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Abstract Fueled by the rapid development of neuroscientific tools and techniques, some scholars consid-
er the shift from traditional cognitive psychology toward cognitive neuroscience to be a revolution (most
notably Boone and Piccinini). However, the term “revolution” in philosophy of science can easily be con-
strued as involving a paradigm shift in the sense of Kuhn’s The Structure of Scientific Revolutions. Is a
Kuhnian account sound in the case at hand? To answer this question, we consider heuristic indicators of
two features of paradigm shifts: the incommensurability of ontologies; and a gap between scientific com-
munities. Based on our evidence, we argue that no revolution has occurred (at least, not yet).
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Riassunto La “rivoluzione delle neuroscienze cognitive” non é una rivoluzione (in senso kubniano). Eviden-
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1 Introduction

TEXTBOOKS OFTEN PARTITION THE FLOW of
human history into different epochs, separated by
remarkable events. For instance, most textbooks set
the boundary between the Modern and Contempo-
rary Ages in 1789, the year of the French Revolu-
tion. In a similar fashion, the history of scientific
psychology is often presented as a series of revolu-
tions. First, we had the behaviorists’ rejection of in-
trospection, a kind of parricide of founding fathers,
including Wundt and Titchener. Then came the so-
called cognitive revolution, which legitimized theo-
retical entities that mediate perception and action
via the analogy between minds and computers.
Then, more recently, the rise of cognitive neurosci-
ence, which is often thought to represent a revolu-
tionary break with classical cognitive psychology
and its lack of interest in the neural implementation
of cognitive processes.

The idea that the rise of cognitive neuroscience
is a revolution seems implicit in many accounts of
the phenomenon. Perhaps it is fueled by the rhe-
torical statements that have accompanied big sci-
ence projects like the Human Brain Project or the
BRAIN initiative. Sometimes, it is even made ex-
plicit in scientific articles. For instance, in listing
tool-driven revolutions in neuroscience, Bickle de-
clared that it remains an open dispute' whether
the rise in cognitive neuroscience spurred by the
rapid spread of functional brain imaging deserves
the very label “revolution”. But in the same year,
Boone and Piccinini published a paper entitled
The cognitive neuroscience revolution, describing a
change of tides in science that remained, they
claim, unbeknownst to many fellow philosophers.?

Given the vast influence of Kuhn’s book The
structure of scientific revolutions, talk of revolution
may be easily interpreted in terms of shifts from
one paradigm to another possibly incommensura-
ble one. In this paper, we will claim that conceiv-
ing the transition from traditional cognitive psy-
chology to cognitive neuroscience in terms of a
Kuhnian paradigm-shift amounts to mischaracter-
izing it. Hence, given how easily talks of revolu-
tions in the context of scientific progress may
evoke the Kuhnian narrative of paradigm-shifts,
we advise fellow philosophers and historians of
the mind sciences to refrain from employing a
revolutionary lexicon when describing and think-
ing about this transition. Apart for historical accu-
racy, we think that our concerns have broader im-
plications. Our most salient fear is that, if the
Kuhnian narrative is adopted by cognitive neuro-
science textbooks and becomes the standard train-
ing framework, new generations of neuroscientists
will be tempted to neglect the past psychological
literature under the wrong assumption that this
has nothing to do with their field. This could con-
demn them to “reinventing the wheel”.

After presenting some theoretical considerations
that contextualize our claim in the next section, we
use scientometric data to defend it against the
paradigm-shift view of the psychology-to-neuro-
science transition. The notion of paradigm-shift is
notoriously elusive to definition. As such, biblio-
metricians struggle to provide consensual opera-
tionalizations of this notion.” To circumvent this
problem, we take a slightly more indirect ap-
proach, addressing two proxy properties diagnos-
tic of paradigm-shifts: namely, that the two con-
trasted paradigms have different ontologies (in-
commensurability); and that they are pursued by
different scholars (Planck’s principle). In Section 3
we offer a brief recap of Kuhn’s account of scien-
tific progress and derive testable scientometric
predictions for both incommensurability and
Planck’s principle. In the following sections (4 and
5) we show some data that argue against these
predictions (for details on data and methods, see
the appendix). Lastly, in Section 6, we hint that
other models of scientific progress better describe
the transition from classical cognitive psychology
to cognitive neuroscience.

2 The shift from classical cognitive psychology
to cognitive neuroscience

As we mentioned, Boone and Piccinini de-
scribed the passage from classical cognitive psy-
chology to cognitive neuroscience as a “paradigm
shift”.* Why? The main breaking point, according
to the authors, is epistemological. During the An-
cién Regime of traditional cognitive psychology the
golden explanatory standard was a boxological
framework confined to Marr’s algorithmic and
representational levels,” which prevailed irrespec-
tive of the physical implementation. This episte-
mological stance was based on a commitment to a
functionalistic metaphysical framework according
to which human minds were (or were interpreted
as) universal Turing machines, with mental states
often construed as sub-personal mental represen-
tations. The cognitive psychologist was not con-
cerned with finding out what parts of the brains
performed some cognitive operation since, as Put-
nam famously put it: «We could be made of Swiss
cheese and it wouldn’t matter».° Instead, cogni-
tive psychologists sought to provide functional
explanations, i.e., decomposing a complex behav-
ioral task into several stages of cognitive processes
occurring at the sub-personal level, whose nature
and relationships were often represented by boxes
and arrows, respectively.” Ideally, the same model
that describes how a cognitive operation can be
exploited by human beings could be used to pro-
gram a software that performs the same task.

