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Despite the increasing emphasis on interdisciplinary research in universities, we know little
about the extent to which university education is interdisciplinary. This study investigates
whether higher education has embraced interdisciplinarity. By applying natural language
processing techniques to a dataset of 478,233 syllabi from 2004 to 2019, our analysis
examines three key dimensions: lexical, topical, and pedagogical. Contrary to the prevailing
narrative of growing interdisciplinarity, the findings reveal remarkable stability in the dis-
ciplinary boundaries of course content. Lexical analysis indicates minimal convergence in
terminology across disciplines, while topical analysis shows consistent topic distributions
within broad academic fields. Similarly, pedagogical strategies, as evidenced by the verbs
used in learning objectives, display no significant shift toward interdisciplinary actions as
outlined in Bloom's taxonomy. These results suggest that despite institutional rhetoric,
interdisciplinary education remains largely static, emphasizing the need for deliberate insti-
tutional strategies to better align educational practices with interdisciplinary research goals.
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Introduction

as higher education become more interdisciplinary? How

have different academic disciplines been impacted by each

other in their classrooms, and what does any resulting
change look like? Scholars have extensively argued that inter-
disciplinary research and education are critical factors behind
innovations and discoveries (Bromham et al, 2016; Van
Noorden, 2015). Sociohistorical contexts surrounding higher
education institutions also demand the dismantling of dis-
ciplinary boundaries (Jacobs and Frickel, 2009; Townsend et al.,
2015; Vereijken et al., 2023; Weingart and Padberg, 2014). Uni-
versities transform toward different “modes” of inter-
disciplinarity, especially when problem-solving, and patent and
product development become their survival strategies (Gibbons,
1994, 2000; Nowotny et al., 2016). Therefore, interdisciplinarity in
universities far exceeds individual-level collaboration—it includes
organizational and institutional responses to rapidly changing
social, economic, and thus educational needs (Kleinman et al.,
2017). Under such organizational circumstances, universities
adopt similar norms and slowly mimic each other, not only in
their formal structure, but also in their understanding of what
counts as best practice in higher education institutions (Berman,
2012; DiMaggio and Powell, 1983; Meyer and Rowan, 1977; S4,
2008). In summary, a systematic transformation toward the
interdisciplinary university is becoming a widespread phenom-
enon, in both empirical and normative senses.

However, despite evidence of increasing trends in inter-
disciplinary research and development in universities, it still
remains unclear how university education has responded to these
changes. While the number of interdisciplinary degree programs
has reportedly grown, and interdisciplinarity has been adopted as
a core rhetorical keyword that symbolizes program innovation
(Bear and Skorton, 2019; Wilson, 2010), there is a notable lack of
comprehensive evidence regarding the extent to which classroom
content and pedagogies have truly transformed. Classrooms are
often treated as “black boxes” in higher education institutions,
and despite countless organizational changes, the content taught
and tested in classrooms remains largely inaccessible for external
scrutiny. In this regard, we raise a set of critical questions: To
what extent have university classrooms become truly inter-
disciplinary? If they have, in what specific ways? And, how have
different disciplines adopted interdisciplinarity in distinct ways?

To answer these questions, it is imperative to analyze uni-
versity classrooms in practice—which courses are taught, how
educational goals are set and presented, what contents are cov-
ered throughout the semester, and most of all, how inter-
disciplinary components are introduced into the design and
practice of university lectures. Qualitative case studies have
shown that university lectures oriented toward problem-solving,
real-world solutions, and university-wide multidisciplinary col-
laborations successfully attract students from multiple dis-
ciplines (Klaassen, 2018; Lindvig et al., 2019). Still, there are
apparent challenges in interdisciplinary classrooms (McGregor,
2017), such as difficulties in communication among students, a
superficial level of collaboration, and a mismatch between faculty
and students’ expectations (Frodeman and Mitcham, 2007; Holt
et al., 2017; Vereijken et al., 2023). In other words, university
classrooms are going through the paradox of interdisciplinarity,
as Weingart once pointed out (Weingart, 2000). Despite appar-
ent demands for crossing disciplinary boundaries in research and
education, the reality of the pedagogical application of inter-
disciplinary education might suffer from the widening gap
between evermore specializing subdisciplines. That said, it
becomes more pressing to understand the comprehensive status
quo of interdisciplinary classrooms beyond qualitative case
studies.

This paper analyzes 478,233 university classroom syllabi, span-
ning from 2004 to 2019, obtained via the Open Syllabus database,
to identify macro patterns of interdisciplinary education in uni-
versities. A syllabus explicitly outlines the course title, content,
objectives, and schedule, making it a rich source of qualitative data
that reflects a course’s underlying educational intentions, including
its interdisciplinary orientations. Natural Language Processing
techniques are particularly well-suited for analyzing macro patterns
in such qualitative data. Moreover, the Open Syllabus database
offers an opportunity to examine longitudinal patterns across
thousands of syllabi from various disciplines. By leveraging syllabi
text data, our study is among the few to utilize this extensive archive
for computational analysis, helping to enable understanding of the
changing (or surprisingly, unchanging) dynamics of inter-
disciplinarity in higher education institutions.

