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Abstract

A 215t century workforce must be trained to solve not only major national and global challenges but to fit into
the current complex work environment. The challenges cannot be solved by a single discipline and require
interdisciplinary solutions only possible through the collaboration of physical, biological, and social scientists
along with engineers. The 215t century student needs to be educated so they can combine disciplinary depth
with the ability to reach out to other disciplines. Such training requires a cost-effective higher education
structure that promotes and sustains interdisciplinary research and education (IDRE). The current structure has
failed to achieve this. In response to this failure, some private universities like Dartmouth and Olin and public
institutions like the University of California Merced (UC Merced) are experimenting with giving up traditional
department silos and majors in favor of an interdisciplinary organization. These programs can serve as models
for what is to be done in U.S. higher education and may also serve as models for emerging universities in the
developing world.

1. Introduction

A 21°% century workforce must be trained to solve not only major national and global challenges but to fit into
the current complex work environment. Such training requires a flexible, cost-effective higher education
structure that promotes and sustains interdisciplinary research and education (IDRE). The current structure
serves as a barrier to, and not a platform for, transformational IDRE. Some private universities like Dartmouth
and Olin and public institutions like UC Merced and programs like the Energy and Environmental Systems
Ph.D. program at North Carolina A&T State University are experimenting with giving up traditional
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departments in favor of an interdisciplinary organization. These programs can serve as models for what is to be
done in higher education.

The U.S. National Academy of Sciences (NAS, 2004) and the 2008 IGERT program directors’ workshop made
several recommendations to advance IDRE and for developing transformative IDRE (Van Hartesveldt, 2008):
(1) allocating resources to interdisciplinary units outside departments or schools; (2) developing central
facilities that are at the disposal of faculty members from across campus or even from groups of universities;
(3) allocating research space to projects as well as to departments, and allocating a percentage of all projects’
indirect costs to supporting IDRE infrastructure; (4) ensuring that any reward system, e.g., promotion or tenure,
recognizes both the inherent difficulty and the potential value of IDRE; (5) and creating shared social spaces,
e.g. common rooms or seminar series, in which researchers may physically meet in an informal setting; (6) the
establishment of new organizational models facilitating open-ended scientific discovery and addressing social
challenges; (7) the development of goals and measures of success; and (8) the development of more dynamic
and flexible structures with some fluidity of movement and the elimination of hierarchical structures.
Universities’ administrative structure is a major barrier to IDRE. Interdisciplinary centers, institutes and degree
programs are still dominated by traditional disciplinary culture. In an address to the Ninth Annual Meeting of
the Council of Graduate Schools in the U.S. (1969) Daniel Alpert noted that “most universities have established
multidisciplinary centers that essentially serve the departments. If the university wants to address itself to today's
problems, it must establish interdisciplinary centers which are administered, staffed, and run very differently
from those of the present” (Alpert, 1969). Thus, any of the recommended changes fall short of enhancing full-
fledged interdisciplinarity. To this day, the narrow academic department still forms the predominant context
within which education and research occur. Discipline-oriented departments are in charge of teaching, faculty
advancement, degree programs and even ownership of courses. Further, university funding processes reinforce
this departmental structure. The university structure reinforces the culture in each discipline and increases the
communication barrier. The administrative structure undergirds the funding practices that hinder collaboration.
Despite the agreement to develop interdisciplinary training of students and attempts to implement the
recommendations, the success remains limited. IDRE typically requires that leaders create and sustain an
interdisciplinary culture (Derrick, 2012). It necessitates long term vision and planning by the institution
irrespective of who is in the leadership positions. Universities need leaders with long term vision who can accept
risks and are committed to the cause and willing to establish physical and financial structures that facilitate
cross-disciplinary research and education. Ultimately, real success in IDRE is possible only if the effort is
initiated and led by faculty.

Serious IDRE requires structured and deliberative initiatives and cannot happen spontaneously. Several authors
suggest that such initiatives are necessary to generate a supportive culture and that they can, along with changes
in institutional policy, facilitate high levels of success (Amabile et al., 2001; Eagan, Cook, & Joeres, 2002;
Lattuca, 2002). IDRE projects should be flexible enough to allow researchers easily to enter and exit short-term
collaborations (Rhoten, 2004). Research institutions that fail to address the needs of IDRE will miss research
funding opportunities, lag behind in research areas, and may even lose their most innovative and enthusiastic
researchers and, thus, fail to be relevant in a fast changing global and interdisciplinary economy.

