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What happened to cognitive science?
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More than a half-century ago, the ‘cognitive revolution’, with the influential tenet ‘cognition is computation’, launched the
investigation of the mind through a multidisciplinary endeavour called cognitive science. Despite significant diversity of views
regarding its definition and intended scope, this new science, explicitly named in the singular, was meant to have a cohesive
subject matter, complementary methods and integrated theories. Multiple signs, however, suggest that over time the prospect
of an integrated cohesive science has not materialized. Here we investigate the status of the field in a data-informed manner,
focusing on four indicators, two bibliometric and two socio-institutional. These indicators consistently show that the devised
multi-disciplinary program failed to transition to a mature inter-disciplinary coherent field. Bibliometrically, the field has been
largely subsumed by (cognitive) psychology, and educationally, it exhibits a striking lack of curricular consensus, raising ques-

tions about the future of the cognitive science enterprise.

exciting prospect of investigating “the mind” scientifically, in

a well-integrated interdisciplinary field with a coherent sub-
ject matter, common research questions, complementary methods
and theoretical developments'-®. Motivated by the shared urge to
overcome the limitations of behaviourism that ruled mid-twen-
tieth-century psychology*® and fuelled by the emergence of the
computer technology of the 1940s and 1950s, this revolution was
largely driven by the tenet that ‘cognition is computation of rep-
resentations’ and the view that the mind is fundamentally a com-
putational entity’. The enterprise led to the creation of a new field
named ‘cognitive science’.

Although from the outset there was substantial diversity among
the cognitive science community regarding the scope and aims of
the field***, a salient conceptualization of the field envisioned it as
the product of fruitful interactions between six main disciplines:
psychology, linguistics, artificial intelligence, anthropology, philoso-
phy and neuroscience. This multidisciplinary research program has
been since iconically depicted as a regular hexagon>>*' (Fig. 1a),
which has continued to be emblematic of the field until today''. The
new science was deliberately labelled in the singular form to reflect
a strong commitment with achieving an integrated and cohesive
research program. Crucially, ‘science’ in cognitive science has had
a specific unifying connotation, not implied in other fields such as
computer science, developmental science or data science. One of
the most authoritative histories of the field named this promising
new enterprise “the mind’s new science™.

Over the decades, however—40 years since the creation of the
journal Cognitive Science in 1977 and of the Cognitive Science
Society in 1979—the field as a whole seems to have lost impetus,
focus and recognition. Contrary to enthusiastic initial predic-
tions, after the creation of the first Ph.D.-granting cognitive science
department at the University of California (UC), San Diego in 1986,
only a handful of equivalent departments have been created since.
Of the 131 R1 research universities in the United States (i.e., those
with the “highest research activity”)'?, less than 15% have a program
granting a bachelor’s degree in the field. Some offer a ‘cognitive
science track in psychology’ (for example, Harvard University'’)
or offer a degree under a different name altogether, despite cov-
ering significant overlapping content (for example, the Symbolic

_|_he cognitive revolution of the 1950s and 1960s brought the

Systems program at Stanford University'!). In addition, the Web
of Science database indexes journals with “cognitive science” in
their name simply as “experimental psychology”"”. Even the pub-
lisher of both journals of the Cognitive Science Society (Cognitive
Science: A Multidisciplinary Journal and Topics in Cognitive Science)
not only does not list cognitive science among its nearly 300 main
subjects, but lists it under one of the 13 subcategories of psychol-
ogy: “cognitive psychology” (https://www.wiley.com/en-us/sub-
jects; https://www.wiley.com/en-us/Cognitive+Science+A-+Multi
disciplinary+Journal-p-9780JRNL71158;  https://www.wiley.com/
en-us/Topics+in+Cognitive+Science-p-9780JRNL71172; retrieved
3 August, 2018). Furthermore, bibliometrically, by the year 2000 the
field’s flagship journal Cognitive Science had decreased its interdis-
ciplinarity, with the journal becoming barely distinguishable from
journals in cognitive psychology'>'°—a pattern given as an example
of failed interdisciplinary integration'”. Overall, considering how
and by whom cognitive science is taught at universities and col-
leges, undergraduate curricula and faculty backgrounds give the
impression that cognitive science has gradually turned its unified
effort into an eclectic group of academic practices that no longer
have clear common goals, research questions or theories. Indeed,
the label ‘cognitive scientist’ today is often used as a catch-all des-
ignation to label (or self-label) scholars with a dizzying array of
unrelated interests and theoretical orientations. Importantly, many
universities and research institutions around the world today seem
to be producing exciting and successful cross-disciplinary mind-
related work in a non-normative manner, outside (or without the
need) of cognitive science.