To be specific, we offer three layers of longitudinal analyses on
syllabi text: lexical, topical, and pedagogical. A lexical analysis
analyzes apparent changes in vocabulary in course titles and
descriptions throughout the years. It effectively testifies how much
universities “seem to” offer more interdisciplinary courses. The
result shows a surprising stability in disciplinary language, which
means that semantic distance between disciplines has not decreased
over time. Secondly, a topical analysis of course syllabi examines
the composition of various topics within each discipline. We found
that all disciplines show relatively stable distributions of course
topics. Finally, pedagogical strategies across disciplines were iden-
tified by analyzing frequently appearing verbs in syllabi. These
verbs (such as argue, hypothesize, or propose) underline both the
practical modes of interaction in courses and the pedagogical
strategies employed by instructors. Here, we posited that the edu-
cational programs in universities have changed to pursue more
complex educational goals because interdisciplinary research
requires integrating disciplinary knowledge in creative ways to
solve unprecedented societal issues, such as climate change
(Weingart, 2014; Wagner et al,, 2011). In line with previous ana-
lyses, there were no significant changes in the major action verbs
used in course syllabi, indicating a static pattern in pedagogical
approaches. In summary, whether analyzed lexically, topically, or
pedagogically, there is no macroscopic evidence that higher edu-
cation has become increasingly interdisciplinary.

Literature review

Interdisciplinarity in higher education. Scholars have discussed
the definition and importance of interdisciplinarity in the context
of its application in higher education. According to Julie
Thompson Klein and William Newell, interdisciplinary studies
are defined as “a process of answering a question, solving a
problem, or addressing a topic that is too broad or complex to be
dealt with adequately by a single discipline or profession (Klein
and Newell, 1997, p. 3).” This definition outlines the core com-
ponents of interdisciplinarity. First, it is a problem-oriented
approach to research and education. This aligns with the chan-
ging role of universities, shifting from traditional knowledge
creators (Mode 1) to problem-solving institutions (Mode 2)
(Gibbons, 2000). Numerous qualitative studies have demon-
strated how universities engage socially to solve complex pro-
blems by employing an interdisciplinary approach (Ashwood
et al,, 2014; Bell, 2004). Second, interdisciplinary studies mobilize
multiple disciplinary knowledge and approaches to accomplish
difficult tasks. This distinguishes interdisciplinarity from multi-
disciplinarity (i.e., the mechanical connection of separate dis-
ciplines with a clear division of intellectual labor) and
transdisciplinarity (i.e., the emergence of a completely new fra-
mework of knowledge beyond disciplinary divisions) (Klein,
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2010). Third, interdisciplinarity is a process, not a static result.
This means that interdisciplinarity in higher education is realized
not only through the results of research projects but also through
undergraduate and graduate education in classrooms, research
laboratories, and fieldwork.

With a relatively stable definition of interdisciplinarity,
educational studies have focused on quantitative evaluations
and qualitative case studies of interdisciplinary education.
Nevertheless, despite numerous studies, a computational social
science approach to comprehensively analyzing higher education
institutions’ interdisciplinary education remains relatively unex-
plored. Notable exceptions include computational studies based
on the Open Syllabus archive that examine the skills taught in US
higher education curricula (Javadian Sabet et al., 2024). The study
concluded that the skills presented in university syllabi increas-
ingly embrace problem-solving capabilities and industry
demands. However, the study did not focus on interdisciplinarity
as a major characteristic of problem-solving-oriented pedagogy.
In STEM (science, technology, engineering, and medicine) fields,
engineering-led interdisciplinary educational curricula have
reportedly been adopted by global universities (Gim et al,
2025). However, this study only examined the status quo of
STEM fields, excluding the arts, humanities, and social sciences.
Furthermore, it only analyzed course titles and department names
to calculate the Curriculum Synergy Score—a new measurement
that represents interdisciplinarity among departments. It means
that our paper is one of the first attempts for comprehensive
computational analyses on the entire academic disciplines,
targeting detailed language written in syllabi.

Organizational contexts of interdisciplinary education. The
integration of interdisciplinary value into universities’ research
and education is certainly mediated by institutional and organi-
zational dynamics. Even when urgent social problems, such as
global climate change, motivate researchers to collaborate across
disciplines, the department-based organizational structure of
universities can hinder cross-departmental efforts. Conversely,
the institution’s incentive structure can trigger recombinant
efforts among different disciplines, especially when external
political and economic factors promote interdisciplinary efforts
(Frodeman et al., 2016). Scholars argue that the formal organi-
zational structure and informal organizational culture of a uni-
versity are vital to nurturing interdisciplinarity in higher
education (S4, 2008; Weingart, 2014). One of the challenges that
most universities often face is structural conservatism because the
traditional departmental structure governs resource allocation
and faculty recruitment processes within a university. Weingart
also mentioned that faculties tend to avoid interdisciplinary
teaching, and students, indeed, lose motivation to take inter-
disciplinary education, because university-wide culture signals
that career opportunities of interdisciplinary pathway would be
limited (Weingart, 2013). In other words, the extent to which
universities engage in interdisciplinary efforts represents the
institutional forces regarding how much they promote
interdisciplinarity.

