn’t qualify as sociotechnical distributed cognition as we just defined
it. Moteover, if we discovered that no-one within a collaborative scientific team had
knowledge of the target claim, then that would prompt us to doubt whether the team as a
whole could possibly know that claim.

It can be tempting to run sociotechnical extended knowledge and sociotechnical
distributed knowledge together, as if they were one and the same. Both involve a kind of
social cognition, after all. But the difference between the two is significant. Sociotechnical
extended knowledge is still individual knowledge, after all, unlike sociotechnical distributed
knowledge, which is by its nature group knowledge that isn’t manifested in the individuals in
that group. Once we recognize this distinction, it becomes hard to understand how scientific
research teams could be interpreted in terms of sociotechnical distributed knowledge as
opposed to sociotechnical extended knowledge.

As previously noted, we are usually only happy to attribute knowledge to a scientific
team when we also believe that individual members of that team have that knowledge. That
goes against the idea of sociotechnical distributed knowledge. There is also another reason
for thinking that scientific collaborations are at most sociotechnical extended cognitive
systems. This is that it is part of good scientific practice that one keeps track of who is
responsible for what in terms of the epistemic outputs. Interestingly, we see this
conspicuously in action when it comes to scientific malpractice, as when a particular
researcher in a research team fakes results. The other researchers are usually able to chronicle
their own contributions to the research endeavor in quite detailed ways in order to show that
they are blameless in this scientific malpractice, despite the fact that their name is now
associated with research results that are now problematic. The fact that this is possible shows

how the attribution relations in collaborative scientific endeavors are primarily at the



13

individual rather than the group level, at least in the sense that the latter can be reduced to
the former if required. That indicates that collaborative scientific teams are not
sociotechnical distributed cognitive systems but, at most, sociotechnical extended cognitive
systems. (Relatedly, what they produce is at most sociotechnical extended knowledge and

not sociotechnical distributed knowledge)."

5. UNDERSTANDING MARKET EXPERTISE

We are now in a position to understand the canonical kind of market expertise that interests
us. We have already listed the parallels between highly theoretical scientific collaborations
and the cognitive system in play in market expertise. As we noted, both involve a high level
of epistemic dependence on both technology and other peoples’ expertise. That ensures that
these are sociotechnical cognitive systems.

Moreover, this epistemic dependence on technology and expertise is often deeply
integrated within both cognitive systems, so that it employed seamlessly. When this occurs, it
is plausible that these are not just sociotechnical cognitive systems, but are also, more
specifically, exzended sociotechnical cognitive systems. This means that the knowledge that
they produce is extended knowledge.

We have argued, however, that extended knowledge is, at least typically anyway,
individual knowledge—i.e., knowledge that is properly attributable to individual agents
within that cognitive system. In particular, we have drawn a distinction between
sociotechnical extended cognitive systems and sociotechnical distributed cognitive systems.
It is only in the latter that knowledge (or some other positive epistemic output) is produced
that is properly attributable to the cognitive whole and not to any of the individual agents
who are part of that cognitive whole.

Furthermore, we have argued that when it comes to scientific collaborations, it is not
credible to suppose that these are sociotechnical distributed cognitive systems. The reason is
that it is built into the proper functioning of such scientific collaborations that they track
individual attribution relations. It is only by doing so that one can ensure the reliability of
such collaborative inquiries. When these inquiries are properly conducted, the individual

attribution relations may not be made explicit. But we can see from when inquiries are not
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properly conducted, and epistemic blame is appropriate, that these individual attribution
relations have been tracked all along.

What goes here for scientific collaboration applies with even more force to the kind
of sociotechnical cognitive system involved in the financial markets. The reason for this is
that there is even more need to track individual attribution relations when it comes to this
cognitive system. We can distinguish at least two crucial factors in this regard.

The first returns us to a point that we made earlier: the financial stakes are higher. If
there is error, then large sums of money may be lost. Moreover, even where money is made
rather than lost, the attribution relations become especially important if one is aiming to
make a case for one’s own share of these profits (whether directly via commissions, or
indirectly via pay raises or bonuses).'® Relatedly, while the professionals operating in the
financial markets are also, like scientists in a research team, collaborating with other experts
in their field, they will likely be more inclined to regard themselves, and their cognitive
contribution to the cognitive outcome, in individualistic terms, at least when compared with
a scientific collaboration.

The second is that the legal stakes are also higher. If one messes up a scientific
collaboration due to incompetence or, worse, deception (faking evidence, say), then one is
unlikely to face any legal consequences, only consequences for one’s career. In contrast,
incompetence or, worse, deception when operating in the financial markets could lead to
both civil and criminal prosecution. It is thus imperative that records are kept that track the
individual contributions of each party (and the associated technology) to each financial
transaction.

The upshot is that there is even more reason to be skeptical of thinking of the
cognitive system involved in the financial markets in distributed sociotechnical terms, as

opposed to merely as an extended sociotechnical system.

