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Abstract
Psychological-epistemic accounts take scientific progress to consist in the development of
some psychological-epistemic attitude. Disagreements over what the relevant attitude is –
true belief, knowledge, or understanding – divide proponents of the semantic, epistemic,
and noetic accounts of scientific progress, respectively. Proponents of all such accounts
face a common challenge. On the face of it, only individuals have psychological attitudes.
However, as I argue in what follows, increases in individual true belief, knowledge, and
understanding are neither necessary nor sufficient for scientific progress. Rather than
being fatal to the semantic, epistemic, and noetic accounts, this objection shows that
these accounts are most plausible when they take the psychological states relevant to sci-
entific progress to be states of communities, rather than individuals. I draw on recent work
in social epistemology to develop two ways in which communities can be the bearers of
irreducible psychological-epistemic states. Each way yields a strategy by which proponents
of one of the psychological-epistemic accounts might attempt to account for the social
dimensions of scientific progress. While I present serious reasons for concern about the
first strategy, I argue that the second strategy, at least, offers a promising path forward
for a psychological-epistemic account of scientific progress.
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Introduction

Several prominent accounts of scientific progress take such progress to consist in the devel-
opment of some psychological-epistemic attitude. Disagreements over what the relevant
attitude is – true belief, knowledge, or understanding – divide proponents of the semantic,
epistemic, and noetic accounts of scientific progress, respectively. These accounts face a com-
mon challenge. On the face of it, only individuals have psychological attitudes. However, as
I argue in what follows, increases in individual true belief, knowledge, and understanding
are neither necessary nor sufficient for scientific progress. Consequently, the semantic, epi-
stemic, and noetic accounts are, it seems, inadequate accounts of scientific progress.

This objection is not by itself fatal to the semantic, epistemic, and noetic accounts,
but illustrates that, even if scientific progress consists in the development of some
psychological-epistemic attitude, it does not consist in the development of that attitude
by individuals. The semantic, epistemic, and noetic accounts are most plausible when
they take the psychological states relevant to scientific progress to be states of commu-
nities, rather than individuals, or so I argue.
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One might think that, if the individualist variants of the semantic, epistemic, and
noetic accounts are unsuccessful, then no version of these accounts can succeed. This
pessimistic conclusion will likely be attractive to many readers due to the widely held
view that individuals, and only individuals, are the subjects of psychological states.
However, in the second half of this paper, I draw on recent work in social epistemology
to develop two strategies by which proponents of one of the psychological-epistemic
accounts might attempt to account for the social dimensions of scientific progress.
While I present serious reasons for concern about the first strategy, I argue that the
second strategy, at least, offers a promising path forward for a psychological-epistemic
account of scientific progress. In the final substantive section of this paper, I address
two objections to the collective accounts of scientific progress defended here. The
first objection alleges that, in light of a recent proposal by Ross (2020) according to
which the progress of intellectual communities is due to epistemic improvements of
the communities themselves, including the formation of various interrogative attitudes
associated with intermediate stages of inquiry, the collective approaches defended here
are too restrictive. The second proposal alleges that the ascription of epistemic attitudes
not possessed by individual group members to groups themselves is implausible. I argue
that neither objection threatens the collective accounts of scientific progress defended
here.

1. Psychological-epistemic accounts of scientific progress

Let us begin by drawing a distinction between two competing groups of accounts of sci-
entific progress. One group takes scientific progress to consist in the formation of
psychological-epistemic attitudes, including true belief, knowledge, and understanding.
Call these psychological-epistemic (PE) accounts of scientific progress. The
non-psychological-epistemic (Non-PE) accounts do not take scientific progress to consist
in the formation of psychological-epistemic attitudes. In this section, I review the most
prominent accounts of scientific progress now on offer, sorting each of these into either
the PE or Non-PE category. As we will see, some accounts resist straightforward clas-
sification. Ultimately, our focus will be on PE accounts of scientific progress.

Before beginning our survey, it is worth recognizing that science might progress, in
the relevant sense, in multiple ways (Rowbottom 2015; Niiniluoto 2019). While the
accounts discussed in this section mostly take scientific progress to consist either in
the formation of some particular psychological-epistemic state, or some increased capacity,
one might alternatively take satisfaction of a disjunction of some of the condition(s)
discussed here, or some further conditions, to be sufficient. The apparent problem I ultim-
ately raise for PE accounts of scientific progress will apply to any account that gives place
to the formation of psychological-epistemic attitudes, whether this is treated as necessary
or merely sufficient for scientific progress.

According to a first account, science aims to get at the truth and science progresses
just when this aim is achieved. This semantic account of scientific progress is typically
ascribed to Popper (1963, 1972) and has been developed more recently by Niiniluoto
(1984, 1987, 2014, 2017). Because it is widely recognized that the history of science,
at least until recently, is a history of strictly speaking false theories being replaced by
further false theories, the semantic account is most plausible when understood as the
thesis that scientific progress consists in the approximation, rather than the attainment,
of truth.

The apparent simplicity of the semantic account disguises a lack of specificity that is
reflected in discussions by its proponents and critics. In his defense of the semantic
account, Popper denies that scientific progress requires novel true beliefs by members
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of the scientific community (1972). Instead, scientific progress for Popper consists in
the development of the ‘third world’ of objective knowledge.1 This third world is popu-
lated by the contents of journals, books, and libraries. These contents include entities
such as theoretical systems and arguments, but also states of debates (1972: 107).
Crucially, Popper maintains that while the third world of objective knowledge is con-
structed by humans, the contents of that world need not be matched by knowledge
at the individual level (1972: 109). Whereas Popper’s semantic account centers on
the attainment of truth, independent of belief, Alexander Bird’s influential critiques
of the semantic account are directed at the thesis, endorsed by Niiniluoto, that scientific
progress is realized through the formation of new true scientific beliefs (Bird 2007). The
distinct interpretations to which the semantic account is subject help illustrate the dis-
tinction between the PE and Non-PE accounts of scientific progress at the center of this
essay. On Popper’s version of the semantic account, it is a Non-PE account. Bird, how-
ever, critiques a PE version of the semantic account. The semantic account thus strad-
dles the distinction between PE and Non-PE accounts of scientific progress. Because our
focus is on the plausibility of PE accounts, I focus here on the version of the semantic
account critiqued by Bird. Subsequent references to the semantic account should be
understood as concerning that version of the account specifically.

Bird’s (2007, 2008) preferred account of scientific progress takes such progress to
consist in increases in scientific knowledge, rather than mere true belief. Because knowl-
edge implies true belief, but not vice versa, this epistemic account locates scientific pro-
gress in a subset of the episodes that the semantic account treats as progressive. Bird
motivates the epistemic account by pointing to cases in which a new true scientific
belief is formed but the belief either lacks justification or is tainted by epistemic luck,
and thus fails to constitute knowledge.2 Such episodes fail to constitute scientific pro-
gress, or so Bird contends. Consequently, the semantic account is an excessively permis-
sive account of scientific progress.