Particularly, as Weingart pointed out, interdisciplinary educa-
tion is one of the hardest organizational outcomes for universities,
because of the systematic mismatch between traditional, discipline-
based formal organizational structures and the interdisciplinary
content that would be delivered in courses. This challenge poses the
puzzling question on the interdisciplinary education in higher
education—given the strong organizational inertia toward inter-
disciplinary research, how much have these organizational forces
impacted interdisciplinary education in universities? If an institu-
tion’s normative and cultural forces toward the interdisciplinarity

are stronger (DiMaggio & Powell, 1991) than the resistance of the
discipline-based educational system in universities, then inter-
disciplinary education would be as active as interdisciplinary
research. However, if the educational boundaries of departments
are more strongly protected (Weingart, 2013) than institutional
forces, the result would be reversed.

Whether the promotion of interdisciplinary education has been
successful amidst discipline-centered universities remains an
empirical question. From here, we present our data and analytical
strategies for empirically examining the temporal changes of
interdisciplinary education.

Data and methods

Data. We accessed course curricula by collecting course syllabi
uploaded to Open Syllabus (https://www.opensyllabus.org). We
chose to analyze syllabi instead of other data sources such as
course catalogs because syllabi provide rich information about
higher education curricula through sections such as course
descriptions or learning objectives. Open Syllabus is a non-profit
research organization collecting millions of syllabi. The main
purpose of its data collection is to encourage colleges to share
more syllabi, which can help textbook authors, professors, and
curriculum developers (Nowogrodzki, 2016). While Open Sylla-
bus has collected syllabi from around 140 countries, about two
thirds of the syllabi are from the United States, the United
Kingdom, Australia, and Canada. Open Syllabus data are col-
lected primarily by crawling publicly accessible university web-
sites and are regularly updated (Open Syllabus, 2023). The syllabi
data in Open Syllabus have been repurposed multiple times in
previous literature, which substantiates its reliable quality and
scale of the data (Biasi and Ma, 2022; Bourrier and Thelwall,
2020).

From the Open Syllabus database, we collected syllabi from
2004 to 2019, a period that precedes the outbreak of Covid-19.
Since Covid-19 brought substantial challenges to higher education,
many of which have not been fully resolved, we restricted our
analysis to the pre-pandemic era. We further limited our dataset to
syllabi from four-year colleges and graduate schools in the United
States in order to ensure a relatively coherent empirical scope. Our
collected syllabi covered 62 academic disciplines as defined by
Open Syllabus. We web-scraped up to 10,000 syllabi per year for
each discipline in June, 2023 because the website limited users to
access 10,000 syllabi per search. Year and discipline were the most
effective filters for narrowing down search results, but this still left
us unable to collect complete data when search results returned
more than 10,000 syllabi. We contacted the organization for help
with this issue, but they were not able to provide a solution that
met our needs. While the scraped syllabi included various class-
related details such as reading materials, our analysis focused on
the course titles and course descriptions to explore the intellectual
nature of the courses. We also considered analyzing the reading
materials as previous literature on interdisciplinary research often
measures interdisciplinarity by examining the composition of a
reference list. However, we dropped these data because there are
too many missing values, which may undermine the study’s
robustness. When we checked the five largest disciplines (business,
mathematics, computer science, English literature, engineering),
approximately 48% of syllabi lack any information about reading
lists. We also used learning outcomes to detect pedagogical
strategies. However, this section should be interpreted with
caution because 39% of syllabi lack information in this section.
The missing data were more or less evenly distributed across all
five broad fields. Additionally, we used the disciplinary categories
assigned by Open Syllabus and recorded the year each course was
provided.
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Broad field

Social sciences 37.7%

Arts and humanities 26.6%
Natural sciences 17%
Engineering and technology 13.5%

Medicine and health sciences 5.2%

Region

South 44.2%

Midwest 27.1%
West 17.1%
Northeast 1.7%

Others{ 0%

20 40 60

80

Degree level

Undergrad - 300/400 Level { 38.5%

37.8%

Undergrad - 100/200 Level

Grad 23.8%

University type

Private university § 64.5%

Public university 5 28.6%
Liberal arts school | 5.7%

Othersq 11.2%

20 40 60 80

Percentage

Fig. 1 Descriptive statistics of the analyzed syllabi between 2004 and 2019 (N = 478,233).

Before conducting text analysis of syllabi, we pre-processed the
data in three steps. First, we re-classified the 61 disciplines into
five broad fields: arts and humanities, engineering and technol-
ogy, medicine and health sciences, natural sciences, and social
sciences. (Details of this categorization can be found in
Supplementary Table S1.) Among 62 disciplines, we excluded
“Basic Skills” because it does not have a strong disciplinary
orientation. All syllabi uploaded to Open Syllabus were
categorized into one of these 61 disciplines. Newly emerged
interdisciplinary courses, such as those focusing on digital
humanities or bioinformatics, were not the exception. These
new courses were often sorted into a discipline aligned with their
substantive interests. For instance, digital humanities classes were
classified under English literature, while bioinformatics classes
were classified under biology. By observing the temporal patterns
across these broad fields, we highlighted the major changes in
interdisciplinary education.

