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Using network analyses to examine the extent to
which and in what ways psychology is
multidisciplinary
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The emerging field known as the “science of science” uses a variety of quantitative tech-

niques to (among other things) understand how a specific field changes over time. The

tools of network science were used to quantify the extent to which Psychology is multi-

disciplinary, and how the extent to which it is multidisciplinary changed over time. Citation

networks were created from all of the articles published in journals identified by the Web of

Science as Multidisciplinary-Psychology for each year from 2008 to 2018. Nodes in the

networks represented Multidisciplinary-Psychology journals, and connections were placed

to other journals (i.e., nodes) that were cited in the Multidisciplinary-Psychology articles for

each year. The citation networks showed that about 25% of the citations were to other

Multidisciplinary-Psychology journals, about 50% of the citations were to Psychology

journals in other sub-fields, and about 25% of the citations were to journals in other

disciplines. This distribution of citations remained fairly consistent across the years

examined. To identify the ways in which Psychology is multidisciplinary, clusters of nodes

(known as modules) in each citation network were detected to identify possible research

themes that were examined further with co-word networks made from the author-provided

keywords in each of the Multidisciplinary-Psychology articles that appeared in each

Module. Some research topics persisted in the years examined, whereas other topics were

more transient. Given that multidisciplinary research did not increase over time but instead

changed in areas of research focus, ways for academic and research administrators to

foster and continually renew multidisciplinary research are discussed. The discussion also

describes how individual researchers might use the techniques here to identify areas of

research that are less commonly explored and may prove to be fruitful areas to shift their

research focus. The same techniques can be used to provide insight in to other disciplines

in the Humanities and Social Sciences.
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Introduction

The emerging, multidisciplinary field known as the “science
of science” uses a variety of quantitative techniques to
(among other things) understand how a specific field or

science in general changes over time, determine the factors that
enable a project or research topic to succeed or fail, and identify
ways to improve the process of science in general (Boyack et al.,
2005; Fortunato et al., 2018; Zeng et al., 2017; Wang and
Barabási, 2021). The findings from such investigations have
broad implications for research policy and practice by providing
academic and research administrators as well as individual sci-
entists with information that can be used to make decisions that
are evidence-based rather than based on intuition, tradition, or
imperfect heuristics.

In the present review we used the tools of network science
(another multidisciplinary science) to examine the extent to
which Psychology is multidisciplinary, and if the extent to which
Psychology is multidisciplinary has changed over time. As Psy-
chologists we chose to focus our investigation on our own field,
but the novel, quantitative techniques we employ can also be
applied to other disciplines in the Humanities and Social Sciences.

We chose to assess the extent to which Psychology is multi-
disciplinary because there are a number of examples in the lit-
erature that demonstrate how Psychology has combined in some
way one or more disciplines or fields of study to understand the
mind, brain, and behavior of humans (Choi and Pak, 2006). For
example, Psychology has drawn on theories from Economics to
form the field that has come to be known as Behavioral Eco-
nomics (Reed et al., 2013). Similarly, Psychology has drawn on
theories from Biology to form the field that has come to be
known as Evolutionary Psychology (Burke, 2014). Finally, cog-
nitive psychologists have drawn from quantum theory in Phy-
sics to create quantum cognition to understand how humans
make decisions under uncertain situations (Bruza et al., 2015).
Other examples of Psychology drawing on other fields may also
come to the reader’s mind. What is missing, however, is a
quantitative measure of the extent to which Psychology draws
on other disciplines. By quantitatively measuring the extent to
which Psychology is multidisciplinary we provide a baseline that
can be used along with the techniques we describe here to
determine if Psychology is more or less multidisciplinary than
other disciplines.

We further chose to assess how the extent to which Psychology
is multidisciplinary has changed over time because the increasing
complexity and interconnectedness of social, political, and eco-
nomic problems, such as climate change, make contemporary
scientific problems too large for any single discipline to address
on its own, necessitating an increase in multidisciplinary research
in the future (Bruine de Bruin and Morgan, 2019; Stern, 2011).
Further, “[t]he increasing complexity of science demands that
concepts and methods from different disciplines be merged”
(Derrick et al., 2011, p. 2). By assessing the extent to which
multidisciplinary research in Psychology has changed over time
we can determine if the field of Psychology has heeded the call to
increase multidisciplinary research as some have advocated.