Here it is worth making two points related to the semantic and epistemic accounts.
First, there is logical space for an account of scientific progress more demanding than
the semantic account but less demanding than the epistemic account. Such an account
might take scientific progress to consist in the formation of justified true beliefs, regard-
less of whether such beliefs constitute knowledge. I raise this point to better highlight
the range of views that will ultimately be subject to the prima facie challenge developed
below. Second, the epistemic account, like the relevant form of the semantic account, is
subject to this challenge because it is a PE account of scientific progress.

Dellsén (2016, 2018a, 2018b) proposes the noetic account as an alternative to both
the semantic and epistemic accounts. On the noetic account, scientific progress is
achieved through increases in understanding. This description of the noetic account
leaves its details open, as there is considerable disagreement among philosophers as
to the nature of understanding. Much of this disagreement centers on whether

1That Popper uses the term ‘knowledge’ to describe the contents of his third world should not lead one
to suppose that Popper’s account is a version of the epistemic account. For one thing, Popper takes objective
knowledge to be an entirely distinct phenomenon to that with which epistemologists have traditionally been
occupied (1972: 108).

2In a recent paper, Bird (2019) argues that the constitutive aim of science is knowledge. This view, com-
bined with the assumption that an institution progresses just when it advances one of its constitutive aims,
might be thought to lend additional support for the epistemic account. Indeed, Bird elsewhere suggests
such a line of argument (2007: 111). Bird instead uses the epistemic account, combined with this assump-
tion, to argue for knowledge as the constitutive aim of science (2019: 175–6). Because I am not concerned
here with favoring any particular PE account of scientific progress, I will not consider either line of argu-
ment at length here.
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understanding is a species of knowledge.3 Dellsén (2017) denies that understanding
requires belief or justification and, a fortiori, that understanding is or requires knowl-
edge. Dellsén takes understanding to require at least a partial grasp of ‘how to correctly
explain and predict aspects of a given target’ (2016: 74) and follows Grimm in identi-
fying grasping as ‘an ability not just to register how things are, but also an ability to
anticipate how certain elements of the system would behave, were other elements dif-
ferent’ (Grimm 2011a: 89). Most importantly for present purposes, Dellsén identifies
this ability as a psychological property (2016: 75). Elsewhere, against the view that
understanding requires belief, Dellsén suggests that grasping can be achieved through
acceptance, rather than belief (2017: 248). Dellsén is again explicit that acceptance is
a psychological state (2017: fn. 16). So understood, the noetic account is a PE account.

I turn now briefly to two accounts of scientific progress that are naturally understood
as Non-PE accounts. On the problem-solving account, typically associated with anti-
realism in philosophy of science, scientific progress occurs to the extent that later the-
ories solve more problems than their predecessors. The problem-solving account has
prominent defenders, including Kuhn (1970, 1977) and Laudan (1977, 1981). On
Laudan’s approach, the problems that theories confront may either be internal to theory
or may concern unexplained apparent phenomena (1981: 146). To the extent that later
theories solve more problems than earlier theories – leaving fewer apparent phenomena
unexplained and enjoying a greater degree of internal consistency and compatibility
with the theory and practice of science more generally – science progresses.

On the face of it, the problem-solving account is a Non-PE account. Progress is
made, or not, from one body of scientific theories to another, and the account makes
no overt reference to psychological-epistemic attitudes toward theories. Still, it would
be premature to conclude that the problem-solving account gives no place to
psychological-epistemic attitudes. Consider how Laudan summarizes the central claims
of the account:

The aim of science is to secure theories with a high problem-solving effectiveness.
From this perspective, science progresses just in case successive theories solve more
problems than their predecessors. (Laudan 1981: 145, emphasis in original)

The problem-solving account is a Non-PE account only if the notion of securing the-
ories can be understood without reference to psychological-epistemic attitudes. Some
proponents of the problem-solving account would likely take the formulation of pro-
blems and the capacity to solve problems to involve some sort of psychological-
epistemic relation.4 However, it is at least in principle possible that the problem-solving
account might be specified to require the mere formulation or representation of a theory
with relatively great problem-solving power, without requiring that any psychological-
epistemic attitude be taken toward that theory. Given the latter possibility, the account
at least potentially avoids the line of objection to be raised below.

To conclude this section, consider a final account of scientific progress drawn from
work by Mizrahi (2013) and Douglas (2014). Mizrahi points to case studies from the
history of science to motivate a revision to the epistemic account on which scientific
progress can be realized not only through increases in propositional knowledge, but
also through increases in knowledge-how. Similarly, Douglas suggests an account of sci-
entific progress on which scientific progress consists in “the increased capacity to

3For the claim that understanding is a species of knowledge, see, for some examples, Lipton (2004) and
Grimm (2006). For the denial of this claim, see Zagzebski (2001) and Kvanvig (2003).

4Thanks to an anonymous reviewer for raising this point.
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predict, control, manipulate, and intervene in various contexts” (2014: 62). What is
common to the accounts offered by Mizrahi and Douglas is the suggestion that scien-
tific progress consists not strictly in increases in true belief or knowledge, but in
increased knowledge-how. Call any account on which increases in scientific knowledge-
how5 are constitutive of scientific progress a pragmatic account.6 Pragmatic accounts
thus include all accounts that take increases in scientific knowledge-how to be sufficient
for scientific progress, regardless of whether these accounts take such increases to also
be necessary for scientific progress. Strictly speaking, then, some pragmatic accounts
may straightforwardly face the same challenges as PE accounts, insofar as they may
explicitly allow that the development of PE attitudes, in addition to the development
of scientific knowledge-how, is constitutive of scientific progress7. However, because
there might in principle be a pragmatic account that takes scientific progress to consist
solely in the development of scientific knowledge-how, it is worth asking whether such
an account would be a PE account.

The extent to which the pragmatic account differs from the epistemic account of sci-
entific progress depends on whether knowledge-how is a form of propositional knowledge,
an issue that has been hotly disputed in the past two decades. Stanley and Williamson
(2001) provide a prominent defense of the claim that knowledge-how is a species of prop-
ositional knowledge. Even on Stanley and Williamson’s propositional intellectualist
account, knowledge-how is understood as a special kind of propositional knowledge –
propositional knowledge under a practical mode of presentation. Thus, even if propos-
itional intellectualism is true, an account of scientific progress on which knowledge-how
is constitutive of scientific progress would depart from the epistemic account.

Some alternative accounts of knowledge-how treat knowledge-how as an ability that
can be had independently of propositional knowledge (Hawley 2003; Noë 2005). On
these alternative accounts, coupled with the pragmatic account, scientific progress
can be achieved through increases in abilities, without requiring additional propos-
itional knowledge. For present purposes, the relevant point is that pragmatic accounts
may or may not be PE accounts, depending on how knowledge-how is understood.