Second, we controlled the number of syllabi in the dataset by
year. As more and more universities started sharing their syllabi
online, the number of available ones increased. For example, the
number of syllabi in 2019 was six times higher than 2004 (see
Supplementary Fig. S1). To mitigate the influence of sample size
on temporal patterns, particularly in the topic model, we
randomly sampled 30,000 syllabi per year, resulting in a total of
480,000 syllabi between 2004 and 2019. If we use the raw data
without sampling, the topic model will reflect more recent topics
than earlier ones. Since our main analytical strategy involved
comparing temporal patterns of interdisciplinarity in syllabi, we
minimized confounding factors as much as possible through this
sampling process. The sampling process helped us fairly observe
the temporal trend without being biased towards recent periods
that have the larger volume of data. Lastly, we filtered out syllabi
from non-U.S. universities (1767 syllabi, 0.4%), which made the
final dataset of 478,233 syllabi.

Syllabi were not equally distributed in five broad fields as well.
In Fig. 1, we showed that the largest broad field, social sciences,
has about seven times more syllabi than the smallest broad field,
medicine and health sciences. However, we did not go through
the additional sampling process to adjust the imbalance in broad
field. It may affect how the topic model captures patterns in detail
depending on the broad field, but since we group these topics by
broad field later, the issue of different resolution will have a
minimal effect on our results. In this case, we chose to use the
data as they are as much as possible.

Figure 1 presents descriptive statistics of the final dataset.
Among the five broad fields, social sciences account for the largest
share of syllabi, followed by arts and humanities, natural sciences,
engineering and technology, and medicine and health sciences. By
degree level, 76.2% of syllabi are from undergraduate courses,
with lower- and upper-division classes almost evenly split, and
24% from graduate courses. Regionally, the South contributes the
most syllabi, followed by the Midwest, West, and Northeast. In
terms of university type, 64.5% come from private universities
and 28.6% from public universities.

Third, we pre-processed the text data through multiple steps.
Using the spaCy package (v.3.7) in Python, we tokenized the
contents of course titles and descriptions. For this process, we
employed en_core_web_trf, its highest-accuracy transformer-
based model for English. Then, we performed “part-of-speech
tagging” to classify tokens as nouns, adjectives, or verbs and
retained only their base forms through lemmatization. Lastly, we
took into account bigrams to combine words often used together,
such as in “decision making”, “public speaking” or “criminal
justice.” After checking multiple thresholds (50, 100, 150, and
200), we defined bigrams as two words that co-occur 100 times or
more in course titles and descriptions, yielding the most reliable
set. We then combined these two words into a single token,
creating 6,128 bigrams from our data.

Methods. As the significance of interdisciplinary research has been
highlighted, measures of interdisciplinarity have largely been
developed. Scientific articles are often the empirical site where
interdisciplinarity is measured as an outcome of interdisciplinary
research. Naturally, bibliometrics provide tools to measure inter-
disciplinarity in academic articles. There are two common
approaches of measuring interdisciplinarity in bibliometrics:
structural relationships and spatial distances (Wagner et al., 2011).
The first set of measures uses relational information from academic
articles, such as collaboration or citation networks (e.g., Schummer,
2004; Klein, 2008; Levitt and Thelwall, 2008). The second set of
measures locates academic articles in a semantic space and calcu-
lates the distance between them. In this approach, inter-
disciplinarity is measured in three dimensions: variety (number of
categories), balance (evenness of distribution), and disparity or
similarity (degree of difference) (Wagner et al., 2011). As natural
language processing techniques have evolved and become available
in public datasets, researchers earn stronger tools with which to
employ distance-based methods (e.g., Xiang et al., 2025).
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We relied on previous developments in measuring interdisci-
plinarity in academic articles. Since our data, syllabi, lack
information on co-teaching or reference lists, applying the
structural relationship approach was not suitable. Therefore, we
focused on measuring interdisciplinarity using spatial distances as
a tool. We tested the interdisciplinarity of course syllabi using
three approaches: lexical, topical, and pedagogical composition.
The lexical approach measures the similarity of term frequency
distribution to determine how similar broad fields are to each
other. The topical approach measures the balance of distribution
to determine interdisciplinarity. Lastly, the pedagogical approach
analyzes not the course contents, but the types of intellectual
activities pursued by lecturers. The stable composition of these
three measures within a discipline over time shows persistence of
an intradisciplinary curriculum, while changes suggest shifts
toward interdisciplinarity. We explain each approach in the
following subsections.

Lexical composition. To compare the lexical composition across
broad fields, we used the distribution of tokens from the course
title and description by year. From the processed text data
described above, we selected only nouns and adjectives because
these parts of speech were the most accurate representation of
course content. Subsequently, we compiled the occurrences of
each extracted token by broad field and year, and created the
frequency distribution. Then, the similarity between these dis-
tributions was quantitatively assessed using cosine similarity, a
metric for measuring interdisciplinary lexical similarity. Cosine
similarity is a widely used metric that measures the similarity of
two vectors by computing the cosine of the angle between the
vectors. This measure is particularly useful compared to other
measures such as Euclidean distance or Jaccard similarity when
you compare two vectors with different sizes. For example, if you
compare two vectors, (1, 2, 3) and (2, 4, 6), they have the same
pattern except the size. Cosine similarity of these two vectors is 1,
meaning that they are perfectly matched. In contrast, when we
calculate the Euclidean distance between these two, it is a square
root of fourteen. Since our term frequency distributions have
different sizes depending on the size of broad fields, we chose the
measure that can calculate similarity regardless of the size.

With cosine similarity, we compared how similar the token
frequency distributions were across different categories within the
same year, and checked if these similarities held over time. This
approach helped us see simultaneously whether the use of
popular tokens had changed within and across academic fields.
By doing this, we tracked the interdisciplinarity of academic
content that evolved or stayed the same across different broad
categories and through the years.