In this article we will show how the current university structure acts as the major barrier both for the creation
and sustaining of interdisciplinary research and education but also for the growth of traditional disciplines. We
will show how the overall decline in the levels of achievement and interest in STEM fields in the U.S. and the
inadequate supply of skilled STEM workers is linked to this barrier. We will provide data to show the successes
of the institutions that are experimenting with giving up traditional department silos and majors in favor of an
interdisciplinary organization and how they can be used as models to make higher education institutions to be
cost effective in producing the 21 century workforce.

2. Vital Importance of IDRE to Scientific Research and Education
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The National Academies state that “Interdisciplinary Research and Education (IDRE) can be one of the most
productive and inspiring of human pursuits—one that provides a format for conversations and connections that
lead to new knowledge” (NAS, 2004). IDRE links and integrates theoretical frameworks and analytical
strengths from two or more disparate disciplines and employs methods and skills from them (Aboelela, 2007).
IDRE promotes intellectual maturity by providing the differing perspectives of collaborating disciplines and
preparing students for the complexity of the real world. IDRE allows for higher level cognitive processing by
providing the motivation for deeper learning (lvanitskaya, Clark, Montgomery, & Primeau, 2002).

The increasing complexity of societal challenges requires sophisticated research tools, concepts and methods
from various disciplines. The educational backgrounds needed by those who will meet these challenges cannot
be provided by a single discipline. For example, it is not possible to study the Earth’s climate without experts
from multiple disciplines. The complexities increase when we attempt to understand disasters linked to climate
change, where the interactions between the physical and biological processes intertwine with socio-cultural
systems. Such events offer insight into people's perceptions of and relationship to environmental forces (Pfister,
2007). Another example is research in nanoscience, nanotechnology and materials science. Nanotechnology has
been compared to the renaissance and is expected to manifest itself in unimagined ways (Fritz, 2002). Other
major issues that face society— public health, food/water security, and sustainable development— require a
collective effort by interdisciplinary groups.

Policy makers and the public increasingly expect scientific research to result in transformative socio-economic
impact. Changes in policy are said to be based on the integration of scientific information with data on the social
impacts of the research outcomes and products (Heberlein, 1988). However, IDRE is highly vulnerable to
discipline-dominated academic structures (Henry, 2005). In the competition for increasingly scarce resources,
interdisciplinary programs are often marginalized or assimilated into mainstream departments without regard
to goodness of fit. Though disciplinary specializations have led to great advances, such specializations are no
longer sufficient to advance innovation and to address the scientific, technological and societal needs of modern
society (Klein, 1996).

3. Intellectual Barriers to IDRE

The intellectual boundaries of today’s research do not always map onto disciplinary frameworks that were
developed and organized over centuries. Therefore, federal funding agencies such as the National Institutes of
Health (NIH) and the National Science Foundation (NSF) have promoted the blurring of disciplinary boundaries
by offering support for research that is explicitly "cross-cutting" or "bridging” between disciplines. Recent
efforts to change the review process for interdisciplinary proposals have also helped to overcome investigators’
fear that reviewers using the traditional process for peer review can have trouble evaluating projects that cross
disciplinary or program boundaries (AAAS, 2011).

Supporters of IDRE contend that academic institutions hinder scientific advances and limit the contributions of
science and technology to society by maintaining traditional single department approaches and organizations
associated with disciplinary specializations (NAS, 2004). Any academic’s paradigm is strongly influenced by
the home discipline (Giri, 1998; Kumar Giri, 2002). The approaches to promoting interdisciplinary programs
have varied. Most of the time, the “new” approach consists of doing more of the same - creating new
departments with interdisciplinary labels. At other times, we see calls for total transformation of a university’s
structure: wholesale elimination of disciplinary departments in favor of "problem-focused programs” (Taylor,
2009). Both approaches weaken the whole academic enterprise. Removing administrative barriers is not the
same as doing away with disciplines. The administrative unit that houses disciplines should be distinguished
from the disciplines themselves. Neither relabeling the disciplines nor abolishing them will work.