6. CONCLUDING REMARKS:
THE MARKET MIND, REDUX

So whither now the ‘market mind’? Let’s review our conclusions. We have distinguished

between three levels of sociotechnical cognition and the social knowledge that results. The
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first level is sociotechnical facilitated cognition. This results in sociotechnical knowledge that
is both individual in nature and non-extended. The second level is sociotechnical extended
cognition. This results in sociotechnical extended knowledge. We have seen that there are
good grounds to think that the sociotechnical cognitive system involved in manifestations of
financial expertise tends to conform to this second level.

We have also noted a third level of sociotechnical cognition. This is sociotechnical
distributed cognition. This is where the cognition is at the level of the cognitive whole and
not manifested by any of the individual agents who are part of this cognitive system. This
means that while the cognitive system exhibits positive epistemic outputs, like knowledge,
these are not manifested by the individual agents who are part of this cognitive system.

We have argued that not only is sociotechnical distributed cognition a bad way of
understanding scientific collaboration, but it is also an even worse way of understanding the
kind of epistemic dependence on technology and expertise involved in the financial markets.
The distinctive nature of financial trading means that the considerations that make us
skeptical of thinking of scientific collaborations along distributed cognition lines are even
more stark when it comes to the kinds of collaborations involved in the financial cognitive
system.

So where does that leave us with the idea of the ‘market mind’? I don’t think that it
means that we should reject it entirely, but it does entail that we should be wary about taking
it too literally. If the idea of the financial markets in terms of sociotechnical distributed
cognition is not credible, then there cannot be an emergent mind at work within this
cognitive system, as the former would surely be a pre-requisite for the latter. Nonetheless,
that doesn’t mean that there isn’t some truth to the idea of a market mind. After all, we have
seen that it is plausible to regard the cognitive system at issue in the financial markets as a
form of sociotechnical extended cognition. This type of cognitive system generates
sociotechnical extended knowledge, and that’s at least one way—if not the most immediate
way—in which we might think that the financial markets involve a market mind. At the very
least, it captures the thought that the financial markets are more than just cognitive agents
acting individually within contexts that are highly reliant on technology and expertise, but are
rather cognitive systems where the technology and expertise become proper parts of those

cognitive agents’ cognitive processes.17
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NOTES

I For example, the University of Edinburgh’s ‘Edinburgh Futures Institute” hosts a project that is explicitly devoted to
exploring the market mind hypothesis:

Q https://www.marketmind.or

There have also been international conferences devoted to this hypothesis. (Indeed, an eatlier version of this paper was
presented at one such conference in Edinburgh in May 2022). For a recent book-length defence of this hypothesis, see
Schotanus (2023).

2 See, especially, Pritchard (2022), where I apply this three-tiered approach to understanding certain kinds of highly
theoretical scientific collaborations. See also Pritchard (2025).

3 'The locus classicus with regard to the extended cognition program is Clark ¢ Chalmers (1998). Note, however, that the
overarching aim of Clark ¢ Chalmers (1998) is not just to argue that cognitive processes can be extended in the relevant
sense, but also that it follows that the mind can also, therefore, be similarly extended (which is why they refer to their
proposal as the extended mind thesis). For our purposes, I think we can set to one side whether the mind is extended in
the way that Clark and Chalmers propose, and focus our attention on whether cognitive processes can be extended. At
the very least, the latter is a plausible precondition for the former, so it makes sense to target our attention on this claim.
For a useful discussion of this contrast, and its theoretical import, see Sprevak (2019). For some other key works on
extended cognition/mind, see Wheeler (2005), Clatk (2008; 2010), and Menary (2010).

* For further discussion of the epistemological ramifications of extended cognition, and thus of the idea of extended
epistemology, see Pritchard (2010; 20184; 20184), Palermos (2011; 20144), Carter (2013), Wikforss (2014), Clark (2015),
and Jarvis (2015). See also Carter, Kallestrup, Palermos & Pritchard (2014) and the papers collected in Carter,
Kallestrup, Palermos & Pritchard (2014) and in Carter, Clark, Kallestrup, Palermos & Pritchard (20184; 20185).

5 'The locus classicus with regard to the contemporary discussion of this topic is, of course, Knorr-Cetina (1999).

¢ In this quotation, MacKenzie is specifically discussing private ‘dark pool’ electronic shate trading systems. This is a
market where one can trade securities without having to route orders through a public stock exchange. Moreover,
MacKenzie’s focus in this quotation is on actor-network economic sociology, though he is trying to bring together
Latour-style work in this vein with Bourdieu’s ‘field theory’. See Latour (1999) and Bourdieu (2005).

7 Interestingly, Knorr Cetina has herself discussed the relationship between highly theoretical and collaborative scientific
cognitive systems to the sociotechnical cognitive system involved in the financial markets. See, for example, Knorr
Cetina & Brugger (2002). See also Knorr Cetina & Preda (2004).