By contrast, in the new age of cognitive neuro-
science, respectable explanations need to be cast in
terms of multilevel neurocognitive mechanisms.
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Abstracting from some relatively fine-grained dif-
ferences, the most influential definitions of mecha-
nistic accounts® share the idea that to provide a
mechanistic explanation of some phenomenon
means to explain how it depends on component
operations that result from the workings of com-
ponent parts that exhibit the right kind of spatial
and temporal organization. In the context of the
transition from cognitive psychology to cognitive
neuroscience, box-and-arrow designs are thus no
longer sufficiently explanatory: they are at best
sketches of mechanisms,” placeholders for a com-
plete account given in terms of the neural structures
and processes implementing a given operation.

Now, the mechanistic epistemological frame-
work traced by Boone and Piccinini may not reflect
current practices in cognitive neuroscience. Indeed,
mechanistic explanation is more a regulative ideal
subscribed to by philosophers than the standard
epistemology used in present-day neuroscientific
research. And while some philosophers agree with
Boone and Piccinini that interlevel mechanistic ex-
planations must be the gold standard to which cog-
nitive neuroscience aims,'® others have protested
that mechanistic explanations need not be the only
explanatory account in neuroscience'’ or that, in
trying to catch up with the challenges of complexi-
ty, nuanced mechanistic frameworks ultimately
give up on their signature heuristic strategies, i.e.,
decomposition and localization."

Of course, some neuroscientists also share the
urge to have interlevel mechanistic explanations.
John Krakauer and colleagues are so convinced of
the need for an integrated mechanistic under-
standing of the mind that they make a plea for it."?
Indeed, their urge to make this plea seems to re-
veal the fact that aiming at full-fledged mechanis-
tic explanations has become more the exception
than the norm. In fact, most neuroscientific stud-
ies simply settle for comparing different processes
in terms of their neural correlates. Perhaps this
gap will be filled sooner or later, thanks to novel
tools provided by cognitive computational neuro-
science that simulate some dark corners of the
brain that could not be examined otherwise.'* Or
maybe neuroscientists will end up sidestepping
explanatory aims and rather focusing on mind-
reading, i.e., predicting mental states from neural
data — a trend that Yarkoni and Westfall suggest
and against which Weiskopf protests."

3 Scientific revolutions as Kuhnian paradigm-
shifts

But let us assume for the sake of discussion
that the “cognitive neuroscience revolution” has
paved the way to the Eldorado of mechanistic ex-
planation. Would this constitute a good reason to
invoke such a burdensome term as “revolution”?
As we mentioned, the term “revolution” is heavily

weighted in philosophy of science, by the specific
meaning it was given in Kuhn’s masterful book,
The structure of scientific revolutions.'® As is well
known, Kuhn’s book depicts the history of mature
sciences as a sequence of paradigm shifts. Each par-
adigm provides some exemplars that set the lexicon
and the agenda of a scientific community, thus en-
abling it to accumulate progressive knowledge by
doing normal science. Whatever does not fit into
the scope of the paradigm, or contradicts it, is
treated as an anomaly, and provisionally swept un-
der the rug. However, when too many anomalies
stack up, the dominant paradigm may end up being
challenged by newer ones, until one of them man-
ages to establish itself as the new dominant para-
digm. And then normal science can restart.

New paradigms may fail to account for some
phenomena that old ones could account for (and
vice versa), because they have a different ontology.
This is due to Kuhn’s commitment to a certain
degree of theory-ladenness in observation. In sim-
ple terms, he admits the possibility that no neutral
ground may exist for objectively comparing the
merits and flaws of different paradigms. Due to
this incommensurability, the battle between para-
digms does not hinge on purely rational grounds,
but ultimately requires some leap of faith. Howev-
er, leaps of faith are rare. Kuhn embraces Max
Planck’s idea that «a new scientific truth does not
triumph by convincing its opponents and making
them see the light, but rather because its oppo-
nents eventually die, and a new generation grows
up that is familiar with it»." This principle has
been eponymized as Planck’s principle and gets ef-
ficaciously expressed by the dark slogan “science
advances one funeral at a time”.

Having evoked the Kuhnian framework, we
cannot help pondering the following question:
does the passage from classical cognitive psy-
chology to cognitive neuroscience count as a
genuine revolution sensu Kuhn? Boone and Pic-
cinini do not explicitly endorse such a bold
claim®. On the contrary, some passages in their
paper suggest that they embrace a more prudent
view of evolutionary and progressive shift rather
than the kind of rupture envisaged by Kuhn.
First, they follow Piccinini and Craver" in con-
sidering boxological explanations of cognitive
science as sketches of mechanistic explanations.
And second, they highlight that «rather than re-
inventing the wheel, [cognitive neuroscientists]
began incorporating behavioral protocols from
cognitive psychology and applying those proto-
cols to experimental setups in which neural activ-
ity could be monitored in both humans and mod-
el organisms».” And yet, a reader may well in-
terpret their position in a strong Kuhnian sense
as they write: «cognitive science as traditionally
conceived is on its way out and is being replaced
by cognitive neuroscience»?' and, by explicitly
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calling the transition a “paradigm shift”,”* they

somehow wink at a Kuhnian narrative.