The main challenge is to enhance interdisciplinary education and research while maintaining strong disciplinary
depth under the current academic structure. The current academic structure has been cited as the main barrier
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to IDRE by most researchers. Funding in universities is linked to disciplinary programs. When institutions are
financially strapped, they have a tendency to protect “core” activities such as disciplinary research; this sort of
“protection” creates dramatic fluctuations in support for IDRE (Derrick, 2012).

A number of authors have identified a variety of factors that can contribute to failure of IDRE (Brewer, 1999;
Caruso, 2001; Feller, 2002; Golde & Gallagher, 1999; NAS, 2004; Pellmar, 2002; Rhoten, 2003; Rhoten &
Parker, 2004; Siedlok, 2009; Young, 2000).While we do not yet fully understand all the factors that facilitate
IDRE or all the barriers that inhibit IDRE, we summarize some of the main barriers here.

3-a Pride in One’'s Discipline

Success in interdisciplinary efforts requires expertise in one’s discipline, good interpersonal skills, at least one
strong leader, commitment, flexibility and willingness to learn and work. The personality traits that appear to
matter in interdisciplinary efforts include willingness to accept alternative methodologies, the ability to learn
rapidly, good leadership skills and an interest in real world issues that have long term impacts (Jacobs, 2009;
Naomi Jacobs, 2010). Amabile et al. (Amabile et al., 2001) defined three characteristics that may impact the
success of IDRE: (1) collaborative skills, (2) project relevant skills, and (3) motivation. Additional important
elements for collaboration include trust; mutual respect for other members; appreciation, understanding, and
respect for other disciplines; and the ability and the willingness to develop a common language based on the
realization that the cross fertilization of ideas among disciplines facilitates innovation and creativity.

Nearly all university faculty members are trained in disciplinary programs with specific majors and
departmental affiliations. Their values and methods are instilled during graduate school. Disciplinary
chauvinism often results with other disciplines viewed as less rigorous or important. This sense of superiority
produces a real barrier to equal partnership in the research enterprise between social scientists and STEM
professionals (Stepien, 1993).

Researchers may also resist participation in IDRE because of the rigidity of the academic structure. Faculty
members insist on staying within disciplines even when conducting IDRE, because they often feel individuals
who conduct IDRE are discriminated against by people from outside their self-defined category (the ‘in-group’)
(Fay, Borrill, Amir, Haward, & West, 2006). Feelings of disciplinary superiority will produce distrust between
researchers (Groark, 1996) leading to heated (and unproductive) discussions when people with different
backgrounds try to assert the correctness of their views (NAS, 2004).

3-b. Barriers to Student Success

To be effective contributors to the economic development of the U.S., students need to learn to communicate
effectively across disciplines, cultures and industries (Berry, 2005; Derrick, 2012; Eagan et al., 2002; Gallagher,
1993). While a strong, in-depth background in a discipline is essential for investigating these complex issues,
real-life solutions require a ‘synthesizing mind’ (Gardner, 2006) that can engage in interdisciplinary translation
and synthesis, both within multidisciplinary teams and as individuals, with the aim of developing more
comprehensive pictures of problems and their possible solutions (Golding, 2009). The implication is that we
must educate for both disciplinary and interdisciplinary expertise. Since they will see the common concepts that
appear in all disciplines, students who engage in rich cross-disciplinary experiences will have a deeper
conceptual understanding of science, mathematics, and social sciences content (Frykholm & Glasson, 2005;
Zeidler, 2002), which will improve their grasp of disciplinary concepts (Berry, 2005).