Topical composition. In addition to counting token occurrences,
we compared the topical composition of syllabi within and across
broad fields over time. To identify the topics within the syllabi, we
applied the Structural Topic Model (STM), which has been
popularly used for distilling topics from various types of docu-
ments, such as open-ended survey responses and academic article
abstracts (Hannigan et al., 2019; Hofstra et al., 2020; Roberts
et al,, 2014). Similar to our lexical analysis, we only selected nouns
and adjectives as they represent the core concepts in scientific
knowledge. The STM is a natural language processing technique
based on unsupervised learning (Roberts et al., 2014). Unsu-
pervised learning means the model has no prior knowledge of
what the topics should be; it only observes topics based on the
pattern of word co-occurrence within documents. Then, the
model summarizes the given texts as a composition of latent
thematic dimensions. In simple terms, when words often co-
occur within documents, the model groups them into a latent

thematic dimension or topic. When those words are observed in a
document, the model assigns a higher probability that the
document will be classified into the topic. This idea of STM is
matched with how previous research conceptualizes scientific
knowledge, particularly when they use natural language proces-
sing techniques (Hofstra et al., 2020; Cheng et al., 2023; Key and
Sumner 2019). The final STM model provides two sets of find-
ings. The first set is a list of topics that most optimally describe
the corpus, along with keywords per topic. The second set is a list
of documents (in this case, syllabi) represented by a mixture of
the provided topics, each with a weight.

Using our tokenized text data, we implemented the STM with
15 topics. The number of topics was chosen to maximize
semantic coherence—where higher semantic coherence means
more coherent topics—and minimize exclusivity residuals, where
lower exclusivity residuals indicate more exclusive topics. By
comparing these two measures and manually reviewing the
results, we determined that 15 topics were the most optimal (see
Supplementary Figs. S2 and S3 online for more information on
measures and diagnostic values.) The keywords and portion of 15
topics are shown in Fig. 2. Since the STM algorithm sorts
keywords into topics in a way that optimally allocates terms by
topic, the resulting topics may not perfectly align with human
perception. For example, the term “forensic” in Topic 7 does not
align with the other seemingly relevant terms related to
mathematics in the same topic. Although there are a few
exceptions, we use this result as is instead of adding human
judgment to the model because authors” expertise is limited and/
or biased and cannot span the entire field of science.

With these fifteen topics, we allocated each topic to one of the
five broad fields based on the field that predominantly
represented the topic. To determine the field, we analyzed the
overall topic distribution across the five fields, and identified the
field that discussed the topic most extensively in 2004. For
example, Topic 5 was categorized as an arts and humanities topic
because this topic accounted for 23% of arts and humanities
content in 2004, compared to only 1.2% in social sciences, 1.7% in
natural sciences, 0.6% in engineering and technology, and 1.1% in
medicine and health sciences. Following this criterion, we found
three topics associated with arts and humanities (3, 5, 12), two
with engineering and technology (10, 13), one with medicine and
health sciences (4), three with natural sciences (1, 7, 8), and four
with social sciences (2, 9, 11, 14). We excluded Topics 6 and 15
from the analysis due to their lack of clear correspondence with
established academic disciplines. Topic 15 is borderline because
the list of keywords includes arts and humanities keywords, such
as moral and philosophy, but also stop words such as much, thing,
and many. To determine whether Topic 15 is irrelevant, we
checked additional keywords beyond the ten shown in Fig. 2.
These keywords include different, view, mind, insight, philosopher,
sense, thought, deep, reason, and one. Based on this list, we
decided that Topic 15 is too general to categorize into one broad
field. Also, there was one exception: Topic 2. The keywords
representing Topic 2 include keywords such as education, school,
teaching, and curriculum. Although this indicates that Topic 2
relates to educational themes and that its broad field is the social
sciences, this topic most stood out in medicine and health science
in 2004, at 11%. However, we assigned this topic to the social
sciences, which includes education, because Topic 2 occupied a
comparable portion (10%) in 2004 and was more closely related
in terms of keywords. Lastly, we checked the validity of our topic
categorization by examining the thirty syllabi with the largest
proportion of each topic. We confirmed that all of the top thirty
syllabi are from disciplines within the assigned broad field.

With the topic model results, our main goal of the analysis was
to detect shifts in the content of each broad field, thus providing
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Top Topics

Topic 6: research, graduate, undergraduate, week, senior, session, seminar, weekly, in

Topic 3: race, african, colonial, black, civil_war, africa, latin_america, empire, gender, racial

Topic 14: business, financial, accounting, marketing, firm, strategic, manager, managerial, financial_statemg

Topic 9: leadership, interpersonal, ethic, communication, ethical, social, public_speaking, organizational, mot|

Topic 15: question, moral, philosophy, much, thing, philosophical, possible, answer, many, way

Topic 8: biology, chemistry, biological, genetic, earth, ecology, animal, cell, organism, molecular

Topic 5: music, christian, church, dance, theatre, musical, ministry, theology, biblical, drama

Topic 2: education, school, teaching, educational, teacher, curriculum, practicum, instructional, learning, child

Topic 12: writing, spanish, grammar, vocabulary, essay, english, german, grammatical, linguistic, arabic