In this section, we have reviewed six accounts of scientific progress, including two
distinct versions of the semantic account. Three of these accounts – the epistemic
account, the noetic account, and one version of the semantic account – are straightfor-
wardly PE accounts of scientific progress. We have also seen that at least some versions
of the problem-solving account and pragmatic accounts of scientific progress may be
understood as taking scientific progress to consist in the formation of
psychological-epistemic attitudes. I now develop a prima facie challenge to every
account of scientific progress that appeals to such attitudes. Because only the semantic,
epistemic, and noetic accounts explicitly appeal to such attitudes, I focus the objection,
as well as the discussion of possible defenses against the objection, on these accounts.

2. Scientific progress, collectives, and communities

In this section and the next I develop a challenge against PE accounts of scientific pro-
gress. The essence of the challenge is that, on the face of things, there is no suitable sub-
ject of the attitudes that PE take to be constitutive of scientific progress. This is because,

5Because the issue of what counts as scientific knowledge-how is tangential to the focus of the present
paper, I will not attempt to provide an account of such knowledge-how here. Instead, I take for granted that
at least some knowledge-how is plainly scientific know-how.

6For an earlier pragmatic account that emphasizes the role of instruments in increasing scientific
knowledge-how see Baird and Faust (1990).

7Thanks to an anonymous reviewer for pressing me on this point.
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at least according to philosophical orthodoxy, the only potential subjects of psycho-
logical attitudes are biological individuals, and the formation of individual true beliefs,
knowledge, and understanding are neither generally necessary nor generally sufficient
for scientific progress. Ultimately, I argue that the failure of individualist versions of
the PE accounts of scientific progress suggests that, if any PE account succeeds, it
will be one on which scientific progress is realized through epistemic improvements
to the psychological states of communities, rather than individuals. This approach is
not entirely novel, and a similar proposal has been defended by Ross. I consider
Ross’s proposal at greater length in section 6. I begin to defend the collective approach
by distinguishing two questions related to scientific progress.8 One question concerns
the subject or subjects of scientific progress – that is, the entity that undergoes scientific
progress. A second question concerns what entity or entities’ properties are constitutive
of scientific progress. While the answer to the former question does not settle the latter,
the answer will, I suggest, constrain plausible answers to the latter question. I provide a
preliminary answer to the former question in this section, and begin to address the
second question in section 3.

To start, we may ask why we should regard scientific progress as being undergone by
a particular entity or entities at all. Could scientific progress occur, without being
undergone by any particular entity? This seems unlikely. The concept of progress in
at least some areas – moral, technological, intellectual, and so on – typically presup-
poses a subject. In some cases, this subject is an individual. In other cases, the subject
is some collective or institution. In the absence of clear examples of progress without a
subject, it is reasonable to suppose that scientific progress, like other forms of progress,
is undergone by some entity. Moreover, even if we could understand some depersona-
lized sense of scientific progress, this is not the sense of progress with which philoso-
phers working on this issue are typically concerned. The point is typically not made
explicit, but is apparent in, for instance, Rowbottom’s (2010) thought experiments
involving different levels of scientific progress achieved on different planets. Implicit
in such thought experiments is the assumption that scientific progress is localized. A
depersonalized sense of scientific progress cannot capture this plausible assumption.

A second possibility is that scientific progress is undergone by entities that are con-
structed by, but entirely distinct from human individuals. This possibility is suggested
by the following analogy from Popper. Popper thinks of science as being constructed
through human activity, but with an existence independent of that of its human crea-
tors, in the same way that a spider’s web or a bird’s nest exists independently of its ani-
mal creator (1972: 112). Perhaps a better analogy is a beaver dam, which might grow
and develop over generations of animals. We might think of a beaver dam as undergo-
ing progress to the extent that it grows over time. Similarly, we might think of science as
progressing to the extent that some product, created by but existing independently of
human individuals, expands. For example, we might think that science progresses
through the accumulation of scientific facts, as represented in journal articles, books,

8Ross distinguishes between a question concerning the explanandum of accounts of progress and a ques-
tion concerning the subjects that should be focused upon in accounts of progress (2020: 3–4). The second
question I address, and Ross’s second question, are similar except for my narrow focus on scientific pro-
gress. Our first questions differ in an additional important way, however. Ross argues briefly that the
explanandum of accounts of progress is “the success or otherwise of some multi-agent endeavour”
(2020: 3). This answer does not yet answer the question of what entity undergoes progress, however. As
we will see in what follows, it is possible that scientific progress is a collective endeavor within which pro-
gress is undergone by some product produced by, but entirely distinct from, human individuals.
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and other products produced by, but existing independent of, human individuals. The
entity that undergoes scientific progress, then, is this body of products.

In the present context, the preceding suggestion faces significant objections. First,
the suggested account is at most a PE account of scientific progress in name only.
While Popper thinks that the accumulation of objective knowledge does in fact proceed
in this way, it is clear that objective knowledge is not a recognizable variant of what phi-
losophers typically think of as knowledge. Knowledge, on the standard view, is or at
least requires a mental state and it is plain that objective knowledge neither is nor
requires a mental state. The suggested account is thus, despite superficial appearances,
not a version of the epistemic account. Nor is it any other kind of PE account. To the
extent that one finds the suggested account plausible, one might conclude that the
search for a plausible PE account is simply a mistake and perhaps that some version
of Popper’s non-PE semantic account is preferable. My principal aim here is to present
a challenge for existing PE accounts and to propose an alternative, and so I will not offer
a thorough assessment of this response. However, there is reason to deny that the entity
that undergoes scientific progress is some mass of journal articles, books, and so on.
After all, the suggestion that the entity that undergoes scientific progress is some entity
that is the product of human agency, but exists entirely independent of human persons,
runs counter to the plausible constraint that scientific progress is undergone, in one way
or another, by humans. Let us consider some alternative accounts that respect this
constraint.

Supposing scientific progress is a property of some human entity, a first possibility is
that scientific progress is progress of individuals. However, this view cannot account for
the widely accepted claim that scientific progress has occurred throughout history, and
through generations of scientists. While individuals make scientific progress, they do
not themselves undergo scientific progress. In other words, even if one thinks individual
actions and attitudes produce scientific progress, it seems that individuals are not the
subjects of scientific progress. If scientific progress is undergone by some entity or
entities, but not by individuals, the only initially plausible remaining option is that sci-
entific progress is undergone by collectives. Notably, the view that scientific progress is
undergone by collectives of some sort could capture the intuitive assumption under-
lying Rowbottom’s thought experiments.

Even supposing that scientific progress is undergone by collectives, there remains
considerable uncertainty regarding what sorts of collectives undergo scientific progress.
Consider some possible candidates. This list includes research teams, communities of
scientists working in specific subfields, the scientific community more generally, geo-
political communities, and humanity itself. Which of these entities can undergo scien-
tific progress? We need not assume from the outset that there is just one answer to the
question. In fact, scientific progress can felicitously be ascribed to many distinct types of
collective entities. A single discovery may, for instance, be described as progress under-
gone by a team of particle physicists, the particle physics community, the scientific
community, and humanity itself. However, even if scientific progress can felicitously
be ascribed to all such collective entities, it may nonetheless be that there is one primary
subject of scientific progress and a range of entities that make scientific progress in
some derivative sense. In what follows, I aim to narrow down the field of entities
that can plausibly be taken as the primary subjects of scientific progress.