Disciplinary barriers can be burdensome for students conducting IDRE for their thesis or dissertation because
these students must meet traditional departmental graduation requirements. Departments have nearly complete
control over administering financial support for students, determining the curriculum and setting the standards
to meet various requirements (Golde & Gallagher, 1999). Departments own and control courses. The current
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academic structure has led to excessive redundancy in course offerings, limiting opportunities for students in
course selection. Each department offers what it considers its “core-disciplinary courses” with little or no effort
to show relevance to other disciplines. The current structure and lack of collaboration between the various
academic silos has several consequences in the learning outcomes of students. A structure that allows
interdisciplinary course and project opportunities can help students learn the value of thinking in non-traditional
ways. It provides faculty members opportunities to work and teach in teams, which in turn allow students to
learn ‘teaming’ skills.

3-c. Problem with Transfer of Knowledge from One Discipline to Another

Transfer is the ability to extend what one has learned in one context to new contexts. If students are unable to
transfer what they are learning from course to course or discipline to discipline, they will have difficulty
applying what they have learned to solve new problems. Research is lacking on how to help learners transfer
competencies learned in one discipline or topic area outside the discipline or topic area (NRC, 2012). Helping
students develop transferable knowledge that can be applied to solve new problems or respond effectively to
new situations is being hindered by the current disciplinary structure. It is important to provide opportunities
for students to use knowledge in multiple contexts so that they can see how skills or problem-solving strategies
can be generalized. This approach is again hindered by the lack of collaboration among the disciplines in design
and development of courses to meet the needs of the students in a variety of settings. The segregation of
disciplines by departments is the reason why faculty lack experience in developing and assessing course
offerings that cut across disciplinary boundaries within the traditional STEM communities or those offerings
that explore the ethical or socio-economical dimensions of STEM fields.

A finding from the study by Cui (Cui, 2006) is that a majority of STEM students possess requisite calculus
skills, yet have difficulties in applying them in the context of physics, being unclear about the criteria to
determine whether calculus is applicable in a given problem. This result is consistent with previous research on
transfer of learning from algebra to physics (Tuminaro, 2004). Another example of transferability problems
occurs when physicists teach physics to biology or pre-med students. (Meredith & Bolker, 2012; Meredith &
Redish, 2013) pointed out the lack of biological relevance in traditional physics courses as a problem since the
introductory sequence is the only physics that life-sciences students take. Introductory physics does not support
students in biology, a field that has grown explosively with the development of new techniques and instruments
that enable biologists to gain deeper understanding of the physiochemical processes of life at all scales.

3-d. Lack of Shared Models and Common Language

A related problem to disciplinary compartmentalization is the absence of both shared models and common
language, leading to ineffective communication (Adrianna Kezar, 2009; Susan H. Frost, 2003; Wear, 1999).
Disciplinary journals or textbooks use different notations or create their own particular vocabularies (jargon) to
describe the same thing. One often needs to make the notations and the jargon in other disciplines commensurate
with each other to be able to communicate and work effectively on IDRE. It is hard to comprehend disciplinary
jargon used, for example, in seminars and published articles (Jeffrey, 2003; Massey et al., 2006). The notations,
symbols, and equations used often change even within the sciences. Students taking electives in other disciplines
could easily get lost and misunderstand concepts that they have seen previously in the courses in their major
area. Researchers undertaking IDRE have reported issues of this nature, where the same word can mean
different things in the ‘languages’ of different disciplines (Bruce, Lyall, Tait, & Williams, 2004). Pickett
(Pickett, Burch, & Grove, 1999) note that issues of communication can arise due to differences in context and
assumptions. Researchers are often unwilling to move outside a personal perspective or from their own
discipline, a view that may have been developed over the course of many years (Gooch, 2005). Many
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researchers understand the rigidity of disciplinary structures, but they persist in staying well within them and
are reluctant to move to an interdisciplinary mode of working.

3-e. Redundancy and Duplication in Course Offerings

The division of university programs by departmental and college silos leads to unnecessary duplication. In
universities with diverse academic structures, students’ education is actively compromised by duplication. One
example is a course in thermodynamics - offered in different forms in physics, chemistry (chemical
thermodynamics), engineering  (engineering  thermodynamics), and meteorology (atmospheric
thermodynamics), in which nomenclature and sometimes even sign conventions are different. But it is possible
to develop a course in thermodynamics that introduces the basic laws and how they can be applied in the other
disciples. In so doing, it is possible to use the same language and notation throughout, avoiding and overcoming
the language barrier, and saving the resources used in offering multiple similar courses.

