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Introduction to Interdisciplinary
Education

“As the pace of scientific discovery and innovation
accelerates, there is an urgent cultural need to reflect
thoughtfully about these epic changes and chal-
lenges. The challenges of the twenty-first century
require new interdisciplinary collaboration, which
place questions of meanings and values on the
agenda. We need to put questions about the uni-
verse and the universal back at the heart of university.”

— William Grassie (2013)

As the world becomes more complex, given the rapid ex-
pansion of technology, the changing nature of warfare,
rising energy, and environmental crises, the value of an
interdisciplinary education is increasingly obvious. Social,
political, economic, and scientific issues are so thoroughly
interconnected that they cannot be explored productively,
either by experts or students, within clear-cut disciplinary

boundaries.
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Despite this fact, several problems arise when institu-
tions try to incorporate interdisciplinary education into
their programs. Boix Mansilla (2005) noted that the as-
sessment of interdisciplinary work by students is of great
concern. She explains that because faculty are often disci-
pline-specific experts, they are unfamiliar with disciplines
outside their realm of expertise and have difficulty defin-
ing interdisciplinary work. She goes on to explain that, as a
consequence, ‘the issue [of standards] is marred by contro-
versies over the purposes, methods, and most importantly,
the content of proposed assessments” (2005, 16).

This paper offers one solution to this dilemma. The fol-
lowing analysis explores the current state of interdisciplin-
ary education, both in academia broadly, and specifically,
at West Point through its interdisciplinary Core Program.
The sections that follow will highlight the current issues
inherent in interdisciplinary education, define interdis-
ciplinary education objectives, and finally, explain the
adaptable, multi-functional, interdisciplinary rubric be-

ing implemented at the United States Military Academy
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(USMA), a rubric designed to resolve many of the issues in-

terdisciplinary educators encounter.

The Current State of Interdisciplinary
Education in Academia

“The demand is clear. Whether we try to take a stance
on the stem cell research controversy, to interpret a
work of art in a new medium, or to assess the recon-
struction of Iraq, a deep understanding of contempo-
rary life requires knowledge and thinking skills that
transcend the traditional disciplines. Such under-
standing demands that we draw on multiple sources
of expertise to capture multi-dimensional phenom-
ena, to produce complex explanations, or to solve
intricate problems. The educational corollary of this
condition is that preparing young adults to be full par-
ticipants in contemporary society demands that we
foster their capacity to draw on multiple sources of
knowledge to build deep understanding.”

— Veronica Boix Mansilla (2005, 14)

There are currently several studies, including evaluation mea-
sures, defining the essence of interdisciplinary education. The
above quote from Boix Mansilla’s ‘Assessing Student Work at
Disciplinary Crossroads” highlights the challenge educators
are experiencing in preparing students to meet today’s most
pressing problems. This paper will not attempt to address
the structure of interdisciplinary education as an institu-
tional convention, but only to define the essential skills and
capacities that a student with interdisciplinary understanding
would demonstrate. These definitions are essential to under-
standing and creating a framework for interdisciplinary learn-
ing, which is arguably the first step in adequately integrating
it into educational programs. Interdisciplinarity is a difhicult
construct to quantify, and many educators have been unable
to frame a definition of it or to assess it in student work. As
a consequence of these and other challenges, only a limited
number of colleges or universities have implemented formal
interdisciplinary programs at the institutional level.

Several analyses (Boix Mansilla 2005; Boix Mansilla and
Dawes Duraising 2007; Rhoten et al. 2008; Stowe and Eder
2002) address the key issues surrounding interdisciplinary

learning in higher education and offer proposals on how to
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address them, starting with the definition of the term “in-
terdisciplinary” One definition of interdisciplinary undet-
standing is “the capacity to integrate knowledge and modes
of thinking drawn from two or more disciplines to produce a
cognitive advancement—for example, explaining a phenom-
enon, solving a problem, creating a product, or raising a new
question—in ways that would have been unlikely through
single disciplinary means” (Boix Mansilla 2005, 16; Boix
Mansilla and Dawes Duraising 2007, 216). A definition is
particularly important because “a clear articulation of what
counts as quality interdisciplinary work, and how such qual-
ity might be measured, is needed if academic institutions are
to foster in students deep understanding of complex prob-
lems and evaluate the impact of interdisciplinary education
initiatives” (Boix Mansilla 2005, 16). An agreed-upon defini-
tion is currently lacking in academia, and this has resulted in
inconsistent grading, teaching, and learning in interdisciplin-
ary education.