Given this picture—nearly half a century after the institution-
alization of cognitive science—the natural question to ask is, ‘what
happened to cognitive science?” Does cognitive science (in the sin-
gular) still exist as a coherent academic field with a well-defined
and cohesive interdisciplinary research program? If it does not—or
if multiple cognitive sciences have emerged—how does the state of
the field today compare to predictions made by early commentators
and enthusiasts of the field? In this article we attempt to respond
to these questions in a data-informed manner with on-the-ground
facts. We examine four indicators: two bibliometric indicators that
analyze the affiliation of authors in the journal Cognitive Science and
the citation environment of this journal, and two socio-institutional
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Fig. 1| The multidisciplinarity of cognitive science. a, The ‘Cognitive
Science Hexagon', redrawn from the original cover of the Sloan
Foundation’s 1978 State of the Art Report on Cognitive Science®, which
was later reproduced in many other venues>>°". It depicts a regular
hexagon representing the six disciplines that are said to contribute to

the constitution of the field of cognitive science. (Redrawn and adapted
with permission from ref. ¢, Wiley.) b, A graphic representation of the
diversity of views in the cognitive sciences published in 1991 by Varela,
Thompson, and Rosch? (p. 7). The original caption reads, “a conceptual
chart of the cognitive sciences today in the form of a polar map, with

the contributing disciplines in the angular dimensions and different
approaches in the radial axis"*' (p. 7). Note that, to capture the wide
diversity of approaches, the authors use the plural form for cognitive
sciences. Also, by that time the contributions of anthropology to the field
had been rather minimal to have granted, in the authors’ mind, an angular
dimension for it in the chart. (Redrawn and adapted with permission from
ref. 2!, MIT Press.)

indicators that analyze the doctoral training of current cognitive
science faculty and the current undergraduate cognitive science
curricula in North America.

The challenge of achieving interdisciplinary coherence:
difficulties from the beginning

Cognitive science is a product of the 1950s in North America,
when psychology, linguistics and anthropology were redefining

PERSPECTIVE

themselves and when computer science and neuroscience were
emerging on the academic scene’. While working definitions of cog-
nitive science vary widely, highly influential early proposals were
built on the cornerstone belief that “thinking can best be understood
in terms of representational structures in the mind and computa-
tional procedures that operate on those structures™® (p. 10). As such,
cognitive science has been defined as “the study of intelligence and
intelligent systems, with particular reference to intelligent behaviour
as computation™ (p. 1). Defining the purview of the field, however,
has been anything but simple. In his influential 1987 book Mind’s
New Science, Howard Gardner notes that “since the term cognitive
science first began to be bandied about in the early 1970s, dozens of
scientists have attempted to define the nature and scope of the field™
(pp. 5-6; emphasis in original). While recognizing the diversity of
views in the field, he characterized some essential original features
of the cognitive-scientific enterprise, where at the top we find* (p. 6):

1. “the belief that, in talking about human cognitive activities, it
is necessary to speak about mental representations and to posit
a level of analysis wholly separate from the biological or neu-
rological, on the one hand, and the sociological or cultural,
on the other”

2. “the faith that central to any understanding of the human mind
is the electronic computer”

3. “the deliberate decision to de-emphasize certain factors ...
[including] the influence of affective factors or emotions,
the contribution of historical and cultural factors, and the
role of the background context in which particular actions or
thoughts occur”

Many scholars today may not agree with these original tenets,
but beyond the diversity of definitions that have been offered over
the years, what can be retained is that cognitive science has had a
strong commitment with the notion of ‘mental representation’ and
with the constitutive role played by the computer (and computa-
tion) in the development of the field’s body of knowledge. These
elements have constituted a central component of what philosopher
of science Imre Lakatos called the “hard core” of a field’s research
program: basic tenets and conjectures that are not meant to be chal-
lenged or refuted if the research program is to be successful”. Thus,
some have noted that cognitive science “pays particular attention
to intelligent behaviour as computation and is thereby associated
with machines that can compute™ (p. IX); others, that in the field,
“an important pole is occupied by artificial intelligence—thus the
computer model of the mind is a dominant aspect of the entire
field™*' (pp. 4-5); and others, that cognitive science holds general
“assumptions that the mind is (1) an information processing system,
(2) a representational device, and (3) (in some sense) a computer™
(p. XIII). This general characterization is also found in more recent
influential publications, such as Margaret Boden’s 2006 monumen-
tal two-volume history of cognitive science: “The field would be
better defined as the study of ‘mind as machine’ ... More precisely,
cognitive science is the interdisciplinary study of mind, informed
by theoretical concepts drawn from computer science and control
theory” (p. 12; emphasis in original).

What concerns us here is that by the 1970s serious difficulties
had already emerged regarding the question of how, based on the
above foundational features, the contributing disciplines would
mesh in a coherent manner. Referring to an important 1978 report
involving the Sloan Foundation—which provided crucial funding
for establishing cognitive science®—Gardner wrote that “tensions
about what the field is, who understands it, who threatens it, and in
what direction it ought to go were encountered at every phase of the
Sloan Foundation’s involvement (and have continued to be to this
day)” (p. 36) and added, “the community-at-large adopted a dis-
tinctly negative view of the report. In fact, such virulent opposition
was expressed by so many readers that, counter to original plans,
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the document was never published. ... Moreover, there is as yet no
agreed-upon research paradigm—no consensual set of assumptions
or methods—and so cognitive scientists tend to project their own
favorite paradigms onto the field as a whole. In view of these factors,
it was probably not possible in 1978 to write a document that would
have won the support of a majority of cognitive scientists™ (p. 37).