Another example of this phenomenon is in the teaching of statistics and computer programming. A student may
take what is in essence the exact same statistics course within the mathematics, economics, biology, agriculture,
and nursing departments. The students’ transcript will show many statistics courses, but they are only learning
the same material repeatedly. In addition, several courses are used to teach computer programming skills. The
mathematics, computer science, and engineering departments all offer courses in Matlab, C, or Java, however,
because of a lack of institutional oversight, the majority of the time in the courses is devoted to basic syntax
and flow control rather than any real disciplinary application of the programming language. To this end,
interdisciplinary course offerings are often sloppy and overly elementary.

4. Structural Barriers to IDRE

The dominant structures for research and education within universities make it difficult to conduct IDRE. What
was once a single field, natural philosophy, is now fragmented, yet IDRE in science may be considered as old
as scientific investigation itself. A problem-based approach has been the main vehicle for scientific investigation
since the time of Copernicus. As recently as the late 19th century, disciplines started to define the topics of
acceptable research and controlling pedagogy and institutional organization. The university came to be defined
as a place of learning through the disciplines (Rogers, 2003). Disciplinary “experts” control content and define
which areas of research are worthy of funding and publication. These experts have the power to label outsiders
as non-rigorous (Weiner, 1998). Interdisciplinary work is discouraged and often not given the same respect as
disciplinary research (Siedlok, 2009); or it is simply viewed as a distraction (Shinn, 2006). Those who pursue
interdisciplinary work are often penalized (Leshner, 2004). All this said, (Clark, 1995) actually identified over
8,530 disciplines and fields of knowledge, and many more are being created as research becomes more
specialized.

Also, research funding flows into disciplinary units; hiring is done by them, and literally the entire university’s
physical plant is delineated by the disciplinary division of knowledge. Deans, department chairs, and other
administrators are mainly rewarded for strengthening their own departments but not for building links to others.
The university today is partitioned along academic lines that suffocate ingenuity, no longer truly reflecting
modern intellectual life. Academic units are just categories that help non-academic accountants and business
managers to build a budget (Gazzaniga, 1998). The subsequent reward structure aggravates turf wars to the
point that often college deans and department chairs brag about how they have successfully negotiated to
increase their budget and holdings while forgetting that they are working for the greater good. Often loyalty to
a department or college leads to irrational and anti-interdisciplinary decisions in an effort to maintain the status
quo. The general interest of the students, university, and greater public is compromised.
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Methods and criteria of evaluation are different for different disciplines. It may be difficult for interdisciplinary
team members to evaluate each other's performance (Anbar, 1986). Reward systems and practices regarding
authorship of refereed publications differ among disciplines and even in different branches within a given
discipline (King CR, 1997; MOORE, 1989). Interdisciplinary team members may lack training and proficiency
in English communication skills that, in turn, may affect productivity (Barrick, 1998; Cooley, 1994).
Judgment by disciplinary peers determines the reward structure while departmental allegiances guarantee
professional recognition. Thus, it is hard to have publications recognized by disciplinary peers when faculty
members pursue IDRE (Feller, 2006; Mansilla, Feller, & Gardner, 2006). Evaluation, promotion, and tenure
processes often do not properly evaluate collaborative and interdisciplinary work. The culture and climate of
departments and campuses are mostly indifferent or sometimes even hostile to such activities (Sa, 2008).
Furthermore, the accreditation of degree programs follows strict disciplinary guidelines, and it is even
conceivable that a top scientific program could risk losing accreditation over irrelevant and even nonsensical
accreditation criteria. While many universities indicate that they wish to encourage IDRE, and some thoroughly
describe reforms and place them as strategic priorities, they do not take the necessary steps to adopt the
appropriate structures or provide appropriate incentives (or remove disincentives) for faculty members (Rhoten,
2004). For example, some institutions expect faculty to take IDRE-related responsibilities as additional duties
beyond their regular duties with the consequence that a change in college leadership could place faculty who
do not cover their disciplinary bases in jeopardy of being denied tenure or receiving a negative evaluation.