One study of well regarded and established interdisci-
plinary programs in the U.S., which included Bioethics at
the University of Pennsylvania, Interpretation Theory at
Swarthmore College, Human Biology at Stanford University,
and the NEXA Program at San Francisco State University,
involved “69 interviews, 10 classroom observations, 40 sam-
ples of student work, and assorted program documentation”
(Boix Mansilla and Dawes Duraising 2007, 4). The data were
gathered in one-hour to 9go-minute semi-structured inter-
views with faculty and students inquiring about the manner
of assessment used in their respective programs. Next, exam-
ples of student work were used to give examples of what the
institution viewed as meeting the definition of interdisciplin-
arity. From the interviews and student examples, the authors
concluded that there are three core dimensions to student
interdisciplinary work: disciplinary grounding, advancement
through integration, and critical awareness (Boix Mansilla,
2005, Boix Mansilla and Dawes Duraising 2007). These core
elements are represented graphically in Figure 1.

The first core element in Figure 1, disciplinary grounding,
calls for strong base knowledge in individual disciplines. Dur-
ing the interviews, 75 percent of the interviewed faculty felt
that strong subject-area knowledge was necessary for inter-
disciplinary education that did not sacrifice depth in exchange
for breadth. However, the authors noted that the key to suc-
cessful disciplinary grounding also included the thoughtful

selection of which disciplines to use and how to use them.

12 SCIENCE EDUCATION AND CIVIC ENGAGEMENT 6:2 SUMMER 2014



BE WELL GROUNDED IN
THE DISCIPLINES

-- the work shows rigorous
understanding and
appropriate s election of

methods, a

s ome of the following:
dis ciplinary theories,
examples , indings,

nd forms of
comimunication.

SHOW CRITICAL
AWARENESS — the work i
mindful of the purpose and
means by which the
disciplines have beesn
brought together a5 well as
the limitations of the
contributing dis ciplines and
integration in light of the aims
of the work.

Interdisciplinary
student work
should:

ADVANCE STUDENT
UNDERSTANDING — the
work demonstrates that the
student has developed a new
model, perspective, insight,
of solution that could onby
have been possible by
integrating more than one
disciplinary lens.

FIGURE 1. Three Interrelated Criteria for Assessing Students’ Interdisciplinary Work (Boix Mansilla and

Dawes Duraising 2007, 223)

Advancement through integration, the second principle, is
universal in all student work in the sense that students are
supposed to learn from the work they do; however, what
sets it apart in interdisciplinary education is that “students
advance their understanding by moving to a new conceptual
model, explanation, insight, or solution” (Boix Mansilla and
Dawes Duraising 2007, 225). In the study, sixty-eight per-
cent of faculty identified advancement through integration
as a necessary element in interdisciplinary understanding
and as the quintessential element for the advancement of
student understanding. However, various programs and
their students interpret this core element differently. For
example, some students in in the NEXA Program at San
Francisco State University strive for complex explanations,
which evaluate the extent to which disciplines are interwo-
ven to create a broad picture of how interconnected dif-
ferent disciplines are on a given topic. Other students in
the same program prefer to use aesthetic reinterpretations
to connect the literary, historical, and social elements of a

given topic. Other students, such as those in the Bioethics
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program at the University of Pennsylvania, choose to focus
on the development of practical solutions based on of the
use of multi-disciplined ideas. The final principle from Fig-
ure I, critical awareness, refers to student work being able to
withstand examination and criticism and explicitly calls for
evidence of student reflection in their work. Student work
needs to ‘exhibit clarity of purpose and offer evidence of
reflective self-critique” (Boix-Mansilla and Dawes Durais-
ing 2007, 228).