In the 1980s and 1990s, coherence and integration appeared
even less achievable as dissatisfactions with the reductionistic
initial tenets of the cognitive revolution (sometimes referred to
as ‘cognitivism’™'; Fig. 1b) led to the emergence of new views,
methods and approaches that challenged the very foundational
features mentioned above. For instance, inspired by the rich
interconnectivity of the nervous system, new frameworks such
as ‘connectionism’ (also called ‘emergence’”; Fig. 1b) and ‘paral-
lel distributed processing’** challenged the basic assumption that
the mind performed computations serially and thereby radically
changed the essential notion of mental representations; ‘situated
cognition’ posited that cognition does not exist in a vacuum and
is fundamentally tied to background and context*-*; ‘distrib-
uted cognition’ argued that cognition does not simply reside in
individuals’ heads but is essentially distributed among agents
and environments®>**; ‘embodied cognition’ advanced the theory
that cognition is inherently grounded in bodily features and does
not work in terms of amodal representations**~**; and ‘enactive
cognition’ rejected altogether the fundamental tenet that mental
representations are essential for understanding cognition***=
(Fig. 1b). With such fundamental theoretical challenges raised at
various levels, and the progressively diverging proposed courses
of action that those challenges inspired, the prospect of a coher-
ent and integrated interdisciplinary science of the mind became
increasingly elusive. In Lakatos’ terms, these cumulative funda-
mental challenges were addressed to the hard core of the research
program—a recipe for an unsuccessful research program. Thus,
by the 1980s and 1990s it was common to read that in cognitive
science “there is very little, if any, consensus concerning a set of
more specific goals and meta-theoretical assumptions that could
define a coherent field of inquiry”* (p. 16); that cognitive science
“is not yet established as a mature science ... rather, it is really
more of a loose affiliation of disciplines than a discipline of its
own”?' (pp. 4-5); or that “cognitive science is ... a perspective,
rather than a discipline in any conventional sense” (p. IX). The
dispersion and multiplicity of theoretical views—some mutually
inconsistent—that could already be observed by that time is cap-
tured by the chart in Fig. 1b, originally published by Francisco
Varela and colleagues in 1991°"%.

As has been attested by many scholars, there is no doubt that
cognitive science has been multidisciplinary from its birth"'>4-*.
Cooperation among disciplines, however, does not imply coher-
ent interdisciplinary integration'® (Box 1). In the 1980s, Gardner
made this clear with a sharp distinction between the prospective
paths for a weak and a strong cognitive science. The former sim-
ply “calls for cooperation among the six member disciplines ...
[which] is quite possibly the norm today but scarcely warrants the
label of an important new science™ (pp. 389-390). By contrast,
“in a stronger, more gritty version of cognitive science, there will
be gradual attenuation of disciplinary boundaries and loyalties.
These will be replaced by a concerted effort by scientists com-
mitted to a representational account to model and explain the
most crucial human cognitive functions™ (p. 390). It is the strong
version that concerns us here, as the goal of the important new
science of the mind was “to blend together into one seamless
Cognitive Science™ (p. 389)—hence its singular form. This would
manifest not only in its research activities but also in the formation
of new generations of scholars via well-integrated academic pro-
grams and coherently designed curricula at both undergraduate
and graduate levels.

784

Box 1| Multidisciplinarity vs interdisciplinarity

When referring to the collaboration and exchange between
academic disciplines, the terms cross-disciplinarity, pluridisci-
plinarity, multidisciplinarity, interdisciplinarity and transdisci-
plinarity are commonly used. These terms, however, are often
ambiguously defined and employed interchangeably'. For the
purposes of this article we mainly use two of these terms—mul-
tidisciplinarity and interdisciplinarity—which, respectively,
capture the distinction by Gardner’ between weak and strong
cognitive science.

Multidisciplinarity “draws on knowledge from different
disciplines but stays within their boundaries™® (p. 351). In
multidisciplinary endeavours “the subject under study is
approached from different angles, using different disciplinary
perspectives. However, neither the theoretical perspectives nor
the findings of the various disciplines are integrated in the end™"
(p. 706). In contrast, interdisciplinarity “analyzes, synthesizes
and harmonizes links between disciplines into a coordinated and
coherent whole™* (p. 351). Interdisciplinary research “creates
its own theoretical, conceptual and methodological identity.
Consequently, the results of an interdisciplinary study ... are
more coherent and integrated”’® (p. 706). The corresponding
prefixes, ‘multi’ (many) and ‘inter’ (between), encompass the
essence of the difference between the two concepts: while
multidisciplinary simply refers to a collection (of disciplines)
with an additive effect, interdisciplinarity refers to the cohesive
interaction between them.

Multidisciplinary ~ endeavours may  develop into
interdisciplinary ones, but since the latter demands a more
sophisticated level of integration, the potential passage from one
to the other is non-trivial. The disciplinary, multidisciplinary,
and interdisciplinary dynamics of research fields over time have
been studied in scientometrics via bibliometric indicators'®!"*".
An important finding in this area is that multidisciplinary fields
are dominated by the traditional disciplines in the collaborative
environment and tend to depend on them (for example,
psychology, in the case of cognitive science)'>'°. Interdisciplinary
fields, on the contrary, present modes of knowledge production
that tend not to depend on the traditional disciplines, and they
exhibit a communication system that is similar to the patterns
of (mono)disciplinary fields'. According to these definitions,
and to scientometric findings, cognitive science started as a
multidisciplinary endeavour (equivalent to Gardner’s weak
version?), but over the decades did not achieve interdisciplinarity
(Gardner’s strong version’) as an integrated, coherent “one
seamless Cognitive Science™ (p. 389).