5. Lessons from Organizational Strategies to Foster IDRE

IDRE is promoted by a number of universities through the establishment of interdepartmental or
interdisciplinary degree programs (IDPs) or organized research units (centers and institutes). Several different
processes to create and fund organized research units (ORUSs) have appeared. Some are created as strategic
administrative decisions and are provided seed funding (e.g., Ohio State University, North Carolina State
University, Rutgers University, UC Berkeley, University of Connecticut, University of Virginia, Vanderbilt
University, Virginia Tech.). Others are faculty initiated efforts that gain administrative support, and some are
created as a result of interdisciplinary groups going after large amounts of external funding: NSF-STCs, NSF-
ERCs, NSF-NRTs, NOAA Cooperative Science Centers (CSCs), and NOAA Cooperative Institutes (Cls). In
almost all cases these ORUs or IDPs co-exist with disciplinary departments that retain exclusive control over
academic life through control over hiring and tenure, approval of courses and their development, requirements
for degree, and criteria for merit evaluation. Such departmental control maintains the barriers that have been
identified as hindering interdisciplinary efforts. The National Academies contends that few universities have
implemented systematic reforms to lower institutional barriers to IDRE (NAS, 2004). A study that examined
the interdisciplinary centers of major universities reported that “Universities are failing to walk the walk”- or
even to comprehend fully what doing so would entail.” (NAS, 2004) Despite the rhetoric and apparent
enthusiasm for crossing disciplines, interdisciplinary programs (IDPs and ORUS) remain relatively difficult to
initiate, fund, and sustain.

In developing IDRE, several universities have implemented formal funding programs to support and establish
ORUs by pooling resources centrally and redistributing them competitively (Sa, 2008). The funding is provided
through seed grants as part of the strategic planning efforts aimed at self-sustainability after a few years. The
Penn State and Stanford models steer faculty recruitment and time allocations towards certain interdisciplinary
areas by enacting compulsory cost reductions in the academic units to fund strategic initiatives that lead to the
creation of major institutes (Sa, 2008). The Penn State institutes were formed at the initiative of the central
administration and are centrally funded to build research capacity in the strategic areas of the university. While
faculty are appointed in academic units and research grants are managed through the schools and departments,
the institutes are established to provide a single and visible face for decentralized scientific expertise on campus
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that is not captured by traditional departmental divisions (Sa, 2008). This has, however, continued to create
tension between disciplinary departments and the institutes.

Such models provide a proof of concept case in which university leaders make strategic decisions about the
direction of growth of the research enterprise by creating and supporting these units and effectively steering the
course of institutional development. In almost every situation, IDRE requires a commitment from a university’s
administration. The centers’ needs for faculty, space, and funds must be recognized by administrators. Through
control of faculty positions, the university leadership can promote collaboration, for example, by requiring a
position to be jointly supported and evaluated by two departments (Pellmar, 2002) or by ensuring that
interdisciplinary programs do not drift back to a primarily single disciplinary perspective (Pellmar, 2002). None
of the steps are, however, transformative enough to remove the barriers.

6. Recommendations

IDRE programs if properly done can be viewed as equivalent to "new business incubators.” Administrative
structures and procedures for allocating funds need to be completely rethought to promote collaboration across
disciplines and colleges. For IDRE to flourish, for redundancies to be removed, and for lessons learned in one
course to be transferable, disciplinary courses cannot be owned, managed, and controlled by individual
disciplinary units.

For IDRE to succeed, action plans are needed to prepare faculty to recognize or value contributions from
“outside” ones’ discipline (Bruce et al., 2004; Larson & Begg, 2011). The current academic structure has been
a serious hindrance to overcoming this problem. Lack of incentive to collaborate has prevented departments
from creating a common language to improve communication.

It has been recommended that institutions reward leaders for initiating interdisciplinary programs and provide
incentives for departments to share indirect cost revenues, seed money, course-credit assignments, intellectual
property, space, personnel, and other resources. They can limit the degree to which reward structures are bound
to disciplinary silos. However, this approach requires working within the existing structure, which is the very
problem.