Notwithstanding what Boone and Piccinini
claimed or might claim, the question remains: is
the transition from classical cognitive psychology
to cognitive neuroscience a bona fide paradigm
shift? Unfortunately, there is no straightforward
answer to this question. Those willing to tell this
story based on a Kuhnian script will have no
trouble finding nice quotes that support such a
narrative. On the one hand, some so-called “ul-
tra-cognitivist neuropsychologists”* refrain from
conceding any evidential weight to neuroimaging
data. When doing so, they love to quote Jerry
Fodor, a paragon of old-style cognitive psycholo-
gy: «If the mind happens in space at all, it hap-
pens somewhere north of the neck. What exactly
turns on knowing how far north?».>* On the oth-
er hand, we find a scientifically minded philoso-
pher like Anderson® suggesting that the huge
mass of neuroscientific data can - and must — be
used to prompt a complete refurnishing of our
mental category. He remarks that what he has in
mind is not just a “revision” (gradually negotiat-
ing extant categories), but rather a revolution
(jettison the extant categories and start from
scratch based on solid neural foundations). Now,
there is no doubt that both positions have been
influential and have promoted considerable de-
bate in the field. However, being influential in a
field does not necessarily imply being representa-
tive of the mainstream. Indeed, it is entirely pos-
sible that such views were influential precisely
because they were extreme, thus setting the outer
boundaries of the common view.

One way to avoid this kind of “cherry-picking
fallacy” may lie in switching from a qualitative to a
quantitative approach. One problem of imple-
menting such approaches in the case at hand is
that the Kuhnian notions of “revolution” and
“paradigm” are notoriously elusive. It is very hard
to define them. Let alone to operationalize them
in formal terms. To circumvent this conceptual
issue, some library scientists have prudently set-
tled for proxy measures of paradigm similarity,
such as ascertaining whether scholars cite the
same documents® or use common keywords.” In
the remainder of this paper, we will adopt a simi-
larly indirect approach. Aided by some biblio-
metric data, we will argue that thinking in terms of
Kuhnian revolution misrepresents what actually
happened in the wake of cognitive neuroscience.
Rather than trying to operationalize the notion of
paradigm itself, we look for traces of the two sig-
natures of paradigm shifts that we outlined above,
namely the incommensurability of the two para-
digms and the separateness of their communities,
as posited by Planck’s principle. A detailed expla-
nation of how data were gathered and processed is
provided in the Appendix.

4 Are cognitive psychology and cognitive neu-
roscience ontologically incommensurable?

According to some scholars, the attempt to use
neuroimaging techniques to localize cognitive func-
tion is at best premature because we still lack an
agreed-upon ontology of cognitive constructs.”® In-
deed, the very neuroscientist who heralded the de-
bate on cognitive ontology, Russell Poldrack, con-
cedes that by projecting the wrong set of psycholog-
ical categories onto the brain we might end up rei-
fying them. As proof of concept, he browsed the lit-
erature to find studies that might be reinterpreted
as functional localizations of the mental faculties
posited by Sir Francis Gall’s phrenological theory.”
But unlike detractors of neuroimaging, who consid-
er this to be fatal evidence that neuroimaging tools
are worthless, Poldrack takes a reformist stance:
instead of blindly localizing extant faculties, he
proposes, neuroimaging techniques must be used to
critically reassess them. However, while Poldrack
seeks to pursue this reform by means of some sort
of reflexive equilibrium between psychological tax-
onomies and neuroscientific data, other scholars
argue for a drastically bolder approach, where ex-
tant psychological categories are jettisoned, and
neural co-activations are taken as prima facie evi-
dence of some common underlying psychological
dimension.* This quarrel, whose roots can be back-
tracked at least to the Churchlands’ pleas for elimi-
nativism,*' is now commonly referred to as the de-
bate on cognitive ontology.*

Now, while the radical take on cognitive ontolo-
gy would promote the kind of ontological incom-
mensurability that we would expect to follow a
Kuhnian revolution, the fulfillment of its promise
seems hindered by several conceptual problems. To
put it simply, patterns of neural activities can hard-
ly be individuated in a way that is totally shielded
from any psychological assumption whatsoever.*®
And even if the project of a fully bottom-up, brain-
based reform of our cognitive ontology turns out to
be viable, our feeling is that the ontology of cogni-
tive neuroscience has not cut the umbilical cord yet.

In order to move from feelings to data, we can
muster some indirect evidence of ontological
commonality/divide between cognitive psycholo-
gy and cognitive neuroscience. The most obvious
approach would be based on keywords or on some
other forms of literature mining from either ab-
stracts or articles full texts.>* However, remarks
concerning the high polysemy of psychological
constructs across different research groups® make
us skeptical of this approach. The deep structure
of ontology may remain rather stable despite dif-
ferences in labels, whereas apparent similarity in
labels may hide major differences in their mean-
ings. Therefore, we bargained on a rather intuitive
approach taking another route that, while less di-
rect, we deem to be more prudent: measuring cita-
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tion exchanges. Citations signal, if not direct
knowledge exchange, at least participation in a
common “discussion”.* This is why they are
commonly used in scientometrics to map the
structure of research fields and their mutual rela-
tions. When incommensurability happens, accord-
ing to Kuhn it is associated with communication
breakdowns between specialists: in terms of cita-
tions, this can be operationalized as a lack of mu-
tual citations in these specialists’ publications. By
contrast, robust citation flows can be interpreted
as a proxy for scientific information communica-
tion between fields and, thus, the lack of incom-
mensurability barriers.

After all, except for a first “revolutionary”
stage, in which the early Copernican astronomers
directly challenged the Ptolemaic theory, we do
not expect to find discussions of epicycles in as-
tronomy. Nor do we expect to find Paracelsus’
writings mentioned in present day chemistry jour-
nals. On the contrary, robust citation trading be-
tween psychological and neuroscientific journals
would signal that the two disciplines share a lingua
franca, contrary to what you would expect if they
were incommensurable.”

Yet, as bibliometricians know very well, rather
than by being defined by some fixed level of reali-
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adults) and systems neuroscience. However, ex-
perimental cognitive psychology is just a part of
the broader field of psychology, together with oth-
er areas like social, educational, or clinical psy-
chology. And within neuroscience, systems neuro-
science (roughly corresponding to cognitive and
affective neuroscience) is not alone. As stressed by
John Bickle, contrary to the misperception of
many philosophers, molecular and cellular neuro-
science — the more biomedical branches of the dis-
cipline - make up mainstream neuroscience.”