Four indicators, bibliometric and socio-institutional

Authors’ affiliations in Cognitive Science. Building on the enthu-
siasm of the 1960s and 1970s, the journal Cognitive Science was
launched in 1977 with a clear multidisciplinary perspective in mind’,
becoming the flagship journal of the Cognitive Science Society that
would be founded two years later. Although the term ‘multidisci-
plinary’ has appeared in the journal’s subtitle from the beginning,
the relative contribution from the various founding disciplines is less
clear. In 1998, a report indicated that from the start—and consistently
for the two decades that followed—contributions to the journal had
been consistently unbalanced, dominated by authors with affiliations
in psychology and computer science®. Later, Gentner® observed fur-
ther sharpening of the disciplinary distribution, with psychologists
steadily increasing their presence by the 2000s. In this section, we
further investigate this question by looking in detail at all research
articles and commentaries published in Cognitive Science after 2000.
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Fig. 2 | Four indicators of the status of cognitive science. a-d, The top
two are bibliometric indicators; the bottom two are socio-institutional
indicators. (a) The affiliation of authors in the journal Cognitive Science,
(b) the citation environment of this journal, (¢) the doctoral training of
current cognitive science faculty and (d) the curriculum composition of
current undergraduate cognitive science programs in North America. The
top bars show the overall distribution of disciplinary contributions to each
indicator. The hexagons represent the relative contribution from the six
core disciplines. Moving outwards, each hexagonal ring represents a 10%
increment. A balanced distribution across core disciplines would follow
the pattern indicated by segmented lines (i.e., ~16.6% per discipline),
corresponding to the ideal cognitive science hexagon (Fig. 1a). For data-
gathering details, see Supplementary Information. Taken together, these
data systematically show that the prospect launched by the cognitive
revolution more than half a century ago of a distinct, unified and coherent
interdisciplinary seamless cognitive science’ did not materialize. Phil,
philosophy; ling, linguistics; anthro, anthropology; neuro, neuroscience;
Al/CS, artificial intelligence and computer science; psych, psychology;
UCSD, UC San Diego; JHU, Johns Hopkins University; RPI, Rensselaer
Polytechnic Institute; CEU, Central European University; UCSC, UC Santa
Cruz; Queen’s, Queen's University; Richmond, University of Richmond.

We analyzed 1,020 articles in total and tallied which disciplines
were represented by all authors’ affiliations (see details of data col-
lection and processing in Supplementary Information). Overall,
data show that after 2000, less than 10% of affiliations came
from departments or programs in cognitive science. Confirming
Gentner’s observations’, authors with psychology affiliations have
continued to be consistently overrepresented among the core dis-
ciplines—by nearly 4 times their expected share (Fig. 2a)—making
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up more than half of the affiliations in Cognitive Science (Fig. 2a
and Supplementary Fig. 1). In stark contrast, anthropologists and
philosophers are functionally absent in the journal, accounting for
just 1% and 3% of the total affiliations, respectively. Interestingly,
affiliations in neuroscience are also underrepresented in the jour-
nal (7%), despite our generous search criteria, which included
generic terms such as ‘biology’, ‘physiology’, ‘brain’ and ‘neuro. We
also observe a small contribution from authors with affiliations
in computer science (8.5%). This is particularly noteworthy given
that our search included the term ‘artificial intelligence} one of the
founding subfields of cognitive science. Overall, the disciplinary
distribution of affiliations of Cognitive Science authors has been
consistently characterized by strong lop-sidedness over the years
(Supplementary Fig. 1).

Journal-journal citation patterns and environments: scientometrics.
An important indicator of the status of any research program or
discipline is provided by bibliometric quantitative analysis of jour-
nal citation patterns and environments'”*-**—the subject matter
of scientometrics®*?. While investigating the passage dynamics
from multidisciplinarity to interdisciplinarity integration, Van den
Besselaar and Heimeriks'® studied the journal-journal communica-
tion network of several research fields, including cognitive science.
Through a factor analysis on the cross-citation patterns of a group
of journals with Cognitive Science as the entrance journal, covering
the period 1982-1998, they found that the field’s flagship journal
had not developed a stable relational citation environment, a typical
multidisciplinary pattern. Rather, the environment had fluctuated
between factors characterizing the areas of cognitive psychology and
artificial intelligence. They noted that some fields may evolve from
an unstable multidisciplinary state into more mature and coher-
ent interdisciplinary modes of knowledge production (see Box 1)
—which usually do not depend on the traditional disciplines—but
that this was not the case for cognitive science. These findings were
corroborated in another study that performed factor analysis on
data from the years 1988, 1998 and 2007, with the added observa-
tion that by 2007 Cognitive Science’s citation environment had radi-
cally changed as computer science and related fields became less
central and the journal became part of the cognitive psychology
factor. Later, Leydesdorff and Goldstone'” analyzed the knowl-
edge base of the literature in Cognitive Science over three decades
(1980-2011), using the citation pattern in the journal. For the 1980s
and 1990s, their findings are consistent with previous reports'®, as
they observed that in the 1980s Cognitive Science was in a phase of
construction of the interdisciplinary space and in the 1990s it was
developing an interdisciplinary orientation. Crucially, however, and
concurring with the above results™, they observed that by the 2000s
Cognitive Science had not increased but rather had decreased its
interdisciplinarity and the journal had been absorbed by cognitive
psychology—a monodisciplinary endeavour. These citation pat-
terns have been characterized as a clear example of failed interdisci-
plinary integration': emergence of multidisciplinarity, followed by
unstable development and eventual disappearance®.