First, the view that research teams are the primary subjects of scientific progress can-
not account for the progress of science throughout history and so, like the view that
individuals are the primary subjects of scientific progress, should be set aside.
Second, while progress is often ascribed to subfields of science, there is reason to
think that these subfields – which I am supposing are constituted at a time by the
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evolving body of individuals that make them up at that time – are not the primary sub-
jects of scientific progress. One consideration in support of this conclusion is that the
emergence of new scientific subfields is itself plausibly constitutive of scientific pro-
gress.9 A second supporting consideration is that, given the interdependency of sub-
fields, events cannot safely be identified as progressive for some subfield(s) of
science, but not others. The import of a discovery may not be realized until long
after that discovery is made. Consequently, a discovery may be recognized as progressive
even if it is not recognized which fields the discovery promises to progress. This suggests
that scientific progress is, at least in the first instance, a property of some collective other
than scientific subfields. From our list of candidates for the bearers of scientific pro-
gress, this leaves only the scientific community, geopolitical communities, and human-
ity itself. This argument by elimination is limited by both the non-exhaustiveness of our
initial list and the inconclusive nature of certain of the arguments presented against
items on that list. Still, we have at least some reason to focus on this narrowed list of
candidates.

Determining which, if any, of these candidates is the primary subject of scientific
progress is difficult, as competing considerations pull in different directions. The
view that geopolitical communities make scientific progress is motivated by examples
like the nuclear arms race following the Second World War. It seems plausible to
say, in this case, that scientific progress was relativized to distinct geopolitical commu-
nities. However, this view, like the one on which individuals or research teams undergo
scientific progress, has difficulty accounting for the progress of science throughout his-
tory. The alternative views, on which scientific progress is undergone either by the sci-
entific community or by humanity itself, have difficulty accounting for the apparent
possibility that progress might occur within one community even as it stalls elsewhere,
but can account for the progress of science throughout history. One option open to
those who think either the scientific community or humanity itself is the primary sub-
ject of scientific progress is to argue that, while other entities make scientific progress
only the scientific community or humanity itself undergoes scientific progress. That
is, the discoveries attributable to individuals, research teams, scientific subfields, or geo-
political communities are constitutive of scientific progress, but this progress is itself a
property of the broader communities in which they are embedded.

Let us take stock. I have in this section argued that scientific progress is a property of
some sort(s) of communities. Whether scientific progress is undergone by geopolitical
communities, the scientific community, or humanity itself is an interesting question in
its own right, but one that I will not attempt to settle here. For present purposes, what
matters is that scientific progress is not undergone by entities entirely distinct from
human individuals, human individuals themselves, or by research teams. While this
conclusion does not settle the further question of what entities’ properties are constitu-
tive of scientific progress,10 it does constrain plausible answers to this further question. I
now address this further question directly.

9If the emergence of new scientific subfields is constitutive of scientific progress, then each of the PE
accounts provides, at most, part of the story of what constitutes scientific progress. It is in part for this rea-
son that, in section 1, I emphasized that the challenge developed in section 2 afflicts any account of scien-
tific progress that takes the development of psychological-epistemic attitudes to be constitutive of scientific
progress, whether or not such developments are required for scientific progress.

10For example, although Bird recognizes communities as the entities that undergo scientific progress
(2007: 94), his account nonetheless emphasizes the epistemic states of individuals. More generally, it
could in principle be the case that, while collectives undergo scientific progress, such progress occurs
through changes in the attitudes of individuals.
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3. Scientific progress and individual attitudes

Supposing that scientific progress is a property of communities, how is such progress
achieved? According to the PE accounts, scientific progress consists in the development
of psychological-epistemic attitudes – true belief, knowledge, or understanding. I now
consider several proposals for making this suggestion concrete. Each proposal consid-
ered in this section is individualist, in that it takes scientific progress to consist in the
development of individual psychological-epistemic states.

According to a first proposal, scientific progress is achieved just when any individual
attains a new true belief, knowledge, or understanding of some scientific proposition or
phenomenon. This first proposal yields an excessively liberal account of how easily sci-
entific progress is achieved, however. On this first proposal, the education of students,
insofar as it improves the epistemic states of individual students, is constitutive of sci-
entific progress. However, while science education undoubtedly promotes scientific pro-
gress, such education is not constitutive of scientific progress.11 When we tout the
scientific progress that has been made over the centuries, we are not in the first instance
interested in the increasingly widespread availability of scientific education – even
though these achievements are undoubtedly causally interconnected.

Taking on board what is learned from the failure of the first proposal, one might
suggest instead that scientific progress is achieved just when some individual comes
to stand in the relevant psychological-epistemic relation toward a new target scientific
proposition or phenomenon. Call an instance of true scientific belief, scientific knowl-
edge, or scientific understanding novel if it is the first instance of someone standing in
that relation to a given target. On the present proposal, only novel
psychological-epistemic attitudes constitute scientific progress. This proposal rightly
captures that the education of students is not constitutive of scientific progress. More
generally, this proposal captures that scientific progress is plausibly about expanding
the frontiers of science, rather than disseminating the existing fruits of science.
Nonetheless, the proposal seems to set standards for scientific progress that are at
once too lax and too restrictive.

Consider first how the proposal makes the standards for scientific progress too lax.
Suppose that, in her home lab in a remote corner of the world, an isolated scientist
makes a novel observation and formulates a new true theory that captures the observed
phenomenon. She thereby develops a novel true belief, novel knowledge, and novel
understanding. Even if such a case were to occur – something unlikely given the collab-
orative nature of modern science – scientific progress would intuitively not thereby
occur. Novel epistemic improvements on the part of some individual are thus not suf-
ficient for scientific progress. I consider an objection to this brief argument shortly.
Before doing so, I argue that novel epistemic improvements on the part of individuals
are not generally necessary for scientific progress.

Let us suppose that there is an omniscient, or near-omniscient being. As human
beings make novel scientific discoveries, improving their own epistemic situations in
the process, none of what is uncovered is new, for this being is already at least as
well situated epistemically as any human individual. Consequently, if scientific progress
requires novelty in the sense described thus far, no scientific progress is made in the
scenario described. It is, I submit, implausible that a world with an omniscient or

11Ross argues in a similar vein that one scientist informing colleagues of a scientific fact does not amount
to scientific progress (2020: 6). Bird (2010: 30) makes the related point that discoveries kept under wraps by
individuals do not contribute to collective scientific knowledge. It should be noted, though, that while Bird
endorses the epistemic account and endorses the existence of collective scientific knowledge, he is not expli-
citly committed to the collective epistemic account I describe below.
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near-omniscient being is a world in which scientific progress cannot be made. Even if
one takes judgments concerning cases involving such strange beings to lack authority,
the basic point can be made by considering a structurally similar case. It is likewise
implausible that whether a community can undergo scientific progress depends on
whether there exists some distant community, perhaps in a remote corner of the uni-
verse, at a further stage of scientific development. In summary, because the proposal
allows that individual epistemic improvements are constitutive of scientific progress,
it makes such progress implausibly easy to achieve. However, because the proposal
also requires novelty, it simultaneously makes scientific progress implausibly difficult
to achieve.