Rhoten et al. (2008) also conducted a study focused
on the similarities and differences between the learning
outcomes of liberal arts and interdisciplinary programs.
For this particular study, the researchers used student and
faculty surveys, interviews, and tests to gather data for
their analysis. The authors explain that most liberal arts
programs “must develop student capacities to integrate or
synthesize disciplinary knowledge and modes of think-
ing,” which is very similar to the type of synthesis that is
expected from an interdisciplinary curriculum (Rhoten et

al. 2008, 3—4). The main purpose behind this study was to
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Liberal Arts Education

Interdisciplinary Education

Thinking cnitically, or possessing broad analytic

Tolerance of ambiguity or paradox

skills

Learning how to leamn Sensitivity to ethical dimensions of 1ssues
Thinking independently The ability to synthesize or integrate
Empathizing, recognizing one's own assumptions, Enlarged . hori

and seeing all sides of an issue X NI R S SR,
Exercising self control for the sake of broader Creativity. original insights. unconventional
loyalties thinking

Showing self assurance in leadership ability

Cnitical thinking

Demonstrating mature social and emotional
judgment; personal integration

A balance between subjective and objective

thinking

Holding equalitanian, liberal. pro science, and
antiauthoritarian values and beliefs

An ability to demythologize experts

Participating in and enjoying cultural expenience

Increased empowerment

(Winter et al., 1981)

(Field et al. 1994 in Klein, 2002)

TABLE 1. Comparison of Liberal Arts Education and Interdisciplinary Education Objectives

(Rhoten et al. 2008)

identify the parallels between interdisciplinary and liberal
arts programs, in order to show how a program can be made
more interdisciplinary without changing its structure or con-
tent. Table 1 shows a summary of several parallels between
a liberal arts education and an interdisciplinary education.
Rhoten et al. (2008) also analyzed empirical data to
draw out trends on the “222 institutions considered ‘Bacca-
laureate College-Liberal Arts institutions’ under the 2000
Carnegie Classification system,” whether the interdisciplin-
ary programs offered were majors, minors, optional courses,
or required courses (Rhoten et al. 2008, 5). In general, “in-
terdisciplinary programs are still ‘personally driven, whereas
departments are ‘self-perpetuating” (Rhoten et al. 2008,
6). “Personally driven” simply means that if students want
to broaden their subject-area exposure they must do so on
their own.“Self-perpetuating” refers to fact that departments
within an institution need to act in their own self-interest
in order to survive and thrive; therefore they tend to avoid
interdisciplinary efforts. Interdisciplinary education does
not support the mission of individual departments, and if
students seek it, they must do so on their own initiative. One
would therefore conclude that the only way to truly incor-
porate interdisciplinary education into schools is by making
it institutionally mandated, at least for the core curriculum

that all students are required to take.
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Schools should strive to integrate interdisciplinary ef-
forts into their institutions because “interdisciplinarity
breeds innovation” (Rhoten et al. 2008, 12). Although such
innovation carries tremendous benefits, the difficulty of
measuring student and educator success was again identi-
fied as a barrier. Most schools that are already making efforts
towards interdisciplinarity believe that they are somewhat
successful according to Rhoten et al. (2008). However, in or-
der to mark and measure success, and to continually improve
interdisciplinary programs in schools, the authors propose
a value-added assessment, which is intended to provide an

“assessment regime that measures growth that has occurred
as a result of participation in the institution or academic pro-
gram” (Rhoten et al. 2008, 14). Moreover, some cross-cutting
goals that are embedded especially in interdisciplinary stud-
ies, such as life-long learning, curiosity, creative thinking,
synthesis, and integration, have acquired the reputation of
being ineffable and, correspondingly, unassessable” (Rhoten
et al. 2008, 83). This common problem was addressed by
Stowe and Eder (2002) who identified several assessment
measures that are placecl on a continuum, as seen in Figure
2. These measures can also be used to better define interdis-
ciplinary standards by providing a multi-tiered adjustable
scale that can help to quantify the assessment of student

work based on an instructor’s desired outcomes.
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FIGURE 2. Perspectives on Assessment (Stowe and Eder 2002, 84)