The techniques we describe here also can be used to determine
if other disciplines in the Humanities and Social Sciences have
increased the extent to which they engage in multidisciplinary
research. Examining the extent to which other fields engage in
multidisciplinary research could be useful for research and aca-
demic administrators because if a particular field has succeeded in
increasing the extent to which it engages in multidisciplinary
research, perhaps the incentive structures that led to increased
multidisciplinary research in that discipline could be replicated in
other disciplines to increase multidisciplinary research in the
other disciplines as well.

We chose to use the tools of network science because a variety
of disciplines have employed these tools to make novel observa-
tions that weren’t possible with conventional analysis techniques
(e.g., Montoya and Solé, 2002; Weeden and Cornwell, 2020), they
are being used increasingly in various ways in Psychology
(Borsboom and Cramer, 2013; Siew et al., 2019; Vitevitch, 2019),
and they are commonly used in the science of science (e.g.,
Boyack et al., 2005; Fortunato et al., 2018; Zeng et al., 2017). An
early example of network analysis techniques being used to study
science is Price (1965), who examined a large number of pub-
lished research articles. In his analysis nodes in the network
represented published research articles, and links connected those
articles/nodes to other articles/nodes that were cited. Among the
things Price discovered was that the distribution of citations was
best fit by a power-law distribution. That is, a small number of
articles received a large number of citations, but many more
articles received a small number of citations, and most articles
received no citations at all.

In the present review we constructed and analyzed two dif-
ferent types of networks. One of our network analyses used an
approach similar to Price (1965) because the construction of such
citation networks is believed to capture the formal channel of
communication among scientists, and may reveal certain char-
acteristics of or patterns in the flow of information in the sci-
entific community. In our present examination of Psychology, we
might be able to identify which disciplines Psychology tends to
draw on when engaged in multidisciplinary research. An
important tenet of network science is that the pattern of con-
nections between entities in a system influences the efficiency of
processes in that system (Kleinberg, 2000; Newman, 2010), so
examining the structure of citation networks may provide insights
that could increase the efficiency of the formal channel of com-
munication among scientists.

Focusing on Psychology, Xhignesse and Osgood (1967; see also
Pinski and Narin, 1979) generated a citation network using 21
psychology journals to study the structure of psychology. They also
noted the potential usefulness of examining trends of the citation
network that emerge over time by comparing citation networks of
different time periods (see also Sott et al., 2020). By observing
changes from year to year, researchers can detect trends in a field,
and can see how knowledge advances over time (see also Garfield,
1994). Therefore, in the present review a longitudinal approach
was taken to examine a citation network of multidisciplinary
psychology journals from 2008 to 2018. Because we started work
on this project early in 2019, the year 2018 provided us with the
most recent record of a complete year of published works and their
citations. We reasoned that a decade (i.e., 2008–2018) should be a
long enough time-span to observe changes in citation patterns, etc.
Further, the span of 2008 to 2018 straddled the year 2011, when
certain calls for increases in multidisciplinary research were pub-
lished (e.g., Derrick et al., 2011; Stern, 2011). (We recognize that
calls for increases in multidisciplinary research have been made
prior to and since 2011).

The second network analysis constructed co-word networks
with nodes representing author-provided keywords from each
published article, and links connecting keywords that co-
occurred. A similar approach was used by Ding et al. (2001) to
examine research trends in the field of Information Retrieval (see
also Ravikumar et al., 2015). We constructed co-word networks
from the articles published in 2008 and in 2018 to examine the
multidisciplinary research themes that might exist in Psychology
and how those themes might have changed in that 10-year time-
span. This quantitative technique can also be applied to other
disciplines in the Humanities and Social Sciences to examine
changes in research topics over time.
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We recognize that the selection of keywords by authors is
sometimes restricted to lists of keywords provided by publishers.
Despite this limitation, the co-word analysis should nevertheless
be informative about trends in research topics over time. This
analysis may provide information about which research paths are
already well-trodden, which research paths may be fruitful for
future research, and which disciplines or topics might be ripe for
building a new bridge between. The information provided by
these two network analyses may not only be useful for individual
scientists looking for new research questions, but may also be
useful for policy makers and academic or research administrators
to incentivize certain research topics that have much potential for
growth in the near future.

Methods
Citation network. This network analysis examined peer-
reviewed scientific articles published in journals from 2008 to
2018 that were registered in the Social Sciences Citation Index
database of the Web of Science (WoS), and that had the subject
category of “Psychology, Multidisciplinary”. We reasoned that
journals identified as Psychology, Multidisciplinary would pro-
vide us with an estimate of the extent to which Psychology is
multidisciplinary that approached the highest value compared to
Psychology journals of some other category, and Psychology
journals in general.