Here we extend the above research and look at the citation envi-
ronments in Cognitive Science for the years 2000, 2007 and 2014.
Retrieving data from Journal Citation Reports and following estab-
lished scientometric methods'®™, we performed principal com-
ponent analyses on the covariance matrices of Cognitive Science’s
outgoing and incoming citation matrices (details in Supplementary
Information) and submitted them to hierarchical clustering. These
matrices provide valuable and dynamic information about the
knowledge base of the journal (outgoing citations) and the audi-
ence of the journal (incoming citations). Results, rendered as den-
drograms (Fig. 3 and Supplementary Fig. 2, for outgoing citing and
incoming cited data, respectively), were consistent with the earlier
findings described above. In all 3 years, the journal’s citation
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Fig. 3 | The citation environment of the journal Cognitive Science for the years 2000, 2007 and 2014. For each of the 3 years examined, the environment

shows a dominance of psychology journals

a nearly complete lack of anthropology and philosophy journals, and a weak presence of neuroscience journals.

'

Over the years the number of journals in the citation environment decreases and becomes less diverse. The figure shows dendrograms (hierarchical

clustering) for these years based on citing data (reflecting the knowledge base of the journal) from the Journal Citation Reports. Journals that are clustered

together show similar citation patterns. To facilitate visualization, clusters are coloured (here with a dissimilarity threshold set at 0.69; colours themselves
have no meaning). By 2014 the journals are clustered in a much more defined manner than in the previous years (Supplementary Fig. 3a), and are primarily

psychology journals. The bar graphs below each dendrogram show the percentages of Cognitive Science's total outgoing citations for the given year that go

to each of the journals in the environment. The ranks of the 20 journals most cited by Cognitive Science that year appear next to the longest bars (red, 1-10;

blue, 11-20). By 2014 the highest volume of citations goes to the dominant psychology cluster, to which Cognitive Science belongs. The results confirm

both the overrepresentation and siloing of psychology, as well as the decline in interdisciplinarity in the knowledge base of cognitive science’s literature.

(A similar pattern is observed for incoming citations (audience of the journal); see Supplementary Figs. 2 and 3b.)
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environment showed a complete lack of anthropology and philoso-
phy journals, a weak presence of neuroscience and an overrepresen-
tation of psychology journals. Moreover, across the analyzed period,
the number of journals in the citation environment shrank by 23%.
This reduction was not uniform; the environment became less
diverse, as computer science and other miscellaneous journals were
no longer present. Figure 2b shows the disciplinary contribution to
the citation environment for the year 2014 (see Supplementary Table 3
for details). Crucially, in both outgoing and incoming citations,
the multiple clusters observed in 2000 and 2007 were considerably
reduced and more clearly formed by 2014 (Fig. 3 and Supplementary
Figs. 2 and 3), with a solid presence of Cognitive Science in a cogni-
tive-experimental psychology cluster. Corresponding to each den-
drogram in Fig. 3 and Supplementary Fig. 2 is a bar graph showing,
respectively, the percentages of Cognitive Science’s citations given to
or received from each journal in the environment for a given year.
They confirm that by 2014 there was a solid overrepresentation
of psychology, tighter sub-communities within Cognitive Science’s
citation environment and a decline in interdisciplinarity in both the
knowledge base and audience of cognitive science’s literature: the
highest volume of citations went to and were received from the large
psychology clusters.

The doctoral training of cognitive science’s faculty today. For an
academic field to function with a self-sustaining research program,
an infrastructure of researchers and teaching faculty able to train
future generations is critical. In cognitive science, early visionaries
predicted that this infrastructure would originally be built in the
form of departments and programs led by faculty originally trained
in the six founding disciplines represented on the cognitive science
hexagon (Fig. 1a). Initially dominated by faculty with backgrounds
well-distributed through the hexagon, these programs would even-
tually transcend the disciplinary boundaries of their founders as
a new generation of scientists trained from the onset to engage in
a strong disciplinary version of cognitive science takes the reins’.
A glimpse at faculty educational backgrounds in current Ph.D.-
granting departments of cognitive science provides evidence that
this prediction has not been fulfilled.