A rough approximation of the structure of the
citation exchanges between Psychology and Neuro-
science is displayed in Figure 1. The figure is a sci-
ence map which spatially represents relationships
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(WoS) database (as of December 15, 2021) under
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Figure 1. 4 science map representing the citation landscape of journals categorized as PSYCHOLOGY or NEUROSCIENC-
ES (or both) according to the Web of Science database. The similarity between two journals is based on the number
of journals they both cite and on the intensity of their citations, so that journals with a similar citation profile are
placed together on the map (journal bibliographic coupling). The thickness of the links represents the similarity of
pairs of journals (only links with strength > 0.3 are shown), whereas the size of the nodes is proportional to the
sum of the strength of the links incident to the nodes. Clusters of similar nodes are individuated by the Leiden
clustering algorithm and are represented by the different colors of the nodes. Labels were proposed by the authors
based on their domain expertise. For more details, see the Appendix. Software: VOSviewer (cf. N.J. VAN ECK, L.
WALTMAN, Software survey: VOSviewer, a computer program for bibliometric mapping). A colored interactive visu-
alization (without our labels) is available at https://tinyurl.com/20sz3dfp
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the categories PSYCHOLOGY (N = 1028), NEURO-
SCIENCES (N = 473), or both (N = 50).%

Even considering all due caveats regarding pos-
sible biases induced by the database or by the vis-
ualization, Fig. 1 tells us a few things.* The major-
ity of exchanges between Psychology and Neuro-
science — including the 50 journals belonging to
both categories — lie at the interface between the
yellow cluster (which we propose to label “cogni-
tive psychology”) and the red one (which we label
“neurosciences”; see Figure Al in the Appendix).
Now, the very fact that journals of cognitive psy-
chology still exist and undergo florid editorial ac-
tivity contradicts a strong Kuhnian ideal: if there
had been a revolution, the paradigm we used to
call cognitive psychology should have vanished,
and another called cognitive neuroscience should
have arisen from its ashes. Instead, what we see is
that both coexist and trade citations. Moreover,
some journals are classified as pertaining to both
fields (although based on their citing behavior, we
included most of these in the red cluster).

While this map provides a nice panoramic pic-
ture of the citation landscape, it is worth zooming
in on some finer-grained details. To do so, we
leave aside the clusters we imposed on the map for
the sub-categories of Psychology journals based on
WoS classification: PSYCHOLOGY (UNLABELED),
APPLIED, BIOLOGICAL, CLINICAL, DEVELOPMEN-

TAL, EDUCATIONAL, EXPERIMENTAL, MATHEMAT-
ICAL, MULTIDISCIPLINARY, PSYCHOANALYSIS, SO-
CIAL. (No sub-areas of NEUROSCIENCES are pro-
vided by the WoS database. See the Appendix for
the descriptive statistics). We see that the percent-
age of citation output targeting NEUROSCIENCES
journals vary greatly within these subcategories:
roughly 2.05% of the citations in the 131 journals
of APPLIED PSYCHOLOGY point toward NEURO-
SCIENCES journals. In contrast, NEUROSCIENCES
journals get the lion’s share of 24.3% of citations
from the 29 journals classified as BIOLOGICAL
PSYCHOLOGY. This might be rather unsurprising,
given that BIOLOGICAL PSYCHOLOGY is conceptu-
ally very close to NEUROSCIENCES — but let us
stress again that the very existence of such over-
laps does not fit comfortably with a Kuhnian ac-
count. However, the citations in EXPERIMENTAL
PSYCHOLOGY journals (N = 126) of NEUROSCI-
ENCES journals is also fairly high, at around 17.2%.

In comparison, PSYCHOLOGY journals get a lot
less citations from NEUROSCIENCES: on average,
barely 0.7% citations found in NEUROSCIENCES
journals target PSYCHOLOGY journals. Here, too,
the percentage varies greatly based on the PSY-
CHOLOGY subfield: while PSYCHOANALYSIS jour-
nals are almost never cited (0.003%), EXPERI-
MENTAL PSYCHOLOGY gets some attention, i.e.,
2.13% of the total citation output. To compare,

Percentage of out-going citations (references) to Psychology journals in Neuroscience journals

423 Neuroscience journals*

2.0% 4

% Psychology refs

1.0%

0.0% 4

2000 2010 2020

Publication year
— Psychology = = Psychology, Clinical — - Psychology, Experimental — Psychology, Psychoanalysis
Psychology ca‘[egcry -==- Psychology, Applied -+ Psychology, Developmental -—- Psychology, Mathematical — Psychology, Social
=== Psychology, Biological -=- Psychology, Educational ==+ Psychology, Multidisciplinary

* 50 journals that are both classified as Neuroscience and Psychology were removed.

Figure 2. Percentage of references in neuroscience journals pointing to psychology journals over time. The percentage
is calculated over the total references for each year. Note that the 50 journals that were classified as both neurosci-
ence and psychology were removed from the citing journals to avoid overestimation.
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consider that about 47% of the total citations from
NEUROSCIENCES journals point toward other
NEUROSCIENCES journals, 13% to CLINICAL NEU-
ROLOGY, and 9% to BIOCHEMISTRY & MOLECU-
LAR BIOLOGY.

This imbalance may reflect several factors. One
of them is probably an asymmetry in the prestige
and power of biomedical disciplines vis-a-vis the
social sciences, which is periodically lamented by
cognitive scientists coming from a psychological
background.” But we are reluctant to assign all the
weight to socio-political explanations of this kind
because other factors may weigh in, such as differ-
ent publishing and citation cultures. Disentangling
them goes way beyond the scope of our article.