Topic 1: statistical, statistic, physics, probability, quantitative, regression, thermodynamic, hypothesis_testing, econometr

Topic 11: international, government, macroeconomic, criminal, federal, crime, constitutional, legal, policy, criminal_justice|

Topic 13: programming, algorithm, graphic, drawing, java, animation, camera, digital, computer, cs

Topic 10: network, database, networking, gis, technology, information, protocol, cybersecurity, circuit, transportation

Topic 4: health, care, nursing, medical, disorder, nutrition, therapy, patient, drug, healthcare

Topic 7: calculus, mathematic, algebra, math, forensic, geometry, proof, linear_algebra, equation_inequality, algebraic

0.00 0.05 0.10

0.15 0.20

Expected Topic Proportions

Fig. 2 The list of 15 topics from sourced syllabi. The list of words next to the topic number indicates the top words selected by the FREX (frequency and

exclusivity) score for each topic.

insights into the evolution of academic fields. This structured
allocation allows for a focused analysis on the representation of
academic content within syllabi, facilitating a nuanced under-
standing of disciplinary interrelations and content distribution.

Next, we grouped the initial topic distribution within each
syllabus to align with the newly assigned broad categories,
examining these groupings’ distribution across different cate-
gories and years. To assess the variations in these distributions,
we employed the Herfindahl-Hirschman Index (HHI), a metric
traditionally used in economics and finance to gauge the level of
market concentration and, by extension, the competitive land-
scape of an industry. By applying the HHI to academic topic
distributions, we quantified the concentration and diversity of
disciplinary content within and across academic disciplines over
time. As a pilot study, we manually selected ten interdisciplinary
syllabi and ten discipline-based syllabi used in 2019. Then, we
calculated the HHI to validate our approach and found that the
HHI of the interdisciplinary classes was approximately one-third
that of the discipline-based classes, and statistically significant
with .05 alpha level. This indicates that the topics are more spread
out among the interdisciplinary syllabi. More details are included
in Supplementary Figs. S4 and S5 online.

Verb composition. Lastly, we focused on whether the curricula
across broad disciplines have shifted toward pursuing more
complex educational goals necessary for interdisciplinary
research. We analyzed the verbs used in syllabi to infer the
pedagogical strategies offered by instructors. We used Bloom’s
taxonomy, a well-known framework for classifying educational

6

goals (Krathwohl, 2002), to distinguish different orientations in
educational curricula. This taxonomy ranks cognitive skills from
basic to complex: remember, as the most basic skill, followed by
understand, apply, analyze, evaluate, and finally create as the most
complex skill. The framework also associates commonly used
action verbs with each level of cognitive complexity. Since its
initial development in 1956, Bloom’s taxonomy has been mod-
ified multiple times to reflect ongoing changes in pedagogical
approaches and language itself.

To reflect these changes, we incorporated action verbs from
Northeastern University (Northeastern University, Accessed
2025) and added verbs from the revised Bloom’s taxonomy from
the State University of New York at Buffalo (The State University
of New York at Buffalo, Accessed 2025), and the University of
Utah (The University of Utah, Accessed 2025) to make the list as
comprehensive as possible. We list all verbs and their classifica-
tion into six categories in Supplementary Table S2 online.

We matched the action verbs used in syllabi with the
corresponding cognitive skills from Bloom’s taxonomy. We
extracted only the verbs using part-of-speech tagging from the
same corpus we analyzed earlier. We then investigated how the
focus of education had shifted by looking at the distribution of
cognitive skills in syllabi, broken down by year and broad field.

Among the 258 words in our taxonomy, 90 were found to fit
into multiple skill categories, with some fitting up to five
categories (for more details, see Supplementary Table S3 online).
For example, the verb “explain” could correspond to the skills of
understand, apply, analyze, evaluate, and create in learning
objectives. We reviewed each word’s meaning and concluded that
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many were broad enough to be categorized into multiple levels.
To address concerns about the over-representation of words that
appear in multiple categories, we introduced a weighting system.
Words that appeared in two categories were assigned a weight of
0.5 per skill, those appearing three times received a weight of 0.33
each, those appearing four times received 0.25 each, and those
appearing five times received 0.2 each. For instance, when the
word “explain” appears in a syllabus, rather than assigning a
weight of 1 to each of the skills understand, apply, analyze,
evaluate, and create, a weight of 0.2 was assigned. Using these
weighted values, the proportion of each skill was then calculated.

Results

Temporal changes in lexical composition. Figure 3 illustrates the
changes in syllabus terminology between 2004 and 2019, as
measured by the cosine similarity of term frequency distributions.
Each large square represents the relationship between two broad
fields, divided into a 16 x 16 grid, where each small square cor-
responds to a specific year. The cosine similarity is 1 when two
vectors perfectly match, 0 when they are irrelevant to each other,
and —1 when they perfectly match in an opposite way. The color
intensity indicates the level of similarity, with darker colors
showing higher similarity. Because terminology evolves over time,
the terms used in 2004, for example, are not identical to those
used in 2019, making the cosine similarity matrix asymmetric.
For each broad field and year in a row, we compute the cosine
similarity with the corresponding year in a column.