The citation data of each of the articles published during the
years 2008–2018 were extracted, and used to construct a citation
network for each year. In each network, nodes represented
journals, and links connected nodes when an article published in
a Psychology-Multidisciplinary journal cited an article in another
journal. That other journal could be another Psychology-
Multidisciplinary journal (identified in Table 1 as MultiDiscP-
sych), a journal from another area of Psychology (identified in
Table 1 as Other Psych), or a journal from another discipline
(identified in Table 1 as Other Disc). By examining the number of
times an article published in a Psychology-Multidisciplinary
journal cited an article from another Psychology-
Multidisciplinary journal, from a journal in another area of
Psychology, or from a journal in another discipline we could
quantitatively measure the extent to which Psychology draws
from other disciplines (i.e., is multidisciplinary).

In the citation network for each year, nodes represented
scientific journals, and links were outgoing citations from an
article published in a journal identified as “Psychology, Multi-
disciplinary” to another journal (regardless of the subject category
of the journal being cited). An outward going link was placed
from a Multidisciplinary Psychology journal node, X, to another
journal node, Y, if an article published in X cited an article in Y.
Journals categorized as “Psychology, Multidisciplinary” could
have both outgoing and incoming links (i.e., an article in one
“Psychology, Multidisciplinary” journal cited an article in another
“Psychology, Multidisciplinary” journal), whereas journals not
categorized as “Psychology, Multidisciplinary” could have only
incoming links from an article categorized as “Psychology,
Multidisciplinary” that cited an article in that journal.

Because the citation network used journals not individual
researchers as a proxy of the discipline that Psychology draws
from when engaged in multidisciplinary research we did not
distinguish if an article in a “Psychology, Multidisciplinary”
journal cited an article by the same author (i.e., a self-citation) in
another journal, or an article by a different author in another
journal. Similarly, the geographic location of the individual
researchers was not considered. Rather, the citation network
focused on the level of journals because journals are often viewed
as being emblematic of various disciplines. T
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The open-source software Gephi (version 0.9.2) was used to
analyze and visualize the data in the citation network. Various
network measures (described below) were used to help identify
patterns in the citation network, and to examine trends that
emerged over time.

Co-word network. To identify the research themes present in the
modules of Psychology, Multidisciplinary journals that were
identified in the citation networks, co-word networks were con-
structed and analyzed. The commonly used Louvain method as
implemented in Gephi was used to identify modules (i.e., nodes
that tended to be more connected to each other than to nodes in
another module) in the citation networks (Blondel et al. 2008;
Newman and Girvan, 2004). In the co-word network, nodes were
the keywords provided by the authors in each article. Links
connected two keywords if they occurred together in the list of
author-provided keywords. These links were not directed, but
were weighted by the number of times those keywords co-
occurred. Gephi was again used to analyze and visualize the data.
Keywords (nodes) were filtered with a degree threshold to identify
only the more important research themes of each module. To
highlight only the more important research themes in the net-
works, and because the co-word networks varied in size the
degree threshold for each network was set so that only the top 5%
(or fewer) nodes and links would be visible.

Results
Citation network analysis of Multidisciplinary Psychology
from 2008 to 2018. One way to quantify the extent to which
Multidisciplinary Psychology is multidisciplinary is to examine if
the amount of Multidisciplinary Psychology research has
increased, decreased, or remained the same over time. As seen in
Table 1, the number of articles published in Multidisciplinary
Psychology journals approximately doubled from 4441 articles in
2008 to 9496 articles in 2018. Even when considering the slightly
smaller number of articles that were registered in the Social Sci-
ences Citation Index database of the WoS (which were used to
construct the citation networks), we again see an approximate
doubling in the number of articles published in Multidisciplinary
Psychology journals in that time frame. One possible inter-
pretation of this approximate doubling in the number of articles
published in Multidisciplinary Psychology journals in that time
frame is that there was indeed an increase in Multidisciplinary
Psychology research.

However, the increase observed in the number of articles
published in Multidisciplinary Psychology journals should be
viewed in a broader context. It was previously observed that the
number of scientific articles from a wide range of disciplines
published since 1900 increased at an exponential rate, with an
average doubling period of 15 years (Fortunato et al. 2018). The
approximate doubling of the number of articles published in
Multidisciplinary Psychology journals from 2008 to 2018 is
consistent with the increased rate of publication observed by
Fortunato et al. (2018) across science more broadly, and suggests
that the amount of Multidisciplinary Psychology research being
done relative to the overall amount of scientific research being
done has instead remained approximately the same across the
time period that was examined.