Let us then come back to our initial question: is
the citational landscape we briefly surveyed sugges-
tive of the kind of ontological incommensurability
that a Kuhnian revolution would entail? We are in-
clined to say no. Intuitively, the imbalance in the ci-
tation quota going from EXPERIMENTAL PSYCHOL-
OGY to NEUROSCIENCES and vice versa might sug-
gest a hierarchy of power that can somehow be
squared with some kind of revolutionary narrative,
in which experimental psychologists are seen as the
remaining defenders of an old, defeated paradigm,
and hence “pay” their citation tribute to the winners,
i.e., the Neuroscientists.*?

Suggestive as this picture seems, it quickly fades
once we account for another dimension, that we
have not discussed thus far: the temporal dimension.
If a revolution had occurred, we would expect that
people in the winning paradigm — a sub-area of Neu-
roscience — would stop, or at least show a decrease in
citations of the old paradigm — somewhere within
the field of Psychology. But the opposite is true. That
is, the percentage of citations from NEUROSCIENCES
to PSYCHOLOGY has increased (cf. Figure 2). In par-
ticular, the number of NEUROSCIENCES journals that
quote EXPERIMENTAL PSYCHOLOGY journals tripled
during the years of the supposed Revolution.

Rest assured that an advocate of the “subjuga-
tion of Psychology” scenario outlined above will
insist on noting that the quota of citation going
from Psychology to Neuroscience is an order of
magnitude higher. And it progressively increased
over the same 40 years — in EXPERIMENTAL PSy-
CHOLOGY it almost doubled. And yet, while these
considerations may still count as evidence for
some prestige/power asymmetry — or for a fasci-
nation with some sort of positivist-flavored reduc-
tionism (if you prefer a theoretical reading over a
socio-political one) — we think that they hardly
support the claim that the rise of cognitive neuro-
science promoted incommensurability.

5 Are cognitive psychologists and cognitive
neuroscientists different people?

Let us now turn to a more direct question:

namely, are the communities of cognitive psy-
chologists and cognitive neuroscientists made up
by distinct researchers? Recall that Planck’s prin-
ciple allowed for some conversions, but not many,
since «it rarely happens that Saul becomes Paul.
What does happen is that its opponents gradually
die out, and that the growing generation is familiar-
ized with the ideas from the beginning>».* Some
rare exceptions are also tolerable: for instance, a
single scholar may continue to contribute to both
cognitive neuroscience and cognitive psychology
without invalidating the claim of revolution. But if
we take the claim seriously that, in general, cogni-
tive psychologists and cognitive neuroscientists ad-
here to competing paradigms in the Kuhnian sense,
we should consider this scholar to be a lonely mul-
tidisciplinary genius stoically resisting the modern
drive to specialization, a kind of bipolar Dr. Jeckyll
and Mr. (or Ms.) Hyde that works both for and
against each team. Conversely, if the proportion of
authors that work for both teams is not negligible, a
likelier explanation is that there have never been
two competing teams after all.

Our personal intuition strongly advises us that
nothing like the Planck principle obtained during
the so-called cognitive neuroscience revolution.
Quite to the contrary, we suspect that scholars
who identify as psychologists routinely get em-
ployed in neuroscience departments, if only to
switch back to psychology departments. And the
same holds for scholars who think of themselves
as neuroscientists.

A similar blend, we suspect, can be found in
publication venues. To verify our intuition, we
had to turn to another database, Dimensions. In
fact, compared to WoS, Dimensions allows for
more accurate identification of authors based on
standardized IDs.* Another interesting feature of
Dimensions is that, instead of using the journal
sector as a proxy for the disciplinary identity of
the paper it contains, Dimensions leverages a ma-
chine learning algorithm that assigns a paper to a
given scientific field, based on (a simplified ver-
sion of) the ANZSRC Fields of Research classifica-
tion.” The focus is on three fields of interest: Psy-
chology, Neuroscience, Cognitive Science. Ac-
cording to the classification performed by the al-
gorithm, from 1980 to the present day (December
15, 2021), 2,388,493 papers have been published
in Neuroscience, 2,421,160 in Psychology, and
713,394 in Cognitive Science. How many of them
were authored by scholars whose name figures in
more than one list? Were things different in 19802

In absolute terms, the number of authors who
have published at least one paper in two or even
three fields has increased hugely during these four
decades: the number of those who have published
at least one paper in both Cognitive Science and
Neuroscience increased by +801%; in Cognitive
Science and Psychology by +580%; and in Psy-
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chology and Neuroscience by a massive +1808%.
Moreover, we see an increase of +726% in authors
who have contributed at least one paper to each of
the three fields (cf. Table I). For the most part,
this inflation was simply driven by the number of
active scholars in each of the three disciplines. But
indeed, the very fact that this increase affects all
three disciplines seems at odds with a Kuhnian
reading of the cognitive neuroscience revolution,
which would rather predict a significant increase
in authors writing Neuroscience papers at the ex-
pense of increases in the authors of Psychology
papers, and especially Cognitive Science papers.

Table 1. Author statistics. The table provides a com-
parison of the number of authors who have signed at
least one paper in each of the three fields we are exam-
ining (Cog = Cognitive Science; Psy = Psychology;
Neuro = Neuroscience), as well as the number of au-
thors who have authored a paper in at least two fields,
or in all three. The classification of fields is taken from
Dimensions (see the Appendix for more details).