It might be thought that these objections fail to undermine the second proposal and
that they instead underscore the point made in section 2. There, I argued that scientific
progress is a property of communities. Taking on board this insight, one might suggest
that the best version of the second proposal is one on which a community makes pro-
gress just when one of its members makes an epistemic achievement that is novel within
the community. This response arguably deals with both of the objections raised against
the second proposal. Scientific progress is possible within a community, despite the
existence of an omniscient being, so long as this being is not a member of the commu-
nity. Moreover, the lone scientist’s discoveries fail to constitute scientific progress
because this scientist does not belong to a community.

That the second proposal becomes more defensible when the lessons of section 2 are
taken on board underscores the importance of recognizing that scientific progress is a
property of communities. Still, the second proposal places implausibly liberal conditions
on scientific progress. To see this, consider a case involving a scientist that is undoubt-
edly a member of a community. Just what such membership consists in is a substantive
question, and one I will not attempt to settle here. However, we may build the case so
that the scientist is, as uncontroversially as possible, a member of a community. This
may involve her publishing articles in scientific journals, managing a lab, instructing
students, and so on. Suppose that this scientist is deeply invested in the truth of a par-
ticular theory but, in the course of her work, uncovers evidence that strongly under-
mines that theory, and supports a rival theory. In the process, she develops new true
beliefs, new knowledge, and new understanding related to some target phenomenon.
However, because she has pragmatic reason to do so, she suppresses her own discovery,
never sharing it with other members of her community.12 Despite the epistemic
improvements the individual scientist undergoes, it seems that her community does
not thereby undergo scientific progress. Thus, the achievement of novel epistemic states
on the part of some individual are not sufficient for scientific progress, even when that
individual is a community member.

The failure of this proposal suggests a third alternative. One might think that, while
novel discoveries on the part of some individual are not sufficient for scientific progress,
even when that individual is a member of a community, scientific progress is nonethe-
less ultimately a matter of the novel psychological-epistemic attitudes of individuals.
What is required is that these attitudes be widespread, or so one might think. To get
this proposal off the ground, we would first require a looser understanding of novelty –
one permitting a psychological-epistemic attitude to count as novel so long as the
epistemic state achieved is not already widespread within the community. On this
new proposal, science makes progress just when some significant portion of individuals

12Ross (2020: 7) presents a similar case involving researchers who perish along with the physical records
of their findings before these findings are brought to the attention of their community. Both cases illustrate
that epistemic improvements to members of a community are not by themselves constitutive of progress.
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form the relevant novel psychological-epistemic attitude. One difficulty with this pro-
posal is that it would again allow for the education of students to be constitutive of sci-
entific progress. The objection is perhaps not fatal in this case, as the proposal need not
allow that the education of students is always or even typically constitutive of scientific
progress. Ordinarily, students will only be taught in such a way as to develop true
beliefs, knowledge, or understanding that is already held by many members of the com-
munity, so the current proposal is consistent with affirming that the education of stu-
dents is typically not constitutive of scientific progress.

However, there are further difficulties with the present proposal, having to do with
the extent to which novel epistemic states – true belief, knowledge, or understanding –
must be widespread for scientific progress to occur. First, it seems that there is no
apparent non-arbitrary threshold for individual epistemic properties that can plausibly
be taken to be required for scientific progress to occur.13 This first difficulty arguably
constitutes more of a puzzle than a problem, as one might argue that there is, despite
appearances, a non-arbitrary threshold. A more straightforward problem is that, in
some cases at least, it seems that scientific progress can be made with few individuals
coming to develop new true beliefs, knowledge, or understanding. This is merely to
assert that discoveries in obscure scientific subfields constitute genuine scientific pro-
gress, a point also made by Ross (2020: 6). Given that some genuinely progressive epi-
sodes in science involve epistemic improvements on the part of only a small number of
individuals, the significance of widespread psychological-epistemic attitudes to scientific
progress is dubious.

Consider a final objection to all the proposals advanced in this section. This objec-
tion is best introduced by considering the sorts of cases in which scientific progress may
be lost. Suppose that every material trace of some scientific finding – including books,
journal articles, and the like – is destroyed. Plausibly, such an event might reverse earlier
scientific progress, even if no individual is harmed in the event.14 While an event of this
sort is difficult to imagine in the present era, where technology typically ensures that
stores of important information are redundant many times over, events of this sort
have plausibly occurred in the form of, for instance, the destruction of ancient libraries.
Similarly, it seems plausible that increases in the amount of information now stored in
books and journal articles is constitutive of scientific progress,15 even in cases where no
living individual is aware of that information (cf. Bird 2010: 35). If so, then scientific
progress depends on more than the psychological-epistemic attitudes of individuals.

The upshot of this section is that the progress of science does not consist in the for-
mation of psychological-epistemic attitudes at the individual level, even when attitudes
are both novel and widespread. In short, no individualist PE account succeeds. This
result casts significant doubt on the semantic, epistemic, and noetic accounts of scien-
tific progress, insofar as these accounts take scientific progress to consist in the forma-
tion of psychological-epistemic attitudes. However, as I now argue, the failure of

13The problem here is analogous to the threshold problem in traditional epistemology, which concerns
the degree of justification required for a true belief to count as knowledge (Hetherington 2001, 2006;
Bonjour & Sosa 2003; Grimm 2011b, 2015; Hannon 2017, 2020). A related problem arises for those
who take group-level justified belief to require that some portion of group members possess the corre-
sponding justified belief. For some responses to this problem, see Goldman (2014) and Lackey (2016: fn.
40).

14Popper (1972: 108) makes a similar point about the possible loss of objective knowledge through
destruction of libraries.

15It is worth emphasizing, given our discussion in section 2, that it is consistent with the point that
material stores of information do not themselves undergo scientific progress that increases in the amount
of information included in these stores is constitutive of scientific progress.
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individualist versions of the PE accounts is not, by itself, fatal to the PE accounts of sci-
entific progress.

4. Scientific progress and social justification

Supposing it has been established that scientific progress does not consist in the forma-
tion of psychological-epistemic attitudes by individuals, the only remaining option for
the semantic, epistemic, and noetic accounts is to take a collectivist form. The conclu-
sion reached so far may thus seem to spell doom for the PE accounts of scientific pro-
gress. However, recent work in social epistemology suggests that groups of individuals
can in some cases form psychological-epistemic attitudes over and above the attitudes of
their members. In this section and the next, I consider two strategies by which one or
more of the PE accounts discussed in section 1 might be defended by appeal to collect-
ive psychological-epistemic attitudes.