Another way to examine the amount of multidisciplinary
Psychology research being done is to consider the number of
journals classified as Multidisciplinary Psychology. In the time
frame of 2008 to 2018 the number of journals classified as
Multidisciplinary Psychology increased from 107 journals to 132
journals, an increase of about 25% from 2008 to 2018.

However, this increase in the number of journals classified as
Multidisciplinary Psychology should again be viewed in a
broader context. Mabe (2003) observed that from 1945 to 1976
the number of scientific journals increased about 4% each year,
which means that the number of scientific journals in that time
period would double every 16 years. Considering the Total
number of journals in Table 1 we see that there were 1776
journals in 2008 and 2657 in 2018. Computing the change in the
number of Total journals from year to year we find a mean value
of a 4% increase from year to year, consistent with the value
observed by Mabe (2003).

Consider now just the number of Multidisciplinary Psychology
journals in Table 1. Here we see an increase of 107 journals in
2008 to 132 journals in 2018. Computing the change in the
number of Multidisciplinary Psychology journals from year to
year we find a mean value of a .6% increase from year to year. The
rate of increase in Multidisciplinary Psychology journals from
2008 to 2018 is below the average increase in the number of
scientific journals in general (as computed from Table 1 and
observed by Mabe, 2003), and does not appear to be on the same
trajectory to double in 16 years as observed by Mabe (2003) for all
scientific journals from 1945 to 1976. This indicates that only a
small number of Multidisciplinary Psychology journals were
created (or re-classified) in this time-frame, suggesting a modest
increase in the amount of Multidisciplinary Psychology research
across the time period that was examined.

To quantify in another way the extent to which Multi-
disciplinary Psychology is multidisciplinary we examined the type
of journals that were cited in Multidisciplinary Psychology
articles. As seen in the columns labeled Citations (links) in Table 1,
articles published in Multidisciplinary Psychology journals cite
work from other Multidisciplinary Psychology journals (Multi-
DiscPsych) about 25% of the time, from journals in other areas of
Psychology (Other Psych) about 50% of the time, and from
journals in other disciplines (Other Disc) about 25% of the time.
This distribution of the type of journals cited in Multidisciplinary
Psychology journal articles remained roughly the same for each
year from 2008 to 2018, suggesting that the extent to which
Psychology is multidisciplinary has remained constant across the
time period that was examined.

Analysis of co-word networks from 2008 and 2018. Although
there are a variety of network measures that can be employed at
the micro-, meso-, and macro-scale, the meso-scale measure of
community detection (Newman, 2006; Fortunato, 2010) was used
in Gephi to find modules or groups of journals that were more
connected to each other than to other journals in the network in
the citation networks from 2008 and from 2018. The Q value
assesses the extent to which a network exhibits community
structure (Clauset et al., 2004), with values greater than 0.3
indicating significant community structure. The stronger inter-
connection among certain journals/nodes would suggest that
those journals share a common theme, which was further
examined using a co-word network created from the author-
provided keywords in each article.

In the citation network for 2008 (see Fig. 1), seven modules
were detected with each module indicated by a different color
in the figure. The numeric labels for each module in Fig. 1 are
arbitrary. For the 2008 citation network Q value= 0.32,
suggesting that the network exhibited significant community
structure.

Table 2 summarizes for each module in the citation network
for 2008 the number of Multidisciplinary Psychology journals, the
number of other Psychology journals, the number of journals
from other disciplines, and the number of citations among those
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journals. Module size ranged from a group of 97 journals
(Module 6) to a group of 382 journals (Module 1). There was also
much variability across modules in the distribution of the type of
journals that were cited by the Multidisciplinary Psychology
articles in each module. The 3 most-cited journals in each module
in the citation network for 2008 are listed in the Supplementary
information.

In the citation network for 2018 (see Fig. 2), seven modules
were again detected with each module indicated by a different
color in the figure. The numeric labels for each module in Fig. 2
are arbitrary. For the 2018 citation network Q value= 0.20,
suggesting that the community structure in the network while
present was not as well-defined as in the 2008 citation network.

Table 3 summarizes for each module in the citation network
for 2018 the number of Multidisciplinary Psychology journals, the
number of other Psychology journals, the number of journals
from other disciplines, and the number of citations among those
journals. Module size ranged from a group of 36 journals
(Module 6) to a group of 1128 journals (Module 0). There was
also much variability across modules in the distribution of the
type of journals that were cited by the Multidisciplinary
Psychology articles in each module. The three most-cited journals
in each module in the citation network for 2018 are listed in the
Supplementary information.