Areas #in 1980 #in 2020 Delta Delta %
Cog 11478 79 061 67583  +589%
Neuro 42281 408513 366232 +866%
Psy 28293 397879 369586 +1306%
Cog & Neuro 3136 25110 21974  +801%
Cog & Psy 8293 48095 39802  +580%
Psy & Neuro 3648 65956 62308  +1808%
Cog&Psy a4 16288 14044 +726%
& Neuro

Even when normalizing over the total number
of authors (of at least one paper) in Psychology
and Cognitive Science, the number of authors that
also published (at least one paper) in Neuroscience
increased, respectively, from 13% to 17% and from
27% to 32% (fig. 3). These are not small percent-
ages, and they continue to increase. Had a revolu-
tion occurred, the road to Damascus would be way
too overcrowded.

6 If not a revolution, then what?

To recap, in the introductory section we won-
dered whether the rise of cognitive neuroscience,
which is sometimes construed as a revolution
(most notably by Boone and Piccinini), would
qualify as a Kuhnian revolution, in which one par-
adigm is abandoned for another. We then hastily
pointed out, in the following section, that this is
not an easy question to answer, since the notions
of “paradigm” and “revolution” have no straight-
forward definitions — let alone operationalization.
However, we noted, two kinds of features may be
taken as heuristic cues that some sort of Kuhnian
paradigm-shift has occurred: incommensurability
and Planck’s principle. These two features cannot
be measured directly either. But by spotting an in-
crease in citation exchange we noted that, rather

than supplanting cognitive psychology and burn-
ing bridges to psychological communities, the rise
of cognitive neuroscience actually strengthened
communication with psychology — the contrary of
what one would expect from incommensurable
paradigms. Moreover, even accounting for the rise
in absolute numbers of scholars involved in the
study of mind and/or brain, the percentage of re-
searchers authoring works in multiple fields has
increased. Again, this pattern of data invites a nar-
rative of integration not revolution.

Admittedly, our arguments are far from con-
clusive: we could only tackle the issues of incom-
mensurability and Planck’s principle using proxy
data, which inherit the biases and distortions em-
bedded in the WoS and Dimensions databases.
We do not exclude the possibility that someone
will find new data, or even come up with a new in-
terpretation of ours, proving that the cognitive
neuroscience revolution is a revolution in a strong,
Kuhnian sense. They are very welcome to do so,
but we think that the burden of proof lies on their
shoulders. Until convincing counterarguments are
provided, it is better to avoid speaking of revolu-
tions. The influence of (the early) Thomas Kuhn
looms way too large over philosophy of science for
us to use word “revolution” without immediately
bringing his thesis to mind. In fact, authors who
talk about revolutions in neuroscience sometimes
feel the urge to suspend their judgments on the
revolutionary status of cognitive neuroscience,?
or supplement some caveats in a footnote.*® But
since, in some editorial formats, footnotes are sep-
arated from the relevant text by several pages, a
reader may miss them. And even if she reads them
properly, the ergonomic principles regulating
memory could easily conflate “a not-necessarily-
Kuhnian revolution” with “a revolution” plain and
simple, which may end up acquiring some feature
of Kuhnian ones a few months later. If a Kuhnian
notion of revolution is then taken seriously in de-
fining the syllabi for new generation of neurosci-
entists, it could legitimize neglecting knowledge
accumulated over decades of boxological cognitive
psychology. Thus, we deemed an explicit rejection
of this hypothesis based on arguments that can be
publicly debated to be potentially useful. Moreo-
ver, our rejection has motivated the search for an-
other narrative. What narrative?

Theoretical considerations and the pattern of
scientometric data we sketched above jointly in-
vite us to think of the passage from cognitive psy-
chology to cognitive neuroscience as one of pro-
gressive expansion and integration, rather than
abrupt rupture.

Of course, we are not the first to hold such as a
view. It is similar to what Bechtel had in mind
when he described the vertical expansion of the
original cognitive science research program® hap-
pening over twenty years ago. Or what led the
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neuroscientist Henson to downsize the fuss (both
positive and negative) over neuroimaging when he
claimed that «functional neuroimaging data
simply comprise another dependent variable,
along with behavioural data, that can be used to
distinguish between competing psychological the-
ories».** And indeed, why should the data collect-
ed using a functional hemodynamic technique be
qualitatively different from those we get from an
eye-tracker? More recently, even Mitkowski®' has
argued that computationalism — that is, the core
commitment of old-fashioned cognitive science —
has not been overturned by neuroscience, but ra-
ther evolved within it. Otherwise, a notion such as
canonical neural computation would never enjoy
the popularity it has nowadays.”> According to
Milkowski, the account of scientific progress that
best fits with this transformation is that of research
tradition.”® We are sympathetic to this choice, be-
cause research traditions (unlike Kuhnian para-
digms or Lakatos’ research programs) allow for
evolutionary changes to their core commitments.
Whatever notion one picks to describe it, the
resulting picture is one where researchers can
muster and compare data from different sources
so as to analyze cognitive phenomena from a vari-
ety of perspectives. Take the research program
undertaken by Keltner and Cowen. They seek to
go beyond the claustrophobic taxonomy of emo-
tions left by Paul Ekman’s (purely psychological)

Percentage overlap

40.0%

% of shared authors

20.0%

10.0%

legacy, Basic Emotion Theory. And they do so by
reporting consistent patterns from a huge variety
of sources, ranging from facial and vocal expres-
sion to neural markers.>

We want to point out that, by promoting the
idea that the passage from first wave cognitive
psychology toward cognitive neuroscience was
more fluid that revolutionary talk would imply, we
by no means intend to downsize its significance or
potential. Indeed, we acknowledge that new tech-
niques have yielded not only precious new data,
but also prompted us to rethink some key con-
cepts.

Arguably, a revolutionary narrative would
make it harder to account for the diachronic rela-
tionship between these disciplines. Thus, let the
sleeping Kuhnian concept lie.