Stowe and Eder (2002) state that using a rubric to define
and measure interdisciplinary work would improve the “appar-
ently subjective nature” of interdisciplinary assessment. They
further recommend the rubric as a “visible standard—a scor-
ing guide—that allows the assessor and the public, for that
matter, to recognize expectations and make increasingly fine
distinctions about the quantity and quality of student learning”
(96). They expand on their recommendation by noting that
assessment must be focused on both improving interdisciplin-
ary learning and “improving student learning,” and should be

‘embedded within larger systems... and create linkages and

enhance coherence within and across the curriculum” (80).
Without cooperation across different programs, it is impos-
sible to foster an interdisciplinary learning environment.

An example of such cooperation can be seen at USMA,
where several academic departments have moved towards a
cooperative environment focused on interdisciplinary learn-
ing (Elliott et al. 2013). This paper will focus on the educa-
tion of the USMA Class of 2016 from their freshman year,
when the plan to use energy conservation and the NetZero
'project was adopted to infuse interdisciplinary themes into
their core courses. The five Student Learning Outcomes from
this effort include four individual discipline-focused outcomes
as well as a fifth, which aims to “develop an interdisciplinary
perspective that supports knowledge transfer across disciplin-

ary boundaries and supports innovative solutions to complex

1 NetZero is an energy initiative by the Department of the Army on
several Army posts, including West Point, to produce as much energy

as it consumes by the year 2020.
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energy problems/projects” (Elliott et al. 2013, 33). In a larger
sense, this objective illustrates that interdisciplinary educa-
tion addresses the mission of USMA and the Army’s focus
on the “development of adaptive leaders who are comfortable
operating in ambiguity and complexity will increasingly be our
competitive advantage against future threats to our Nation,” as
outlined by General Martin Dempsey, Chairman of the U.S.
Joint Chiefs of Staff (Elliiott et al. 2013, 30).

Framing the Problem
The Academy produces graduates who can think dynami-
cally in the ever-changing world described in the quotes from
Grassie and Boix Mansilla at the beginning of this article. At
West Point, this is accomplished by taking not only a multi-
disciplinary approach to education, but also an interdisciplin-
ary one. The Academy’s Core Curriculum describes the re-
quired classes that all cadets must complete or validate. The
Core Curriculum does not include any classes required for
a cadet’s major. Other non-academic requirements include
three tactics courses and seven physical education courses.
The interdisciplinary aspect is a new addition to the curricu-
lum. In recent years, several committees have recommended
promoting interdisciplinary approaches to better meet both
the Academy’s and the Army’s goals as outlined in Elliott et
al. (2013).

To achieve these goals, several academic departments in-

volved in the Core Curriculum developed an interdisciplinary
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program for the entering plebe® class, the Class of 2016. Dur-
ing the first week of classes, freshmen wrote an essay in their
Introduction to Mathematical Modeling course, or MA103,
about how they would use concepts from different courses
to tackle the challenges that NetZero and the alarming
problem of energy consumption in the Army pose to West
Point. After thirty instruction sessions (approximately thir-
teen weeks), the freshman revised these essays in their Com-
position course EN1o1. This time they used the knowledge
acquired throughout the semester in the English course and
in the other courses they were taking. Faculty from the De-
partment of Mathematical Sciences and the Department of
English and Philosophy evaluated these revised essays from
different perspectives to emphasize the importance and rel-
evance of multiple disciplines. This led to the realization that
it was impossible to adequately compare the essays, since the
assignments, rubrics, and faculty were not consistent and
there was no common rubric to standardize the grading ap-
proach. To mitigate this challenge, the essays were compared
in our study using the Flesch-Kincaid® test and a comparison
of the final grades for the various essays. Scores for a sample
of three essays for 25 students, a total of 75 essays, were used
to compare improvement in a measureable, quantitative man-
ner. The test consisted of a null hypothesis that there was no
significant difference among the ratings, indicating neither
improvement nor deterioration of scores from the different
assignments throughout the semester, and an alternative hy-
pothesis that there actually was a difference between scores.
A two-tailed t-test yielded p-values ranging between 0.3 and
0.6. This indicated that the Flesch-Kincaid results were in-