To identify the research themes that may have contributed to
the emergence of the modules in the citation networks from 2008,

Fig. 1 Modules of the 2008 Multidisciplinary Psychology citation network. Dots are nodes representing a journal. Lines are connections between nodes
indicating that an article in one journal cited an article in another journal. The different colors indicate the set of nodes that belong to a common module.

Table 2 Summary statistics for each module in the 2008 citation network.

Module Journals (nodes) Citations (links)

Multidisciplinary
psychology

Other psychology Other fields Total Multidisciplinary
psychology

Other psychology Other fields Total

0 6 (2%) 30 (8%) 329 (90%) 365 1328 (18%) 1869 (25%) 3347 (57%) 7745
1 19 (5%) 69 (18%) 294 (77%) 382 3945 (17%) 8503 (37%) 10590 (46%) 21,450
2 17 (6%) 50 (17%) 222 (77%) 289 3959 (39%) 3187 (32%) 2955 (29%) 10,968
3 4 (4%) 5 (5%) 90 (91%) 99 195 (29%) 52 (8%) 435 (64%) 712
4 14 (7%) 56 (26%) 142 (67%) 212 1864 (23%) 5137 (62%) 1238 (15%) 10,820
5 39 (11%) 115 (35%) 178 (54%) 332 7376 (28%) 18109 (68%) 1175 (4%) 24,018
6 8 (8%) 15 (15%) 74 (76%) 97 429 (14%) 1946 (64%) 685 (22%) 3434
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co-word networks were generated for each module (see Fig. 3). In
Module 0 keywords related to computers and communication
occurred frequently as indicated by the larger font size in the figure
(e.g., Internet, mobile phone, and computer mediated commu-
nication). In Module 1 keywords related to mental and physical
health occurred frequently as indicated by the larger font size in
the figure (e.g., depression, oncology, and cancer). In Module 2
keywords related to relationships occurred frequently as indicated
by the larger font size in the figure (e.g., connection, relationship,
power, empathy). In Module 3 keywords related to socio-cultural
psychology occurred frequently as indicated by the larger font size
in the figure (e.g., culture, critical discourse analysis). In Module 4
keywords related to body-image and sexuality occurred frequently
as indicated by the larger font size in the figure (e.g., body image,
body dissatisfaction, homosexuality, homophobia, sexuality). In
Module 5 keywords related to learning and memory occurred
frequently as indicated by the larger font size in the figure (e.g.,
learning, memory, hippocampus, intelligence). In Module 6

keywords related to forensic psychology occurred frequently as
indicated by the larger font size in the figure (e.g., violence, sex-
offender, recidivism).

To identify the research themes that may have contributed to
the emergence of the modules in the citation networks from 2018,
co-word networks were generated for each module (see Fig. 4). In
Module 0 a wide range of keywords related to general areas of
Psychology occurred frequently as indicated by the larger font
size in the figure (e.g., anxiety, motivation, personality, emotion,
attention). In Module 1 keywords related to addiction occurred
frequently as indicated by the larger font size in the figure (e.g.,
gambling, alcohol, impulsivity, depression). In Module 2 key-
words related to domestic violence occurred frequently as
indicated by the larger font size in the figure (e.g., intimate-
partner violence, indigenous, child-sexual abuse). In Module 3
keywords related to happiness, well-being and life-satisfaction
occurred frequently as indicated by the larger font size in the
figure (e.g., well-being, positive-affect, job satisfaction). In Module

Fig. 2 Modules of the 2018 multidisciplinary psychology citation network. Dots are nodes representing a journal. Lines are connectionsbetween nodes
indicating that an article in one journal cited an article in another journal. The different colors indicate the set of nodes thatbelong to a common module.

Table 3 Summary statistics for each module in the 2018 citation network.

Module Journals (nodes) Citations (links)

Multidisciplinary
psychology

Other
psychology

Other fields Total Multidisciplinary
psychology

Other psychology Other fields Total

0 79 (7%) 345 (31%) 704 (62%) 1128 36,703 (22%) 105,716 (63%) 24,395 (15%) 166,814
1 3 (5%) 11 (20%) 41 (75%) 55 1402 (22%) 1821 (29%) 3048 (49%) 6271
2 11 (4%) 25 (10%) 218 (86%) 254 2710 (21%) 5014 (39%) 5083 (40%) 12,807
3 4 (2%) 3 (1%) 222 (97%) 229 1378 (20%) 413 (6%) 5003 (74%) 6794
4 7 (2%) 22 (6%) 320 (92%) 349 3286 (17%) 4511 (23%) 11,399 (59%) 19,196
5 26 (4%) 46 (8%) 534 (88%) 606 7065 (20%) 10,077 (28%) 19,042 (53%) 36,184
6 2 (6%) 5 (14%) 29 (81%) 36 185 (32%) 184 (32%) 206 (36%) 575
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4 keywords related to the use of online communication occurred
frequently as indicated by the larger font size in the figure (e.g.,
social-media, Facebook, depression, adolescent, self-esteem). In
Module 5 keywords related to mental and physical health

occurred frequently as indicated by the larger font size in the
figure (e.g., cancer, stigma, HIV, depression, quality of life). In
Module 6 keywords related to identity and discrimination
towards certain identities occurred frequently as indicated by