We collated (as of April 2018) the publicly available educational
histories of all active faculties in the four departments of cogni-
tive science that grant a Ph.D. degree: Johns Hopkins University,
Renssaeler Polytechnic Institute, UC San Diego and the Central
European University in Budapest. To our knowledge, these are the
only departments of cognitive science as of 2018 (not named in
plural and/or in conjunction with ‘brain, ‘psychology, etc.), which
maintain a full-time faculty and offer a doctoral level degree in cog-
nitive science (details in Supplementary Information). Data reveal
that faculty who received Ph.D. training explicitly in cognitive sci-
ence remain a decided minority in all departments (<10% of total
of 55 faculty; Fig. 2¢). If a gradual erosion of disciplinary boundaries
has simply occurred much slower than anticipated, we would still
expect a relatively homogenous distribution of Ph.D. backgrounds
of the remainder of the faculty. But this is not what we observe
(Fig. 2¢). The most consistent feature across departments is the
overrepresentation of faculty with training in psychology and
the complete lack of faculty with a background in anthropology.
Moreover, the distributions of faculty with backgrounds in neuro-
science, linguistics and computer science vary drastically across the
departments, with each constituting as little as 0% in one depart-
ment and more than 20% in another (Fig. 2¢). In no department do
faculty represent the interdisciplinary distribution envisioned in the
1970s and 1980s”.

Cognitive science curricula across universities in North America.
Undergraduate curricula reflect disciplinary views and values
and form the foundation for future researchers and practitioners
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in established fields’>**: a curriculum is a constitutive part of the
definition of a field. Therefore, a crucial indicator for assessing
the current state of cognitive science is the training undergraduate
students receive in the field. If a strong cognitive science currently
exists as a coherent field, we would expect to see that reflected in
the curricula of programs that offer a degree in cognitive science.
Specifically, we would expect that undergraduates who are granted
this degree receive the majority of their core training through cog-
nitive science courses. Alternatively, if a weaker version of cognitive
science is the norm, we would at least expect to see all six of the
main disciplines reflected in systematic and balanced ways in the
curricula of degree-granting institutions.

We examined the coursework requirements of the 33 North
American institutes of higher education that, to our knowledge, grant
Bachelor’s degrees in cognitive science (this excluded institutions
that only offer a ‘minor’ or issue a ‘certificate’; see Supplementary
Information for details). The institutions were gathered from lists
available as of May 2018 from The College Board (https://www.
collegeboard.org) and the Cognitive Science Society’s “Academic
Programs in Cognitive Science” webpage™. For each university, we
accessed the degree requirements posted on the program’s website
and examined the core requirements for the major (the courses that
all undergraduate cognitive science majors need to take to receive
the cognitive science degree). Specifically, for each institution, we
counted the number of courses in cognitive science and in each
of the core disciplines that all cognitive science majors would be
exposed to. To capture different aspects of the curriculum imple-
mentation, we did this in terms of content and by the department
which hosted each course (details in Supplementary Information).
From this, we determined the proportion of the total core curricu-
lum occupied by each field.

Contrary to what would be expected of a distinct unified field—
36 years after the initial granting of an undergraduate degree in
cognitive science (Vassar College, 1982)”—we found that on aver-
age only 32% of the core material that cognitive science majors
are exposed to is in cognitive science (Fig. 2d and Supplementary
Fig. 4). Strikingly, we found seven universities in which students
can receive a degree in cognitive science without ever taking a
single course explicitly labelled as cognitive science (Fig. 4a). Thus,
at the majority of institutions, students receive most of their core
training in fields outside of cognitive science, through courses that
are outsourced to other departments. These outsourced require-
ments indicate two things. First, there is a markedly uneven dis-
tribution of required coursework across the six main disciplines
(Fig. 2d). The majority of the core curriculum comes from psychol-
ogy, with most students receiving significantly less instruction in
linguistics, philosophy and neuroscience. Notably, we didn’t find a
single institution that required cognitive science majors to take a
courseinanthropology (although several programsincluded optional
anthropology courses). Second, we observe a striking lack of coher-
ence in degree requirements across institutions (see examples in
Fig. 2d). For instance, most of the core curriculum at UC Santa
Cruz comes from psychology, while at Queen’s University the only
founding discipline represented in the curriculum is artificial intel-
ligence (which, meanwhile, is nowhere in the core requirements at
the other example institutions). In fact, we were unable to identify
a single content area that was common to all cognitive science core
requirements (Fig. 4b). The curricular data from North American
universities do not support the existence of a coherent and unified
seamless cognitive science’.