The recommendations made so far only try to tweak the current academic structure. They try to improve
communication and the structures for providing rewards, funding, incentives, and course offerings. Creation of
interdisciplinary centers, institutes, and degree programs that co-exist with the existing disciplinary structure
does not change who controls the funding and the processes for tenure and promotion, and course development
and approval. Reducing institutional structural and cultural barriers is not sufficient to move collaborative
research forward.

What is needed is a new approach that will simultaneously allow disciplines to flourish and grow with
unprecedented innovation brought about by open communication and collaboration with other disciplines. This
new approach will remove duplication and help students transfer skills learned in one discipline to other
disciplines. This new approach will allow educators and researchers to develop common language and
standards, minimizing and even eliminating the language barrier. It reduces the number of middle management
positions to allow resources to be fully used to improve learning and research.

We propose a structure based on the following premises:
1. Disciplinary expertise or credentials are determined by the number and level of courses that students
take. They don’t have to belong to a specific academic unit called the department or even college or

school. A degree can be earned as long as institutions have the courses and the right faculty to teach
them and based on the required number of credits taken by students.
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2. Disciplinary courses and disciplinary experts can exist in a University without an administrative unit
called the Department or the College. Courses should be taught by disciplinary experts but should be
owned by the office of academic affairs not by disciplinary units. This will make it easier for content
experts and users of these courses in other disciplines to collaborate easily in improving and revising
the courses to make them accessible and relevant.

3. When faculty are not segregated by a department or a college but develop collaborations around a
problem or issue, new knowledge, innovation, and good student learning outcomes can be insured, and
new and innovative courses can be developed to help the entire institution.

In a time of shrinking budgets in higher education, university administrators want to cut programs and
close departments based on enrollment numbers rather than the need and importance of the discipline for
economic growth. The need to close a department to save an administrative position may motivate a decision,
as opposed to serious consideration of the consequences.

6-a. University Course Development

Universities should conduct a comprehensive review of courses offered by different disciplines to identify gaps,
redundancies, and relevance for both the present and the future. The review of the courses should be made by
disciplinary experts in collaboration with other disciplines that could potentially require the courses in their
specific disciplines to make sure knowledge in a given course is transferable. This is important in the
introductory common courses like calculus, general physics, and general chemistry. A student who had a
calculus course shouldn’t have any trouble understanding the math used in general physics for example.

A redesign should also include identification of disciplinary core courses that should be available for everyone
to pursue meaningful interdisciplinary training. Such course revision can be effective if the reward structure
and budgeting is based on student credit hours generated and if efforts are made to reach out to other disciplines
to develop new knowledge and new courses that utilize methodologies from multiple disciplines. This will
encourage team teaching of courses, which will in turn help not only the learners (the students) but the faculty
teaching the course to communicate and interact closely, facilitating the required development of a common
language.

6-b. University IDRE

The interdisciplinary research centers and institutes should be developed independently of the academic units
(Departments and Colleges) and need to be housed under the University research office. Research groups
should be developed around issues and problems. Centers and institutes should be independently funded and
independently administered. These research units should be structured to overcome stagnation by continuous
assessment of the programs and the work force needs.

Research units should work closely with their academic counterparts and be encouraged to use new knowledge
developed through IDRE to be incorporated into new interdisciplinary courses. Faculty who both advance their
own discipline but also venture outside their discipline to collaborate and conduct IDRE should be rewarded.
Universities should be held accountable in making sure federally funded large interdisciplinary centers are
supported by policy and structural changes that will allow them to be sustainable.

7. Conclusion

Continued scientific and technological innovations are critical to fostering sustained economic growth and
global competitiveness. The growing complexity of today’s scientific problems along with advancements in
science and technology demand greater interdisciplinary collaboration among researchers in all disciplines
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including non-STEM disciplines. This is amplified by the demand of the job market for interdisciplinary
individuals, which in turn requires interdisciplinary training of students at all stages and interdisciplinary
thinking of faculty and administrators.