We begin with de Ridder’s (2014) argument that much scientific knowledge is col-
lective knowledge. As de Ridder observes, the orthodox position among contemporary
epistemologists is that the possession of knowledge by an entity requires the satisfaction
of four conditions: (i) truth, (ii) belief, (iii) justification, and (iv) an anti-Gettier condi-
tion. Because a collective entity may in principle possess knowledge not possessed by
any of its members by satisfying any one of these conditions that is not satisfied by
any of its members, there are multiple ways in which a collective may in principle pos-
sess knowledge not possessed by any of its members. However, as de Ridder observes, it
is implausible that such a separation will occur in the case of condition (i), as what is
true for a group is plausibly always true for that group’s members (2014: 42). Although
(iv) might well be satisfied by a group, but not its members, I do not pursue that pos-
sibility here. Instead, in this section, I consider de Ridder’s suggestion that groups some-
times satisfy (iii) without this condition being satisfied by any group members. Then, in
section 5, I consider the possibility that groups might believe propositions not believed
by any group members.

De Ridder’s argument that much scientific knowledge is collective knowledge
appeals to the following principle:

(SJ) A subject S’s belief that p has scientific justification only if it is properly based
on a properly performed and objectively reliable process of scientific inquiry, the
purpose of which was to gather evidence for the truth of p, and S understands this
to be so. (2014: 45)

Because SJ expresses a necessary condition on scientific justification, and scientific
justification is necessary for scientific knowledge, SJ likewise expresses a necessary con-
dition on scientific knowledge. According to de Ridder, the collective nature of contem-
porary science has the consequence that, in many purported cases of scientific
knowledge, no individual can satisfy SJ. This is due to scientists’ mutual epistemic
dependence – resulting from both time constraints and specialization – on colleagues
and predecessors16 (de Ridder 2014: 46–7). Dependency on others may take the
form of a reliance on other members of one’s research team for theoretical and practical
expertise that one lacks, as well as broader reliance on the experimental results of one’s
more distantly connected colleagues. In each case, dependency is mutual insofar as
others simultaneously rely on one’s own practical and theoretical expertise and findings.

16De Ridder explicitly allows that mutual dependence may hold between contemporary scientists and
their predecessors (2014: 46). Because I find the mutuality of such dependence somewhat mysterious, I
focus in what follows on mutual dependence among contemporary colleagues.
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Dependency on others renders individual scientists incapable of fully assessing the reli-
ability of the process by which scientific beliefs are formed and so incapable of individu-
ally satisfying SJ, at least in many cases. Thus, even if a collective’s beliefs are nothing
over and above the aggregated beliefs of that collective’s individual members, a collective
may possess scientific knowledge not possessed by any of its members (de Ridder 2014:
50). This is important for de Ridder, who takes the notion of irreducible collective belief
to be problematic (2014: 42).

Building on de Ridder’s conception of collective scientific knowledge, we may for-
mulate a new, collective version of the epistemic account of scientific progress. On
this version, scientific progress is made just when new collective scientific knowledge
is formed. This version of the epistemic account deals handily with the case of the
lone scientist for, in this case, there is no mutual epistemic dependency, and so there
is no collective scientific knowledge. But does the resulting account adequately capture
the epistemic dimensions of scientific progress? In what follows, I articulate some points
of concern.

It is first worth noting that, on the account of scientific knowledge now under con-
sideration, the possessors of scientific knowledge are an array of groups with varying
degrees of structure. Scientific knowledge will in some cases be a property of research
teams with specific aims and purposes. However, in other cases, scientific knowledge
will be a property of loose collections of contemporaries who, without explicit cooper-
ation, benefit from one another’s work. On this view, the existence of mutual citation is
a rough indicator of the existence of group knowledge – only rough because mutual cit-
ation need not always reflect mutual epistemic dependency. I now raise worries for the
connection between these forms of knowledge and scientific progress.

First, consider a research team whose members are mutually epistemically depend-
ent and which thus, in the course of the team’s work, forms a novel true belief that p.
Let us suppose that the team’s belief satisfies SJ, and thus that the team knows that p. A
first concern for the account of scientific progress now under consideration is that the
events described do not seem to be sufficient for scientific progress. Suppose that the
team, like the researcher discussed in section 3, has pragmatic reason to suppress its
discovery. In this case, it seems that the team’s formation of knowledge that p is not
sufficient for scientific progress. This is especially clear if we assume that scientific pro-
gress is a property of communities, rather than research teams.

There is a broader concern about this account worth raising here. De Ridder, as I
noted, maintains that justification is sometimes irreducibly collective even though belief
is at most reducibly collective – that is, he maintains that a collective’s belief that p is
reducible to its individual members’ beliefs that p. De Ridder is, however, also commit-
ted to a basing condition on knowledge – for S to know p, S must understand S’s belief
that p to be ‘properly based on a properly performed and objectively reliable process of
scientific inquiry’ (2014: 45). But, in cases of mutual epistemic dependence, no individ-
ual satisfies this condition. But, given that no individual satisfies the condition, and the
collective’s belief is just the aggregate of its individual members’ beliefs, it is unclear
how the collective can satisfy the basing condition on knowledge. This problem casts
doubt on de Ridder’s account of collective scientific knowledge in general, and the
application of that account to the issue of scientific progress in particular.

The concern just raised against de Ridder’s account of collective scientific knowledge
has broad implications. It is quite plausible that any adequate account of knowledge will
include a basing condition and, as we have seen, the satisfaction of this condition seems
to exclude the possibility of collective knowledge based on irreducibly collective justifi-
cation, without irreducibly collective belief. The lesson is that there is no irreducibly col-
lective knowledge without irreducibly collective belief. In the next section, I develop a
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strategy for defending the PE accounts of scientific progress that appeals to irreducibly
collective beliefs and other mental states.

5. Scientific progress and collective attitudes

De Ridder’s account of collective scientific knowledge is consistent with the denial that
there are irreducibly collective mental states. The approach taken in this section departs
from the philosophically conservative position that only individuals are the subjects of
mental states. First, I develop a strategy for reconciling the semantic and epistemic
accounts with the social dimensions of science by defending the possibility of irredu-
cibly collective true belief and knowledge. I then consider whether this strategy can
be extended in defense of the noetic account.