Discussion

What happened to cognitive science? All indicators analyzed
here—bibliometric and socio-institutional—point systematically
in the same direction. The prospect launched by the cognitive
revolution of a unified and coherent interdisciplinary seamless
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Fig. 4 | The current undergraduate cognitive science curriculum in North
America. a, Percent of required coursework per university or program
offering a Bachelor's degree in cognitive science that is explicitly about
cognitive science (for example, either listed as a ‘COGS XXX’ course, or
mentioning ‘cognitive science’ in the title while being offered in other
departments). Only 8 institutions (24%) require more than 50% of
coursework to be explicitly about cognitive science. Strikingly, 7 schools
(21%) require no explicit cognitive science course to obtain a degree in
this field. Overall, 18 institutions (55%) require only 25% or less of the
courses to be about cognitive science. b, Percent of schools whose core
requirements do not include courses in the listed disciplines. No school
includes anthropology courses in the core requirements, and 21% of
schools do not have cognitive science in the core requirements. No field
is systematically present in the core requirements of schools offering a
Bachelor's degree in cognitive science. Indeed, no field is present in more
than 80% of these schools.

cognitive science’ did not materialize. There have never been
more than a handful of Ph.D.-granting departments, and today,
contrary to predictions, their faculty is still primarily trained
in the traditional founding disciplines and is markedly unevenly
distributed. This distinguishes cognitive science from mature
fields such as mathematics, psychology, philosophy, computer
science or linguistics, where faculty normally hold doctoral
degrees in the corresponding field. Tellingly, undergraduate pro-
grams in cognitive science are far from showing a coherent and
consistent curriculum. Our Ph.D. background and undergradu-
ate curricular data appear to largely concur with and validate
scientometric methods for investigating the development of sci-
entific disciplines and research programs'>'®>. Indeed, biblio-
metrically, affiliation and publication patterns in the flagship
journal of the Cognitive Science Society show that the field has
been essentially absorbed by psychology, and the journal does
not directly contribute to advances in brain research, or to many
(if any) advances in anthropology or philosophy. In general,
(cognitive) neuroscientists choose to publish outside of cognitive
science journals.
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The cognitive science enterprise faced, from the start, substan-
tial challenges to integration. Over the decades, things became ever
more elusive. Steady challenges to the fundamental tenets of the
field?2»20253655-%0 " fajlures in classical artificial intelligence han-
dling common sense and everyday language® -, major difficulties
in integrating cultural variation and anthropology®-®, as well as
developments in brain research’”!, genomics’>”* and evolutionary
sciences®’*”* seem to have gradually turned the enthusiastic initial
common effort into a rather miscellaneous collection of academic
practices that no longer share common goals and paradigms.
Indeed, in scientometrics®*?, unlike successful cases of interdis-
ciplinary integration such as biochemistry, cognitive science has
been referred to as the textbook case of failed interdisciplinarity
and disappearance'”*.

This failed integration has also been aggravated by the fact that
over the years the term ‘cognitive’ has become highly polysemous
and theoretically loaded, even in inconsistent ways. For instance,
in cognitive psychology it primarily denotes information-process-
ing psychology, following influential work in the 1960s7 that saw
cognitive science as essentially the marriage between psychology
and artificial intelligence””®, in which neuroscience and the study
of culture played virtually no role. Thus, cognitive psychology
doesn’t just designate a subfield of psychology that studies cogni-
tion and intelligence. Rather, it usually refers to a specific theoretical
approach and research program in psychology’®”. As a conse-
quence, research on thought, language and reasoning based on, say,
the work of Jean Piaget®™™ or Lev Vygotsky****—who studied the
psychology of thought, reasoning, and language—is normally not
considered cognitive psychology. Indeed, in recent cognitive psy-
chology textbooks, the work of these great pioneers is not even men-
tioned”. When attached to linguistics, ‘cognitive’ denotes an entirely
different thing. ‘Cognitive linguistics’ refers to a specific field that
emerged in the 1980s%* as an explicit alternative to Chomskian
linguistics”~”, defending the view that language is not a special-
purpose module but is governed by general principles of cognition
and conceptualization®”. Thus, the term ‘cognitive’ in cognitive
linguistics designates a school in linguistics that it is fundamentally
opposed to—and inconsistent with—Chomskian linguistics, which,
with its formal treatment of language, had appealed to the computer
scientists, anti-behaviourist psychologists and analytic philosophers
of the 1950s and earned it a privileged founding role in cognitive
science in the first place>’.

Another founding role was played by psychology, which, accord-
ing to previous findings®'>'*** and the indicators analyzed here, has
become decidedly overrepresented in cognitive science. But rather
than being a “conquest™ of the field, there seems to be a progres-
sive disinterest on the part of other disciplines in investigating the
mind in terms of the computationalist-representationalist tenets
defined by the cognitive revolution. The recent announcement for
the Cognitive Science Society 2017 meeting crystallizes this situa-
tion today: “computation can serve as the foundational theory of
how people actively process information in service of control and
decision making ... greater effort must be made to connect cogni-
tive science theories to computational foundations™*—a framing
that hardly accommodates anthropologists®>*® or biologists study-
ing real-world living systems’>*>!°'. Thus, psychology appears to
be overrepresented in cognitive science because via its cognitive
psychology strand it offers the best fit with the foundational tenets
of the cognitive revolution—cognitive science’s original hard core.
Scientometrics data support this interpretation: since the 2000s
Cognitive Science has seen its interdisciplinarity decrease' and it
has begun to reintegrate itself into cognitive psychology'>'**—an
endeavour far from its original interdisciplinary goal.

Overall, the datawehave presented show that cognitive sciencehas
failed to become an integrated and cohesive interdisciplinary field.