7 Appendix: Data and methods

Data for the bibliometric analyses were ex-
tracted on December 15, 2021 from Clarivate
Analytics Web of Science (WoS) database
(https://www.webofscience.com/) and Digital Sci-
ence Dimensions database (http://dimensions.ai/).”
Queries were made through the SQL relational data-
base system hosted by the Centre for Science and
Technology Studies (CWTS) at Leiden University,
using the most recent versions available of Web of
Science and Dimensions. Micro data cannot be made

Field
— Cog and neuro

-- Psy and neuro

1980 1990 2000

Publication year

2010 2020

Figure 3. Shared authors between psychology and neuroscience, and cognitive science and neuroscience. Percentage of
authors who published at least one Neuroscience article (based on Dimensions categories) as well as one Psycholo-
gy article (dotted line) or one Cognitive Science article (solid line), amongst authors who published at least one

paper in the respective fields.
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publicly available due to their proprietary nature.

Web of Science data were used to generate the
journal bibliographic coupling map in Figure 1
and to analyze citation flows between psychology
and neurosciences. Dimensions data were used to
produce author statistics.

7. 1 Field delineation in WoS

Web of Science adopts a journal-level classifica-
tion system, meaning the basic unit of the classifica-
tion is the journal, not the individual publication.
Each journal covered by Web of Science is assigned
to at least one of the 254 WoS research categories.*®
For the field of psychology, Web of Science includes
11 research categories: “PSYCHOLOGY, “PSYCHOLO-
GY, APPLIED’, “PSYCHOLOGY, BIOLOGICAL’, “PSY-

»

CHOLOGY, CLINICAL’, “PSYCHOLOGY, DEVELOPMEN-
TAL”, “PSYCHOLOGY, EDUCATIONAL”, “PSYCHOLOGY,
EXPERIMENTAL”, “PSYCHOLOGY, MATHEMATICAL,
“PSYCHOLOGY, MULTIDISCIPLINARY, “PSYCHOLOGY,
PSYCHOANALYSIS”, “PSYCHOLOGY, SOCIAL”. 1028
journals are assigned to at least one of the previous
categories. 208 (20%) are assigned to more than one
category. No journal is assigned to more than 4 psy-
chology categories. For the field of NEUROSCIENCES,
Web of Science includes only the category “NEURO-
SCIENCES”. 473 journals are assigned to this research
category. 50 journals (corresponding to 5% of psy-
chology journals and 11% of neuroscience journals)
are assigned to both neurosciences and at least one
psychology category. Hence, our dataset includes
1451 unique journals that are classified either as psy-
chology or as neurosciences (cf. Table AI).

The downside of WoS classification system is
that all publications from a certain journal inherit the
categories of that journal, so that the within-journal
subject variation is lost. This may produce inaccu-
rate classification for multidisciplinary journals cov-

Table Al. WoS dataset descriptive statistics

ering a wide range of subjects. However, for biblio-
metric analysis at the field level, such as the one pre-
sented in this study, journal-level classification is
commonly considered sufficiently reliable and ap-
propriate for science mapping purposes.®’

7.2 Journal bibliographic coupling map

Science maps are visual representations of the
structure and dynamics of scholarly knowledge.
They aim to show how disciplines, fields, journals,
authors, keywords, or publications relate to each
other.”® For this study, we used journals as the unit
of analysis and citation-based relations among
journals (journal bibliographic coupling) as links.

Specifically, we generated a vector representa-
tion of the 1,451 journals in our dataset by extract-
ing from the WoS the list of journals cited by each
journal with the corresponding number of cita-
tions received by the citing journal. For instance, if
journal A cites journals X, Y, and Z 10, 20, and 30
times, respectively, its vector representation in the
cited space is a = [10,20,30]. If journals B cites
journals the same three journals but 10, 0 and 400
times respectively, its vector is, accordingly, b =
[10,0,40]. In this way, a citing-cited journals
asymmetric matrix C was generated, with 1,451
citing journals on the rows citing 30,529 distinct
cited journals on the columns. Each element o; of
the matrix contained the citation from journal i to
journal j. Clearly, when i = j, the element equals
the number of journal self-citations.

Then, the similarity between each pair of citing
journals (i.e., the rows of C) was calculated using
the association strength coefficient®, which is de-
fined as:

Cij

A(CU’SPSJ) = 5i5;

WosS category N Journals N pubs N references
PsYCHOLOGY 206 331,980 5,875,970
PsSYCHOLOGY, APPLIED 131 155,036 2,712,486
PsYCHOLOGY, BIOLOGICAL 37 92,328 1,652,999
PsycHOLOGY, CLINICAL 197 273,512 5,333,478
PsyCHOLOGY, DEVELOPMENTAL 120 168,776 3,852,113
PSYCHOLOGY, EDUCATIONAL 88 81,492 1,447,034
PSYCHOLOGY, EXPERIMENTAL 146 255,901 5,802,181
PSYCHOLOGY, MATHEMATICAL 18 31,676 361,938
PSYCHOLOGY, MULTIDISCIPLINARY 187 386,069 5,702,875
PSYCHOLOGY, PSYCHOANALYSIS 29 39,876 165,651
PSYCHOLOGY, SOCIAL 110 122,537 2,715,541
NEUROSCIENCES 473 1,568,006 44,047,235
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Figure A 1. Journal bibliographic coupling map with colors representing WoS research categories. Green corresponds to psy-
chology, red to neurosciences, and blue to journals classified in both categories. A colored interactive visualization can be

found at https://tinyurl.com/2278t32b

Where ¢; is the common number of out-going
journal citations shared by journals i and j (i.e., the
journal bibliographic coupling strength, which is
obtained by the post-multiplication of C for its
transpose C7), s; the total number of citations giv-
en by journal i (i.e., the i-row total in C) and s; the
total number of citations given by journal j (i.e.,
the j-row total in C).* In the example above, the
association strength between a and b is equal to

1300

60%50 = 043.