2 “Plebe” is a term referring to the freshman class at West Point.
3 A Flesch-Kincaid readability test is a formula designed to evaluate
the difficulty and complexity of technical writing. It consists of two

readings: grade level and reading ease. The former uses the formula
total words

0-39 ( e —— ) + 1.8 (
total sentences

to calculate a level of understanding score rated o-100 that generally

total syllables
— ) — 1559

total words

correlates with the U.S. grade standards of level of education (i.e.

a score of 8.2 means that paper is at an 8th grade level). The latter

produces a score of o-infinity (as it does not have a theoretical upper

bound) using the formula
total words

206.835 — 1.015 ( _ ) —84.6 (
total sentences

to indicate the difficulty level of reading a paper. For this reading, a

total syllables )

total words

lower score indicates a more difficult paper. The Department of
Defense uses this test to regulate its documents and manuals; most

are required to be between a 6th and 10th grade level rating.
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conclusive, meaning that neither the null nor the alternative
hypothesis could be rejected.

Despite the inconclusive results of the Flesch-Kincaid
test, there was a demonstrated improvement in student work,
albeit an improvement that was perceived on the basis of a
subjective analysis of the essays. Therefore, a new rubric was
developed to re-grade all of the essays in a standardized fash-
ion against the desired elements for that particular set of as-
signments. To facilitate a comparison, this new and straight-
forward rubric aimed at grading each assignment from the
different departments on the same scale. The grades were on
a1-10 scale, and the rubric can be seen in Table 2. The essays
were then re-graded according to the same rubric and the
results were compared again using a two-tailed t-test.

The challenge in evaluating interdisciplinary work is that
the term “interdisciplinary” is not well-defined or broadly
understood. This became even clearer after the Chemistry
faculty conducted an interdisciplinary group capstone in
the General Chemistry course with the Class of 2016 dur-
ing the second semester of their freshman year. The cap-
stone presented the students a complex and challenging en-
ergy problem that was both current and militarily relevant
to their future roles as Army officers. This project required
groups of students to write a memorandum summarizing
their findings on an experimental, portable, and green bat-
tery recharger for soldiers in the field, and then to provide
a presentation of their results to their commander. Cadets
conducted an experiment on the battery recharger to test its
efficiency, to compare it to current recharging methods, and
to address the social and leadership challenges that would
occur when this new equipment was integrated into a unit. In
addition, the capstone leveraged the students’ various courses
and experiences to scaffold understanding of key concepts
and technology necessary to engage the problem. The fresh-
man cadets were expected to utilize what they learned from
math modeling, information technology, general psychology,
and general chemistry courses in formulating their solution.

The rubric used to grade these capstones was developed
by the Chemistry faculty with input from all the participat-
ing courses, and then later utilized by the Chemistry faculty
in assessing the capstones. The collaborative rubric identi-
fied numerous concepts in each course, and as a result, it was
several pages long. Perhaps most significantly, it did not de-
fine the term “interdisciplinary” for the faculty and the stu-

dents in the capstone, nor did it make clear the associated
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How well does the cadet incorporate different disciplines into his
proposed solution? Quality work will include multiple disciplines
mentioned as well as the display of their relevance to engery
Interdisciplinary conservation and to each other.

Cadet is able to demonstrate the scope of the Army's problem with
energy and offers creative solutions (beyond turning off the lights in the
Creative Solutions/Logical Solution]barracks).

Cadet is able to display a developed understanding of how the
mathimatical modeling process is relevant to mapping energy
consumption and creating a solution to the Army's energy issues. Clear
Dynamic Modeling/Understanding [understanding of the complexity of the problem.