Fig. 3 Keywords found in each module identified in the 2008 citation network. The size of the node reflects the number and weight of the degree (i.e.,
larger nodes had many connections and highly weighted connections). The thickness of the connection indicates the weight of the connection (i.e.,
connected nodes with thick lines co-occurred many times).
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the larger font size in the figure (e.g., essentialism, social-
representations, integration, Islamaphobia, stigma).

Discussion
In the present review a “science of science” approach was
taken to examine the discipline of Psychology, and the extent

to which it is multidisciplinary. The multidisciplinary
tools from network science, which are increasingly being
used in Psychology and commonly used in the science of
science to examine citation patterns, were used to examine the
citation patterns of research articles published in journals
identified by WoS as Multidisciplinary Psychology from 2008
to 2018.

Fig. 4 Keywords found in each module identified in the 2018 citation network. The size of the node reflects the number and weight of the degree (i.e.,
larger nodes had many connections and highly weighted connections). The thickness of the connection indicates the weight of the connection (i.e.,
connected nodes with thick lines co-occurred many times).
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The results displayed in Table 1 show several interesting pat-
terns. First, the number of articles published in Multidisciplinary
Psychology journals approximately doubled from 2008 to 2018.
However, the increase in the number of Multidisciplinary Psy-
chology articles published in that time is comparable to the
increase in research articles published across the sciences (For-
tunato et al., 2018), suggesting that research in Multidisciplinary
Psychology kept pace with the growth of science in general in the
time frame examined, rather than increased or decreased com-
pared to what might be expected in general.

Second, the number of Total journals in Table 1 from 2008 to
2018 increased approximately 4% each year; a rate comparable to
other estimates of journal growth in science in general (Mabe,
2003). However, the number of Multidisciplinary Psychology
journals in Table 1 from 2008 to 2018 did not increase as quickly
as the number of journals in science in general, suggesting that
the extent to which Psychology is multidisciplinary did not
increase significantly in the years that were examined.

Third, the proportion of articles cited from other Multi-
disciplinary Psychology journals (~25%), from journals in Other
Psychology areas (~50%), and from journals in Other Disciplines
(~25%) remained fairly consistent from 2008 to 2018. One
interpretation of these results is that research in Multidisciplinary
Psychology journals must still be recognizable as being part of
Psychology, either in the topic of the research question, the
methods employed, or the techniques used to analyze the data.
Research that is not recognizable as part of the discipline of
Psychology may result in reviewers at Multidisciplinary Psy-
chology journals recommending that the work instead be pub-
lished in a journal of another discipline. The proportion of 75:25
may reflect the extent to which multidisciplinary research must
identify with a home discipline and the extent to which such
research can venture into other disciplines.

The proportion of 75:25 may also reflect the extent to which
scientists seek to consolidate knowledge within their discipline to
deepen our understanding of a phenomenon, versus jumping
beyond current knowledge or bridging between previously
unconnected clusters of knowledge (Foster et al., 2015). Alter-
natively, the low but fairly constant rate of citing from other fields
may reflect the gradual shift of the “cutting-edge” ideas, methods,
etc. initially pulled from another discipline eventually being
accepted as “mainstream” Psychology, leading to the large pro-
portion of citations to articles published within the discipline of
Psychology. Unfortunately, the present data cannot distinguish
among these hypotheses.

The Louvain method, a commonly used community detection
algorithm (Blondel et al., 2008; Newman and Girvan, 2004), was
then used in the citation networks from 2008 and 2018 to find
modules of journals that were more connected to each other
than to journals in other modules. Co-word networks were then
created from the author-supplied keywords that appeared in the
articles in each module. The analyses of the frequently occurring
keywords in the co-word networks from 2008 (Fig. 3) and 2018
(Fig. 4) revealed interesting patterns about Multidisciplinary
Psychology that other analysis techniques would likely not
reveal. For example, certain research topics are inextricably
multidisciplinary and appear to be perennial. Consider, for
example the research topic “mental and physical health”, which
characterized Module 1 in 2008 and Module 5 in 2018. Many
diseases that directly affect the physical body have psychological
ramifications, such as the depression that some individuals and
family members experience when managing cancer. Conversely,
numerous studies have demonstrated influences of mental
health on physical health and well-being (May et al., 2002).
Researchers from many disciplines (e.g., medicine, nursing,
psychology, social welfare, etc.) examine mental and physical

health in some way, and will likely continue to do so for the
foreseeable future.