The overall cosine similarity is relatively high at 0.60 or above,
indicating that syllabi generally use similar terms. It is not
surprising to find the generally high cosine similarity, because
syllabi serve the same purpose, introducing courses to students.
Also, we see a straightforward temporal pattern in Fig. 3. The color
consistency within each large square indicates that the relationships
between broad fields have remained stable over the 16 years
studied. For example, terms in the arts and humanities are
consistently more similar to social sciences than to engineering and
technology. Meanwhile, engineering and technology tend to share
more terminology with natural sciences than with either arts and
humanities or medicine and health sciences. Social sciences
maintain relatively high similarity across all fields, at around 0.85.

The consistent color patterns also suggest minimal changes in
term usage across fields over time. The lack of noticeable color
variation in a large square, which represents a 16-year span,
confirms that the distinct terminology of each broad field has
remained relatively unchanged over the years.

Temporal changes in topic composition. Figure 4 shows a series
of stacked bar graphs illustrating the distribution of topics in
syllabi across broad fields from 2004 to 2019. By combining the
topic composition of all syllabi, we can calculate the collective
share of the topic over time. The colors in the stacked bar graphs
represent the broad fields associated with each topic. Naturally,
topics related to the arts and humanities make up the highest
proportion within their respective field, and this pattern applies to
other fields as well. If the composition of topics has dynamically
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Fig. 4 Topic distribution of all syllabi across broad fields between 2004 and 2019.

shifted to reduce their main topic proportion, it indicates that the
field has become more interdisciplinary over time.

The actual patterns we observe in Fig. 4 are, in fact, the opposite.
The composition of topics in medicine and health sciences, natural
sciences, and social sciences remains stable over the years. In arts
and humanities, although arts and humanities topics remained
dominant during the observed period, their share gradually
decreased from 77.08% in 2004 to 70.01% in 2019. This decline
in dominance has been offset by an increase in engineering and
technology topics, which rose from 6.1% in 2004 to 10.9% in 2019.
The broad field that has gone through the most rapid change is
engineering and technology. The share of engineering and
technology relevant topics is 60.2% in 2004, but it decreases to
46.2% in 2019. The reduced share of engineering and technology
was replaced by the increased share of social science topics (18.8 to
27.9%) and natural science topics (16.6 to 20%). We tested the
robustness of our results by considering only the most prominent
topic per document and then recreating the Fig. 4 (Supplementary
Fig. S6 online). While the specific values vary slightly, the general
pattern remains with the one described in the main text.

In Fig. 5, we summarize the patterns identified in Fig. 4 by
calculating the HHI index over time, which measures the
concentration of topics. A high HHI index indicates a higher
concentration, meaning that a small number of topics dominate
the distribution of syllabi topics. This analysis supports the
patterns observed earlier, showing that the HHI index in the
natural sciences (red), social sciences (purple), and medicine and
health sciences (green) remains stable during the observed period.
Conversely, the dominance of topics in the arts and humanities,
as well as in engineering and technology, decreases over time,
signaling the development of a more interdisciplinary curriculum.

Temporal changes in educational goals. So far, we have examined
the temporal changes in the substantive content of syllabi. However,
the role of higher education—extends beyond simply delivering
content. Nearly three decades ago, Barr and Tagg highlighted the
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importance of shifting the educational paradigm from ‘instruction’ to
‘learning,” emphasizing the role of college as a place for discovering
and constructing new knowledge rather than consuming the existing
knowledge (Barr and Tagg, 1995). They argued that transforming
education into “learning” can address new and previously unknown
challenges most effectively. Interdisciplinary research aligns with this
perspective by encouraging researchers to think beyond traditional
disciplinary boundaries and develop creative solutions.

In this context, we examine whether the educational philoso-
phy in both undergraduate and graduate programs highlights the
creation of new knowledge. Using Bloom’s taxonomy categoriz-
ing educational goals based on action verbs, we assess the level of
educational complexity. The taxonomy starts with the lowest level
of learning goals, remember, followed by understand, apply,
analyze, evaluate, and create. Figure 6 presents the proportion of
action verbs in syllabi, categorized according to Bloom’s six levels.
If universities are preparing future researchers through teaching
programs to engage in interdisciplinary research, we would expect
the syllabi to broaden their educational goals to place greater
emphasis on creativity, as Weingart (2014: 4) emphasized that
“the organization of science as the basis for creative human action
should shift more and more to interdisciplinary approaches.”

The results are displayed in Fig. 6 as stacked bar graphs
showing the share of action verbs in the syllabi corpus for each
broad field. The composition of verb types remains surprisingly
stable between 2004 and 2019. Overall, the most prevalent types
of knowledge are apply and understand throughout this period.
We do not observe an increasing emphasis on educational goals
associated with create or evaluate. We perform the same analysis
by degree level to observe whether there have been any changes in
graduate programs, which are supposed to be more research-
oriented compared to the undergraduate programs. Although
graduate programs use more complex pedagogical strategies, such
as “create” or “evaluate,” than undergraduate, the proportion of
these strategies has remained stable (Supplementary Information
Fig. S7 online).
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Discussion and conclusion