The decline in the level of achievement and interest in STEM fields in the U.S. has resulted in an inadequate
supply of workers with the desired STEM skills and education. We have argued that the decline of interest in
STEM and the decline in the number of STEM graduates is a result of university academic structure. Any
attempt to improve STEM education within the existing structure will likely lead to disappointing results.
Universities need to educate graduates who can excel and moreover adapt in an interdisciplinary and global
workforce, not only in universities’ and colleges’ disciplinary units. Graduates seeking employment in industry
require a much higher level of skills across different disciplines (Bunk, 1998). Over-specialization may create
a barrier to employment. Opportunities to provide a broader skills base in graduate education and contact with
industrial research should be explored. It should be noted that interdisciplinary education does not necessarily
mean that a person become a parody of “interdisciplinarity” -lacking in any specific disciplinary knowledge or
research direction- rather that he/she is able to work well with other disciplines, has respect for them, and is
able and willing to seek them out when there is a need for another discipline.

The recommendations listed above are being implemented in some universities. We look briefly at three below:
one public, UC Merced, and two private, Dartmouth College and Olin College. A single department brings
together faculty with expertise in a range of engineering and science disciplines. Students are mentored by
teachers who are not only experts in one or more fields but also generalists who can envision solutions that cut
across traditional disciplines.

When UC Merced was established in 2005, it eschewed traditional department silos and majors in favor of an
interdisciplinary organization (Kemsley, 2013). UC Merced features a unique academic structure that removes
barriers to interdisciplinary research common in traditional departments and fosters strong ties with physical
sciences research to life sciences, materials science, and engineering. When UC Merced opened, there were no
departments. Faculty instead organized into units that defined six undergraduate majors and several
interdisciplinary graduate groups. The overarching philosophy was to avoid being tied to traditional academic
structures and instead to rethink curricula for the 21st century and promote interdisciplinary studies. For
example, the school of natural sciences at UC Merced is organized around thematic categories to encourage
cooperation and collaboration across disciplines. It is expected that government agencies, politicians, news
organizations, community leaders and others will look to UC Merced for insights and guidance on emerging
issues. For example, UC Merced is one of the recipients of the Council of Higher Education Accreditation
(CHEA) award, an award that recognizes institutions that have been exceptional in developing and applying
evidence of student learning outcomes to improve higher education quality and accountability.

Olin College was established in 2001with a generous endowment and hopes to break with tradition to produce
technology-minded engineering entrepreneurs for the 21st century (Irving, 1998). Olin’s radically new way of
training engineers incorporates changes that many in industry and academia (reformers at the National Science
Foundation (NSF) believe most American engineers tend to be narrow specialists, ill-equipped to fill top jobs
in business or industry) say are long overdue. The College is not organized with traditional academic
departments. Instead the faculty operates as a single interdisciplinary unit with offices assigned to faculty
members without any regard to discipline. The College intends to develop a culture of innovation and
continuous improvement (NAS, 2004). NSF has funded a project to study the outcome of the innovative
engineering program at Olin, but the results have not yet been released. In 2013 Olin did receive the Bernard
M. Gordon Prize for Innovation in Engineering and Technology Education given by the National Academy of
Engineering. In 2013 starting salaries for Olin graduates were more than $18,000 above the U.S. national
average for engineers.

At Dartmouth College, sponsored research increased from $67 million to $187 million from 1993 to 2006.
Dartmouth’s STEM graduate programs have experienced change in response to this increased infusion of
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funded research, with increases in size and overall scholarly productivity (NRC, 2010). Some Dartmouth
programs were recently rated within the top 10 nationally.

We can learn from the innovative approaches at Dartmouth, Olin, and UC Merced. They demonstrate that
radical university structural changes are more easily accomplished with startup colleges (e.g. Olin and UC
Merced) but still possible with existing colleges (e.g. Dartmouth). They may also suggest that radical changes
are more easily accomplished at private colleges (e.g., Olin and Dartmouth) than at public colleges (UC
Merced).

To harness the nation’s great scientific and technological potential, government, industrial, educational and
research organizations need to work together to improve and radically change the university structure. The
structural change is needed to improve the state of STEM education and allow the integration of disciplines to
foster strong interdisciplinary collaboration among the various disciplines. This change will allow training
interdisciplinary individuals needed for the 21 century and disciplines to grow. Such training is critical for the
production of sustainable and innovative solutions to society’s most pressing challenges.
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