The co-word networks from 2008 and 2018 also showed that
certain research topics appear more ephemeral, garnering much
attention at one point in time (as indicated by frequently
occurring keywords), but being less prominent at another point in
time (as indicated by the keywords occurring less often). The
fashionable nature of certain research topics may reflect the
gradual shift of cutting-edge ideas becoming more accepted by
one or more discipline, therefore becoming “mainstream” and no
longer a topic appearing in Multidisciplinary Psychology journals.
Alternatively, the emergence and fading of certain research topics
may reflect the change over time of the problems that society
faces. We expect, for example, that co-word networks for pub-
lications from 2020 would reveal a module related to mental,
physical, and social issues associated with COVID-19. These
COVID-related topics, of course, were not problems that society
faced prior to the global pandemic. Unfortunately, the present
data cannot distinguish among these hypotheses.

Although it is the convention in contemporary scientific
journals to discuss the implications of the observed results only
for other researchers, the “science of science” approach has
highlighted the importance of discussing the implications of
scientific findings not just for other researchers of a given topic,
but for other “consumers of science”, such as administrators and
politicians (both of which influence in some way the funding of
science, for example), as well as the general public (who may or
may not trust science, and may or may not adopt scientific
recommendations, such a mask-wearing behavior during a pan-
demic). Given the importance of communicating to other audi-
ences the value of the present research findings we discuss further
the implications of two key findings in the present review—the
percentage of work cited from other disciplines remained fairly
stable from 2008 to 2018, coupled with changes in the research
topics from 2008 to 2018—for academic and research adminis-
trators. Simply encouraging researchers to become more multi-
disciplinary may not be the most productive strategy in the long-
term to support multidisciplinary research, because concerns
about retaining one’s discipline-identity may limit the extent to
which a scientist can venture into another discipline (or the
number of other disciplines they can venture into). Instead,
academic and research administrators may be more successful in
the long-term if they provide opportunities for researchers to
continually build new multidisciplinary bridges to replace the
cutting-edge connections that are absorbed into the mainstream
of one or more disciplines, or that decay away as interest in that
topic fades over time. Providing opportunities to create new
bridges between disciplines also allows scientists to respond to
new issues that emerge to challenge society.

One example of a way that academic and research adminis-
trators can foster the growth of new connections among
researchers from different disciplines is to create a recurring
series of short talks (i.e., 5 min in duration) that are free of
discipline-specific jargon and are centered around a theme that
changes with each session (e.g., Red Hot research talks; https://
thecommons.ku.edu/red-hot-research). Such “lightning” talks
enable researchers to see how another discipline approaches a
problem, or the methods and tools that another discipline uses to
address a problem, and may lead to new collaborative multi-
disciplinary projects. Given the challenges of engaging in colla-
borative research across institutions (Cummings and Kiesler,
2005), encouraging the growth of new connections among
researchers within one’s own institution may ultimately be most
productive in the long-term. Lightning talks are, of course, only
one example of how research administrators can foster the
growth of new connections among researchers from different
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disciplines. We recognize that this example may not be a feasible
solution for all institutions given the variety of financial and other
constraints that each institution faces, but research administrators
in such situations should be encouraged to find other creative
solutions to foster the growth of new connections among
researchers from different disciplines.

In addition to providing opportunities for current scientists to
engage in multidisciplinary research, academic and research
administrators may consider training future scientists to engage
in multidisciplinary research. Much has been written about
revising for the 21st Century graduate education in STEM
(National Academies of Sciences, Engineering, and Medicine,
2018). One recommendation suggests that “[i]nstitutions would
provide opportunities for students to seek and develop multiple
separate mentoring and advising relationships, including those
that are interdisciplinary and cross departments”. (National
Academies of Sciences, Engineering, and Medicine, 2018, p. 130).
Changing graduate education in this way to train the multi-
disciplinary researchers of the future is another long-term strat-
egy that would need to be implemented at an institutional level by
academic and research administrators.