Although interdisciplinary research has garnered significant
attention from researchers, policymakers, and university institu-
tions—prompting scrutiny of its effectiveness—the question of
whether our educational environment is ready for interdisciplinary
education has received little attention. This is a crucial problem,
considering the close relationship between education and research
in the higher education. As one way of investigating inter-
disciplinary education, we analyzed the syllabi of undergraduate
and graduate programs at universities in the United States, using
syllabi archived in the Open Syllabus online database from 2004 to
2019 and applying natural language processing techniques. Our
findings revealed that the terms used in university classes strongly
maintain disciplinary boundaries, rather than integrating diverse
knowledge across courses. The substantive topics discussed in
broad fields also remained stable over the observed 16-year period,
reinforcing disciplinary distinctions. If there are any changes, the
field of engineering and technology has been the quickest to move
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to interdisciplinary research by incorporating social science and
natural science knowledge, while the arts and humanities follow by
integrating engineering knowledge. Lastly, we found that the edu-
cational goals within broad disciplines have remained largely stable,
showing little progress toward higher-level goals such as critically
evaluating existing knowledge or creating new knowledge. In
summary, despite the increasing prevalence of interdisciplinary
research collaborations in universities, interdisciplinary education
seems to still be largely rhetorical. This suggests that additional
institutional efforts are needed to bridge the gap between inter-
disciplinary research and education, to establish innovative nexus
between them.

Our findings suggest that although university programs are
intended to bridge the gap between the consumers (i.e., education)
and producers (i.e., research) of knowledge, institutional efforts to
promote interdisciplinary research have not been effectively oper-
ationalized within the teaching and learning practices, as evi-
denced, at least, by course syllabi. University courses serve as

org/10.1057/541599-025-06126-7
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significant foundation for preparing future researchers, and miss-
ing this opportunity hinders the goal of advancing an inter-
disciplinary agenda. Integrating interdisciplinary research into
undergraduate and graduate classroom is clearly challenging, as
universities maintain rigid department structures in their educa-
tional programs. This may indicate that professed inter-
disciplinarity in university research is, in fact, institutionally
decoupled from universities’ everyday teaching practices. This
decoupling may be driven by multiple organizational factors
operating simultaneously, including the slow turnover of faculty
members, inadequate institutional support for interdisciplinary
teaching, and the lower prioritization of teaching efforts relative to
research excellence in contemporary higher education institutions.

Another factor that may have slowed the integration of an
interdisciplinary agenda into the universities’ teaching programs
is the negative perception of the benefits of interdisciplinary
education. Since both undergraduate and graduate coursework
are critical for mastering the basics of disciplinary knowledge,
interdisciplinary approaches may be viewed as potentially hin-
dering this training by offering only a shallow combination of
different fields. Indeed, as previous literature suggests (Daniel
et al,, 2022; MacLeod, 2018), effective interdisciplinary research is
challenging to achieve and prone to failure, which increases the
difficulty of incorporating it into educational programs. None-
theless, it is still surprising how little US universities’ teaching
programs have collectively adjusted their educational goals to
incorporate interdisciplinarity into their classrooms.

The most notable change in the middle of this otherwise stable
education system is found in the fields of engineering and tech-
nology. Driven by advancements in artificial intelligence, engi-
neering and technology have attracted significant attention and
resources over the past two decades (Bogost, 2024). These fields
expand their disciplinary interests by garnering attention from
the social and natural sciences. Interestingly, arts and humanities,
a relatively low-resource area, is also becoming more inter-
disciplinary. Arts and humanities courses have included more
materials from engineering and technology, fields that seem far
from being integrated. Future research on syllabi could examine
the different motivations and mechanisms of high- and low-
resource fields in pursuing interdisciplinary research.

Our research is significant as one of the few empirical exam-
inations of interdisciplinary education in universities that uses
big data and text analysis. At the same time, our research has
limitations and opens up numerous possibilities for applying
natural language processing techniques. We list the notable
limitations and possible future research to address these limita-
tions. First, our dataset was not a random sample of United
States universities, making it difficult to generalize the results.
Our descriptive statistics revealed that our data were biased
toward private universities, social science courses, and southern
regions. If universities have different levels of institutional force
in promoting interdisciplinary research based on type or regional
characteristics, this could lead to an underestimation or over-
estimation of the temporal pattern of interdisciplinary education.
Second, our data did not include reading lists, which could
provide valuable insight into interdisciplinary education. Similar
to how citation analysis is popular for measuring inter-
disciplinary research (Wagner et al., 2011), reading materials in
syllabi could also be an invaluable resource for understanding
interdisciplinary education. Collecting reading list data and
remeasuring interdisciplinarity could be a promising future
direction for understanding the difference between topic- and
knowledge-based interdisciplinarity (Xiang et al., 2025). Third,
rather than focusing on students’ consumption patterns, we have
focused on the interdisciplinary approach reflected in the courses
provided by departments. By either fostering students’ voluntary
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interest or mandating official courses, each university may have
encouraged students to engage in interdisciplinary coursework,
thereby exposing them to knowledge from various disciplines.
This possibility has not been considered in this paper and sug-
gests a direction for future research on changes in university
program course requirements. Fourth, our time span is limited to
sixteen years, which may be too short to evaluate the institution’s
efforts to change its educational program. Given the organiza-
tional inertia of interdisciplinary research to achieve its goals
(Weingart, 2013), it is realistic to extend the time period to
observe meaningful changes.

Data availability

We provide the necessary code to replicate the results on this
Github page: https://github.com/chooonsik/OS. The datasets are
now not publicly open, and need to be requested via Open Syl-
labus webpage (https://www.opensyllabus.org).
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