Supposing that the defensibility of the PE accounts depends on commitment to irre-
ducibly collective mental states, one might conclude that the PE accounts are best set
aside. However, recent work on extended and distributed cognition casts doubt on
the widely held presumption that individuals are the only subjects of mental states.
The hypothesis of extended cognition, together with the extended mind thesis, are typ-
ically taken to support the view that the realization bases of individual’s cognitive pro-
cesses and mental states are not confined within biological barriers (Clark 1997, 2008;
Clark and Chalmers 1998; Hurley 2010; Milojevic 2020). However, I have recently
argued that the extended mind thesis is most plausible when understood as the claim
that biological individuals sometimes form parts of distinct systems that are themselves
the subjects of mental states (Harris 2019, 2020). This understanding of the extended
mind thesis brings it into closer alignment with the hypothesis of distributed cognition,
on which cognitive processes are sometimes distributed across systems of biological and
non-biological components (Hutchins 1995; Davies and Michaelian 2016). For present
purposes, what matters is that the assumption that biological individuals are the sole
bearers of mental states cannot be taken for granted. Thus, the failure of individualist
versions of the PE accounts does not spell doom for those accounts.

In fact, Bird (2010, 2014) has recently developed an account of scientific knowledge
as social knowing that is motivated in part by work on distributed cognition.17 Bird’s
account of scientific knowledge is intended to capture the sense of knowledge at
work in sentences like ‘North Korea knows how to build an atomic bomb’ (2010: 23)
and ‘The growth of scientific knowledge has been exponential since the scientific revo-
lution’ (2010: 25). Notably, this knowledge is plausibly not held by any single individ-
ual, but is instead distributed across several individuals and, perhaps, non-biological
stores of information. More generally, Bird maintains that scientific knowledge is not
reducible to the knowledge of individuals, but is instead realized in the states of indivi-
duals together with material stores of information including books, journal articles, and
so on. Here it is worth making a few points of clarification. First, to say that scientific
knowledge is distributed across individuals and material stores of information is not to
deny that some items of scientific knowledge might be fully realized in the states of par-
ticular individuals and material stores of information.18 For instance, social knowledge

17The distributed cognition approach utilized by Bird and taken up here is not the only way to develop
accounts of irreducibly collective belief and knowledge. Gilbert’s (1987, 1989, 1994, 2000) joint commit-
ment approach represents an important alternative approach to group belief. Because of concerns about
whether joint commitment gives rise to genuine beliefs that are properly responsive to epistemic considera-
tions (Wray 2001), I do not consider Gilbert’s approach at length here.

18Bird sometimes writes as though scientific knowledge is exclusively realized in the states of published
or otherwise accessible material stores of information (2010: 31). This position is motivated by the case of a
hermit scientist whose discoveries, Bird suggests plausibly, do not automatically contribute to scientific
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that p could in principle be realized entirely in the states of a single book. What allows
the contents of the book to contribute to social knowing is the accessibility of those con-
tents (Bird 2010: 32). Second, while Bird devotes little attention to the question of jus-
tification, it is consistent with Bird’s approach that there is a justification component to
social knowing. Justification, on Bird’s approach, is perhaps best understood as deriving
from the reliability of the scientific process that issues in content distributed across indi-
viduals in non-biological stores of information (2010: 42). Extending Bird’s approach,
we may say that social beliefs, the realization bases of which are likewise distributed
across individuals and material stores of information,19 may or may not constitute
social knowledge depending on whether or not these beliefs are true and produced
by a reliable process.

Rather than scrutinizing Bird’s account of social knowing in detail, I instead wish to
consider how the account might be brought to bear on the question of scientific pro-
gress. The suggestion here is that scientific progress occurs just when scientific social
knowledge increases. Call this the collective epistemic account. The present suggestion
deals easily with the objections raised against the individualist variants of the epistemic
account considered in section 3. The development of scientific knowledge by some iso-
lated individual does not constitute scientific progress, because this individual’s knowl-
edge is not accessible in the way required for social knowledge. Moreover, the collective
epistemic account explains why scientific progress can be lost without any individual
being directly affected, as in the case of the destruction of material stores of information.

We can likewise construct an account on which scientific progress consists in the
development of true social beliefs. Call this the collective semantic account. On this
account, the production of social beliefs by reliable scientific processes is not strictly
required for scientific progress, but will tend to ensure that true rather than false scien-
tific beliefs are formed, and thus will promote scientific progress. Like the collective epi-
stemic account, the collective semantic account avoids the objections raised against its
individualist counterpart in section 3.

What about a collective noetic account, that is, an account on which scientific pro-
gress consists in increases in collective understanding? The feasibility of such an
account hangs on at least two substantive issues about the nature of understanding
that I cannot hope to settle here. Instead, I will raise the issues and briefly discuss
the prospects for a collective noetic account in light of them. First, one might think
that, unlike belief20 and knowledge, understanding has a phenomenal component21

that cannot be satisfied by collectives.22 It is perhaps for this reason that, despite the

knowledge. However, given similar arguments to those put forward in section 2, we can explain why the
hermit’s discoveries do not automatically contribute to scientific knowledge without denying that individ-
ual attitudes sometimes contribute to scientific knowledge. Ultimately, what seems to matter is the acces-
sibility of information, not whether this information is recorded in some non-biological store. This more
permissive approach, but not the more restrictive alternative Bird sometimes suggests, is consistent with the
intuitive point that there could in principle be collective scientific knowledge among a community of
inquirers with no written language.

19Bird (2020: 277–9) articulates an account of group belief that closely parallels his account of social
knowledge.

20It is controversial whether belief has a phenomenal component. See, for instance, Cohen (1989: 368)
for the view that belief that p involves a disposition to feel that p is true.

21Whether understanding has such a phenomenal component is controversial. Bourget (2017) provides a
helpful overview of the controversy.

22The view that collectives cannot be the subjects of phenomenal states is widely, but perhaps not uni-
versally, held. Schwitzgebel (2015), for instance, argues that if materialism is true then some large collectives
are probably conscious – although Schwitzgebel is himself unsure whether this is best understood as
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extensive and growing literature on group belief and group knowledge, there is yet very
little work on group understanding. Boyd’s (2019) recent argument for the existence of
irreducible group understanding is a rare exception, and one that might well point the
way forward for a collective noetic account. Notably, Boyd’s argument for group under-
standing utilizes an account of understanding with no phenomenal component. Central
to this account is the notion of grasping as a necessary condition on understanding,
where grasping involves a set of abilities related to the proposition understood.23 As
I noted in section 1, Dellsén deploys a similar approach to grasping in his development
of the noetic account. Boyd argues that, in some cases where the relevant abilities are
distributed across a group, that group is the subject of irreducibly collective understand-
ing. Provided that some such non-phenomenal account of grasping is adequate – a
claim I will not attempt to assess here – a collective noetic account of scientific progress
remains viable.

The apparent possibility that scientific progress can be lost through the destruction
of material stores of information presents a second possible concern for the collective
noetic account. To address this concern, the proponent of a collective noetic account
might insist that a collective’s grasp may in principle be distributed across biological
and non-biological components of the collective. Alternatively, the collective noetic
account may perhaps be defended by appeal to a further condition on collective under-
standing that p that is partially realized in material stores of information. An adequate
consideration of either response would take us well beyond the main thesis of the pre-
sent essay, and so I leave the issue here. For present purposes, the upshot of this brief
discussion is that the development of a collective noetic account would require grap-
pling with issues concerning how understanding is realized, and the sorts of entities
that can possess it.