8 For further discussion of the epistemology of cognitive enhancement in the context of the extended cognition
program, see Carter & Pritchard (2019).

° Both constraints are important. The first is important because there is a variety of extended cognition where the
extended cognitive processes do not employ information-processing features of the environment. This is known as
embodied cognition—see Noé (2004), Gallagher (2005), Chemero (2009), Rowlands (2009), and Shapiro (2011). Think, for
example, of how using a walking stick might become integrated into one’s way of life. The walking stick has now
become part of one’s way of being, but it is not doing any information-processing for you. Note that this is not to claim
that embodied cognition is irrelevant to one’s cognitive processes. For example, there is lots of evidence that certain
kinds of cognition are improved if one can freely employ one’s hands. For discussion, see Clark (2013), Wheeler (2013),
and Pauw ez a/ (2014). The second constraint is important because one can also envisage an extended cognition program
that applies at the sub-personal level, and so extends beyond beliefs to sub-doxastic states. I take it that this is what Clark
is describing in his important work on predictive coding—see Clark (20154; 2023). See also Clark (20154), where he
explicitly makes the case for an epistemology of extended cognition at the sub-personal level. See also Carter & Rupert
(2020).

10" Naturally, the extended cognition thesis has its detractors. For some of the key recent literature that critiques
extended cognition, see Adams & Aizawa (2001; 2008), Rupert (2004; 2009), and Sprevak (2009). There is also a lively
debate within the extended cognition literature regarding just what is required to ensure that the target technology has
been sufficiently integrated into the cognitive process to count as a proper part of that cognitive process. See Palermos
(20144, 2014b) and Alfano & Skorburg (2016). Notice that the technology being integrated into the cognitive system
need not be external to the brain and nervous system of the subject. So-called neuromedia, for example, which is inserted
into the brain, would count as an extended cognitive process (even though there is a sense in which it is ‘internal’ to the
brain of the subject). For further discussion of neuromedia, see Lynch (2014) and Pritchard (2018).

11 T discuss such transactional memorial systems as socially extended cognitive systems in Pritchard (2025). For some
important discussions of transactional memory systems in the context of group and extended cognition, see Wegner e a/
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(1985), Wegner (1986), Sutton (2008), Sutton ez @/ (2008), Huebner (2016), Michaelian & Sutton (2018), Michaelian &
Arango-Mufioz (2018), and Palermos (2020).

12 T’ve argued for this modest version of virtue epistemology in a number of places, but see, especially, Pritchard,
Haddock & Millar (2010, ch. 3) and Pritchard (2012). For some of the key defences of a stronger ‘robust’ version of
virtue epistemology whereby knowledge involves cognitive success that is primarily attributable to one’s cognitive
agency, see Sosa (1991; 2007; 2009; 2015), Zagzebski (1995), and Greco (2010).

13 For more details about what an extended virtue epistemology might look like, see Pritchard (2018%). Even though
virtue epistemology can accommodate extended cognitive processes, it is undoubtedly the case that many contemporary
epistemologists implicitly suppose that all cognition (of a kind that’s relevant to knowledge at any rate) is unextended.
Sometimes this commitment is made explicit—see, for example, Goldman (1986, 51).

14 For some helpful discussions of the core issues regarding group knowledge, see Gilbert (2004), Tuomela (2004), Bird
(2017; 2019), Tollefsen (2019), and Lackey (2021).

15 T expand on this point about how best to understand scientific collaborative teams in Pritchard (2022). Ironically, the
point I make in this regard is very similar to that made by Wray (2018) in his crizigue of thinking of scientific research
teams as involving extended cognition. As I point out, Wray’s mistake is to fail to recognize that extended knowledge is
still individual knowledge (which means that his critique is only actually effective against distributed scientific
cognition/knowledge).

16 Of course, there are some rare cases—like the kinds of experiments conducted at CERN that involve multinational
funding agencies and years of planning—where the financial stakes are huge. But these are not typical for scientific
collaborations in the way that they are when it comes to those professionals operating in the financial markets. Note too
that financial traders are typically directly financially rewarded for their successful trades with commissions and bonuses.
In contrast, this is rare in the case of scientific collaboration (though it does sometimes occur in private sector scientific
research).

17 An eatlier version of this paper was presented at the ‘Market Mind Hypothesis® international conference held in
Edinburgh in May 2022. A subsequent version of the paper was presented in April 2024 as part of the “Webinars on
Digital Economy and Artificial Systems’ series, hosted by IDEAS (‘Institute for Digital Economy and Artificial
Systems’), which is co-run by Moscow State University and Xiamen University. I am grateful to the audiences on both
occasions for their feedback and, especially, the organisers of these events, which were, respectively, Patrick Schotanus
and Mirko Farina. Thanks also to an anonymous reviewer for detailed comments on an earlier version of this paper.