Turning now to the individual researcher, the present results
show that certain research topics may not be as “hot” as they once
were, providing the individual researcher with some guidance about
how to steer their research career going forward. The co-word
networks may also provide guidance on new topics to explore in the
future. For example, in Module 3 from 2018 (Fig. 4) the keywords
happiness and time-pressure appear but do not co-occur often
enough to be connected, suggesting that exploring how time-
pressure affects happiness might be a productive line of research
(Hjerm et al., 2016). Alternatively, the keywords depression and
adolescence appear in Module 1 (related to addiction) and Module 4
(related to online communication) from 2018 (Fig. 4), which may
motivate a researcher to explore the prevalence of depression in
adolescents who might be addicted to social media (Kuss and
Griffiths, 2011). Other gaps and overlaps in topics might lead to
interesting new directions for an individual researcher. Further, this
approach could also be used in the Humanities and other Social
Sciences to identify emerging or fading research themes over time.

Although the “science of science” approach and our analyses of
journal citation networks and co-word networks revealed patterns
that other analysis techniques could not reveal, the present
approach does have several limitations. First, as noted above, our
network analyses allowed us to make several novel observations,
but other techniques may still be required to distinguish among
the hypotheses we proposed to account for those observations.

Second, we constructed relatively simple networks, and made
only a few measures of the networks we constructed. More
sophisticated networks could be constructed, for example, to
include weights on the links to account for the number of times
an article in journal X cited an article in journal Y. Alternatively, a
type of feature-rich network (Interdonato et al., 2019) known as a
node-attributed network could include categorical or numerical
information about each node, such as the impact factor or H
value for each journal. Work on community detection algorithms
in node-attribute networks has been able to successfully detect
important modules that could not be detected by network or
categorical/numerical information alone (Citraro and Rossetti,
2020). Other network measures, such as various measures of
centrality (Borgatti, 2005), might also provide additional insight
to the citation and co-word networks described in the present
review. Although we did not explore in the present review the full
range of tools that network science has to offer, we believe the
network science approach has much to offer researchers in the
Humanities and Social Sciences.

Third, the focus in the present review on journal articles and
on keywords as the units of analysis (i.e., forming the nodes in the
network) is not the only way to use network science to examine
the science of Psychology, or the Humanities and Social Sciences.
Networks of co-authors have also been examined, with nodes
representing scientists and a connection placed between nodes if
those scientists were co-authors on a journal article (Ebadi and
Schiffauerova, 2015). Co-author networks may provide different
insights on the field, and provide information about individual
scientists that cannot be provided by the present analysis using
journal articles and keywords as the units of analysis.

Co-author networks may also provide an alternative way to
define multidisciplinarity by considering psychologists who have
published in journals in fields other than Psychology (e.g.,
International Journal of Bifurcation and Chaos; Arbesman et al.,
2010), who have published articles with researchers from other
fields (e.g., a computer scientist; Ferrer-i-Cancho and Vitevitch,
2018), who have published in multidisciplinary journals housed
in other disciplines (e.g., Entropy; Siew and Vitevitch, 2020), or
who have published Psychology articles using methods or sta-
tistics—such as equivalence testing—that are more often
employed in other fields (Vitevitch et al., 2021). Alternatively,
instead of defining multidisciplinarity at the level of individual
scientists, citation networks could also define it at the level of
entire disciplines. For example, one could count the number of
times other disciplines cite papers published in Psychology
journals, or count the number of articles published in Psychology
journals that cite papers published in journals from other dis-
ciplines. Although there are alternative ways to analyze the sci-
ence of Psychology, the patterns and trends observed in the
network analyses that were performed in the present work have
broad implications for academic and research administrators, and
for individual researchers as well.

Finally, the present review only considered Multidisciplinary
Psychology papers published in a 10-year window. Perhaps a
longer time-span is required to observe significant growth or
decline in a discipline. However, it is important to keep in mind
that academic institutions create strategic plans that typically
span 4- or 5-year periods. Therefore, our focus on a short time-
span allowed us to make recommendations to academic and
research administrators as well as to the individual researcher
that are more in line with the time-frames that they typically
operate on.

Network analysis is being used increasingly in a variety of
disciplines in the Humanities and Social Sciences, including
Psychology (Vitevitch, 2019; Cero and Witte, 2020). Seeing the
application of network analyses in the present review and the
insights that it can reveal may inspire individual researchers to
apply this approach to their current research in the Humanities
and Social Sciences to ask new and interesting questions, and to
observe things that other techniques can’t reveal. As demon-
strated in the present review, other techniques may still be
required to distinguish among the alternative hypotheses that one
generates to account for the novel observations provided by
network analyses, but network analysis is certainly worth adding
to the methodological toolbox of researchers in the Humanities
and Social Sciences.
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The data and materials reported here are available upon request.
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