The similarities between each pair of journals
were arranged in a symmetric similarity matrix of
order 1451 x 1451 which was then visualized as a
network in Figure 1 using VOSviewer. Nodes rep-
resent the citing journals and links their mutual as-
sociation strength. Note that VOSviewer shows on-
ly the biggest component of the network (7 = 1341
journals on 1451). The VOSviewer algorithm,
which is based on a modified version of Multi-
Dimensional Scaling,’ places the nodes of the net-

Selection of journals Citing journals x cited

work by considering their similarity, so that similar
nodes are placed closer in the visualization. The size
of the nodes was proportional to the total link
strengths (i.e., the sum of the weights of the inci-
dent links of the node). Lastly, the Leiden clustering
algorithm,® which is based on the maximization of
a variant of standard network modularity, was used
to individuate clusters of similar nodes, that were
distinguished with different colors (the resolution
parameter of the algorithm was set to 1).

Based on the journal titles and our domain ex-
pertise, the various clusters or their sub-areas were
then mapped to psychology disciplines and labels
were overlaid on the map to obtain the final visu-
alization. In the alternative visualization (cf. Fig-
ure Al), by contrast, the WoS category of the
journals is represented by the color of the nodes.
Note that the blue journals, i.e., the journals be-
longing to both psychology and neurosciences, are
placed in the red cluster when VOSviewer cluster-
ing is used (cf. Figure 1 in the article). The schema
in Figure A2 provides an overview of the entire
methodology.

Normalization with Similarity matrix citing

based on WoS »

) Journals matrix
categories

h 4

the Association >
Strength coefficient

Journals x citing
journals

v
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VO Sviewer g °
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Figure A2. Methodology for the construction of the journal bibliographic coupling map
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7.3 Field delineation in Dimensions

Unlike WoS, Dimensions uses a publication-
level classification system. The system is based on
several categorization schemes used by funders
and institutions around the world, which are ex-
tended to new publications by a machine learning
algorithm.® In this study, we used the Field of Re-
search (FoR) system, from the Australian and New
Zealand  Standard Research  Classification
(ANZSRC), which covers all areas of research.®
The original FoR system had three hierarchical
levels (divisions, groups, and fields) but the im-
plementation in Dimensions uses only divisions
and groups. For psychology, we selected the
groups “1701 Psychology” (2,421,160 publica-
tions) and “1702 Cognitive Sciences” (713,394
publications), whereas we left out “1799 Other
Psychology and Cognitive Sciences” because of its
residual nature and scarce numerosity (3,670 pub-
lications). For the neurosciences, we selected the
group “1109 Neurosciences”, which contains
2,388,493 publications.

7.4 Author analysis

Compared with WoS, Dimensions provides
more accurate data for authorship analysis be-
cause it assigns standardized IDs to the authors of
publications, creating author profiles. This is cru-
cial for merging variants of the same name and to
disambiguate homonyms. The identification of
authors is performed algorithmically by Dimen-
sions, using a combination of data including exist-
ing person IDs (e.g., ORCID), name variants, affil-
iation data, research topics, journals, co-authors,
and active years. Unfortunately, this procedure
does not always succeed. According to the web-
site, Dimensions adopts a conservative strategy
for author disambiguation: if there is any doubt
about whether two name variants refer to the
same person or not, Dimensions does not merge
them. However, our experience with the database
shows that, especially with very common names,
incorrect merging can occur.

Due to these limitations with Dimensions, the
author statistics should be taken as including a
certain margin of error. Nonetheless, this margin
appears to be very small in proportion to the size
of the dataset and therefore does not invalidate
the statistical analysis.
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% The list of WoS research categories is available at the
URL: https://images.webofknowledge.com/images/
help/WOS/hp_subject_category_terms_tasca.html

57 Cf. L. LEYDESDORFF, 1. RAFOLS, A global map of science
based on the ISI subject categories; 1. LEYDESDORFF, B.
HAMMARFELT, A. SALAH, The structure of the Arts & Hu-
manities Citation Index: A mapping on the basis of aggregated
citations among 1,157 jounrnals.

8 Cf. E. PETROVICH, Science mapping.

% Cf. N.J. VAN EcCK, L. WALTMAN, How fo normalige
cooccurrence data? An analysis of some well-known similarity
measures.

6 Note that, since ¥ = [0.1], the association strength
can be considered as a normalization of the journal bib-
liographic coupling strength, which corrects for journal
size.

o0 Cf. NJ. VAN EcK, L. WALTMAN, Software survey:
V' OSviewer, a computer program for bibliometric mapping.

02 Cf. N.J. VAN ECK, L. WALTMAN, Citation-based clustering
of publications wusing CitINetExplorer and 17OSviewe; V.A.
TRAAG, L. WALTMAN, N.J. VAN ECK, From Louvain to
Leiden: gnaranteeing well-connected communities.

63 For more details, see https://dimensions.freshdesk.com/
suppott/solutions/articles/23000018820-which-reseatch-
categoties-and-classification-schemes-are-available-in-
dimensions-

4 For more details, see https://www.abs.gov.au/ausstats/
abs@nsf/0/6bb427ab9696c225¢a2574180004463c.  Note
that Dimensions implements the 2008 version of the FoR
system and not the 2020 versions.

65 https:/ / plus.dimensions.ai/ support/solutions/articles/
23000018779-how-are-researchers-unified-disambiguated-
in-dimensions-
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