George Miller, one of the founding fathers of cognitive science'®,
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seems to have reached a similar conclusion 16 years ago. As he
put it, “some veterans of those [early] days question whether
the [cognitive revolution] program was successful, and whether
there really is something now that we can call ‘cognitive science’
For myself, I prefer to speak of the cognitive sciences, in the plu-
ral” (p. 144). Indeed, many scholars have expressed similar views
for years'>**?'. In What is Cognitive Science? Barbara Von Eckardt
stated that “it is possible to be sceptical about whether cognitive
science exists as a coherent intellectual enterprise. Perhaps there
is no such thing as cognitive science, really. Perhaps there are just
cognitive sciences”' (p. 1; emphasis in original). Organizations
seem to have quietly grasped the trend by, for instance, titling
high-impact publication venues in the plural (for example, the
journal Trends in Cognitive Sciences (https://www.journals.else-
vier.com/trends-in-cognitive-sciences), Massachusetts Institute
of Technology’s Encyclopedia of the Cognitive Sciences'” and
Proceedings of the National Academy of Science’s ‘Psychological
and Cognitive Sciences’ subcategory (https://www.pnas.org/psy-
chological_cognitive_sciences)), and universities have done simi-
larly by officially naming their departments in the plural and/or
in conjunction with other fields: ‘Brain and cognitive sciences’
(for example, Massachusetts Institute of Technology, https://
bes.mit.edu; University of Rochester, http://www.sas.rochester.
edu/bes/; Seoul National University, Korea, http://bes.snu.ac.kr/
subl_1.php?ckattempt=1); ‘Cognitive, linguistic and psychologi-
cal sciences’ (for example, Brown University, https://www.brown.
edu/academics/cognitive-linguistic-psychological-sciences/
home); ‘Department of human informatics and cognitive sciences’
(Waseda University, Japan, https://www.researchgate.net/institu-
tion/Wasedanniversity/department/DepartmentfoffHumanf
Informatics_and_Cognitive_Sciences); ‘Cognitive and information
sciences’ (University of California (UC), Merced, http://cogsci.
ucmerced.edu/graduate-group/); or simply ‘Cognitive sciences’ but
choosing to grant their doctoral degree in psychology (UC Irvine,
http://catalogue.uci.edu/schoolofsocialsciences/departmentofcog
nitivesciences/#graduatetext; retrieved 30 November, 2018). The
plural does seem to more accurately capture the situation today,
as it did at the time of George Miller’s impressions, but that was
certainly not the goal of the cognitive revolution, “the mind’s new
science”. The plural simply reverts to Gardner’s weak version, which
calls for cooperation among disciplines “but scarcely warrants the
label of an important new science” (pp. 389-390).

In sum, following Imre Lakatos, cognitive science appears
to have failed to generate “a successful research program”"’
(p. 48). In his terms, the hard core of a successful research pro-
gram remains largely irrefutable; its basic tenets and conjectures
stay unchallenged, “tenaciously protected from refutation by a
vast ‘protective belt’ of auxiliary hypotheses™ (p. 4). Cognitive
science with its (arguably reductionistic) fundamental features,
has seen its hard core progressively challenged and to some extent
refuted from within by various schools and approaches, and it has
failed to build a robust protective belt (of “auxiliary hypotheses”)
around a coherent hard core. In Lakatos’ terms, this has led not to
a progressive problemshift but to a “degenerating problemshift,”
resulting in an unsuccessful research program' (p. 48). This inter-
pretation is supported by scientometrics data'®"’, which show that
in the dynamics of academic and scientific evolution, cognitive
science failed to move from a collection of enthusiastic multidis-
ciplinary efforts to an integrated coherent interdisciplinary field.
But, importantly, it is supported also by the socio-institutional
data analyzed here, which show a substantial lack of consensus
across universities and colleges on what the curriculum is or
should be when it comes to granting a degree in cognitive science.
Acknowledging this reality has research, educational and profes-
sional policy-making implications: in the end, what exactly is the
subject matter of this field? If a degree in cognitive science is to
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be granted, what contents should be taught and by whom? What
should employers expect to be the knowledge and skills of appli-
cants with a cognitive science degree? To what extent is the train-
ing in cognitive science necessary for forming the new generation
of scientists of the mind?

The cognitive revolution was largely a normative anti-behav-
iourist counter-revolution®, whose inspiring legacy was to bring
to the fore the importance of cross-disciplinary collaboration. But
today, the exploding and exciting contemporary scientific study of
the mind appears to have left the cognitive revolution behind, in
a gradual, non-normative and non-revolutionary manner, for the
moment not settling on any particular paradigm or research pro-
gram. It is up to future generations of scholars to figure out how,
in the post-cognitive-revolution era, to best proceed with the ever-
fascinating enterprise of understanding the multiple and diverse
dimensions of the mind.

Data availability

The data sets generated in this study can be found on GitHub
(https://github.com/rdgao/WH2CogSci) and FigShare (https://fig-
share.com/articles/scrapingcognition/7973372). They are openly
available and free for use, with proper attribution.

Code availability

The code used for analysis and draft figure generation can be found
on GitHub (https://github.com/rdgao/WH2CogSci) and FigShare
(https://figshare.com/articles/scrapingcognition/7973372). It is
openly available and free for use, with proper attribution.
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