6. Objections and replies

I have argued that the most defensible PE accounts of scientific progress are collective
PE accounts. In this brief section, I consider two objections to the case for the collective
PE accounts developed above.

In a recent paper, Ross (2020) argues, consonant with what has been argued here,
that science most plausibly progresses through epistemic improvements to communi-
ties, rather than individuals. However, Ross argues that PE accounts like those consid-
ered here fail to recognize that scientific progress occurs in intermediate stages of
inquiry and, in particular, through the formulation of new questions, the collection
of evidence, and through increased confidence in correct answers to questions. I now
briefly argue that the relatively simple PE accounts discussed above are preferable to
the richer accounts Ross defends.

First, there are problems with treating at least one of the individual interrogative atti-
tudes Ross discusses as constitutive of progress. According to Ross, group wondering
consists in formulation of a question and a commitment on the part of the group to
investigate that question (2020: 13). Thus, on Ross’s account, scientific progress
might occur through the formulation by the scientific community of a question, and
a commitment to determine the answer to that question. However, such an account
has deeply counterintuitive consequences when combined with the plausible principle,
suggested by Ross (2020: fn. 9), that if progress consists in the acquisition of some x,

support for the existence of phenomenally conscious groups or the falsity of materialism. See List (2018) for
a recent critique of Schwitzgebel’s line of argument.

23See also Hills (2015) for an account of understanding-why that takes such understanding to require
similar abilities.
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then regress occurs when x is lost. Suppose though that the scientific community won-
ders whether p. Now suppose the community comes to know that p. Presumably, the
community will cease to wonder whether p. However, it hardly seems plausible that,
even as some scientific progress is made, some is also lost through the community’s
ceasing to wonder – and more specifically ceasing to be committing to investigating
– whether p. Another concern for Ross’s approach is that, intuitively, a community
undergoes just as much scientific progress if it increases its knowledge or understanding
by chance discovery as if its epistemic improvements are precipitated by wondering.
Otherwise, when comparing two communities that are alike in all respects except
that the epistemic attitudes of only one were due to chance discovery, we would be
forced to conclude, implausibly, that the other has progressed further.

There are more general problems with Ross’s pluralistic approach.24 First, it is not clear
that any amount of wondering, evidence collection, or increase in confidence amounts to
scientific progress if it fails to culminate in the achievement of some PE state. For
example, if Ross’s approach were correct, then it would be possible in principle for a com-
munity to achieve substantial scientific progress by simply formulating a large number of
research questions and committing to investigate these. Sufficient committed curiosity on
the part of the group might in fact be sufficient for the community to achieve greater sci-
entific progress than if it came to enjoy new knowledge or understanding. This, it seems,
is implausible. So too is it implausible that fruitlessly collecting evidence is constitutive of
scientific progress.25 It is somewhat more plausible that a community might achieve sci-
entific progress by increasing its confidence in true scientific propositions, without neces-
sarily ever arriving at full belief. However, this point might be accommodated by a version
of the semantic approach treating credences, rather than binary beliefs, as central. On the
whole, then, it is not clear that the proponents of PE accounts have reason to embrace a
pluralistic approach to scientific progress that recognizes something beyond the develop-
ment of PE attitudes as constitutive of scientific progress. Instead, the formation of inter-
rogative attitudes like the ones Ross describes are best understood as facilitating scientific
progress, rather than being constitutive of scientific progress itself.

A second objection threatens to render problematic the very idea of ascribing PE
attitudes, especially knowledge, to communities, in cases in which the attitude in ques-
tion is not possessed by any community member.26 Lackey (2014) alleges that accounts
of social knowledge like Bird’s (2010, 2014) – which allow for group knowledge to be
partially realized in non-human components of collectives – conflict with the following
plausible principle:27

Knowledge-Action Principle (KAP)
S knows that p only if S is epistemically rational to act as if p. (Lackey 2014: 287)

24Note that the objections raised here do not undermine all pluralist accounts – these objections are con-
sistent with the development of collective knowledge and understanding both being constitutive of scientific
progress, for instance.

25To bolster this claim notice that, as Ross acknowledges (2020: 5), collecting further evidence of a sci-
entific fact does not amount to progress when that fact is already well-established. This indicates that the
collection of evidence is not intrinsically progressive, but leads to progress just when it furthers the attain-
ment of some attitude like true belief, knowledge, or understanding.

26Thanks to an anonymous referee for pressing me to consider this objection.
27Lackey (2014) raises a second objection against views that support such ascriptions. According to this

objection, such views cannot provide an adequate account of group-level epistemic defeaters. However, this
objection can be resolved by allowing that the mental states of human individuals can contribute to what a
group knows. As I have suggested above (fn. 18), Bird’s account of collective knowledge is most plausible
when this possibility is allowed.
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Because groups can plausibly only act through their members, Lackey alleges that
accounts that allow for groups to possess knowledge not possessed by members must
either allow that groups can act in epistemically rational ways on propositions not
known by members or must deny the KAP.

Lackey’s objection to Bird’s approach depends on an implausibly strong reading of
the KAP, however. Knowing that p does not guarantee the epistemic rationality of all the
ways in which one might act as if p. To see this, consider the following case from Turri:

Spiro
Spiro is a spiteful guy who relishes causing people emotional pain. Out of spite, he
plans to tell Lois that her fiancé just died. Some time before he embarks on exe-
cuting his plan, he receives a text message from a reliable informant reporting
that Lois’s fiancé has indeed just died. So Spiro knows that the fiancé died. But
this knowledge doesn’t motivate him in the least to tell Lois that her fiancé
died. He goes ahead and tells her out of pure spite. Intuitively this assertion is epis-
temically defective. (Turri 2011: 41)

Asserting that p is a paradigmatic way of acting as if p. However, Spiro’s knowledge
plainly does not render his assertion epistemically rational – that knowledge is causally
irrelevant to how Spiro acts. Similarly, suppose that the scientific community knows q
by way of some archived publication forgotten by every living member of the commu-
nity. Then, suppose that the scientific community acts as if q without first consulting
this publication. Lackey is correct that such an action would be epistemically irrational
on the part of the group. However, on a plausibly weakened version of the KAP, the
scientific community’s knowledge that q does not secure the epistemic rationality of
its action, and this is because that knowledge is causally irrelevant to the action.
When the KAP is given a plausible reading – requiring that knowledge be causally
implicated to rationalize action – it poses no threat to the attribution of knowledge
not possessed by individual members to broader communities.

7. Concluding remarks

I have argued that the semantic, epistemic, and noetic accounts of scientific progress
might well survive an apparent challenge from the social dimensions of scientific pro-
gress. To survive, however, such accounts must recognize collective epistemic subjects.
There remains a question, raised here but not resolved, about what the relevant collect-
ive epistemic subjects are.28
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