Essay is logically organized, free of spelling and gramatical errors. No use
of first person. After reading the essay a followable message is
conveyed with thought-out, logical, explained points. Essay has a clearly
Presentation defined topic with good conclusion.

TABLE 2. Table 2. Rubric Used to Evaluate the Population Sample of NetZero Essays from Fall 2012.

expectations. At the conclusion of the rubric, faculty were be addressed. The problem of scaling and measuring inter-
asked to rate on a 1—10 scale how interdisciplinary their stu- disciplinary education is itself interdisciplinary in nature and,
dents’ submissions were. The results, displayed in Figure 3, consequently, an abstract idea for many (Boix-Mansilla and
had a standard deviation of .186 and were inconsistent in Dawes Duraising 2007, 218). Interdisciplinary education eval-
both the average instructor rating and the range of different uation currently lacks a “sound framework” for assessment

ratings faculty assigned. This indicated that the

faculty did not share the same understanding

of “interdisciplinary” in assessing student work.

Interdisciplinary Scores

Boix Mansilla and Dawes Duraising (2007)
10

state that student interdisciplinary work should

“be well-grounded in the disciplines”“show criti-

L w

cal awareness,” and “advance student under-

’ T
standing” (223). These criteria both define the T + } i t %

L B |
*
'_

basic learning objectives of an interdisciplinary ]

education and address the need for baseline 5 _* _ +

knowledge in the subjects being addressed in a i

student work. While these criteria may not be 3|l ® 1 s

included in a rubric or other grading mechanism, 5 ¢

they provide more of a defined objective regard— . e Err:_:lr bars reflect standard deviation of instructor

ing interdisciplinary student work. 0 . . . Iasslgn:ed scnrles . . -
Although the idea of graduating interdisci- 4 5 6 7 &8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

plinary-minded students is appealing to many Instructor Section #

programs, the challenge of measuring the suc-

cess of interdisciplinary curriculums in produc-
p Y P FIGURE 3. Chemistry Instructor Evaluation of Interdisciplinary Synergy in

ing these ‘multi-disciplined” graduates has yet to Capstone Projects during Spring 2013. Courtesy of the United States
Military Academy Department of Chemistry and Life Sciences.
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since the effects of interdisciplinary efforts on student learning
are neither well-defined nor proven (Boix Mansilla 2005, 18).
As seen in Figure 2 (Stowe and Eder 2002), the assessment of
interdisciplinary work is a non-static scale where the balance
between the perspectives and entities is never quite the same
from project to project, or from class to class. Stowe and Eder
(2002) offer a flexible scale for assessment that allows each in-
terdisciplinary quality to be judged according to faculty expec-
tations: how discovery-oriented versus objective-orientated do
they want student assignments to be? Rhoten et al. (2008) do
correlate several common learning outcomes of a liberal arts
education with their interdisciplinary counterparts as seen in
Table 1. Although useful for demonstrating extensive possible
outcomes and correlations, the linkages are broadly defined
and do not specify objectives; this exemplifies the issues of
scale, definition, and the non-quantified nature of interdisci-
plinary education that currently prevail in academia.

All of the aforementioned problems can be traced to a lack
of clarity on standards (Boix-Mansilla 2005, 16). Stowe (2002)
explicitly calls for a standard for grading, collecting data, and
creating a shared understanding, which he suggests could be
found in a rubric. A standardized rubric, which is adaptable
to several mediums and is general enough to be applicable to
several disciplines, is desperately needed for evaluating and
assessing interdisciplinary work. Such a rubric needs to clearly
define the necessary elements of an interdisciplinary product
and be sufficiently adaptable to align with project require-
ments; this would resolve several of the problems we have
identified. In addition, Stowe and Eder (2002) call for the in-
clusion of very specific elements in a rubric, so that it can ad-
dress current problems and properly evaluate interdisciplinary
work. Among these requirements are assessing complex intel-
lectual processes, promoting objectivity, reliability, and validity
in assessment, clearly defining learning objectives for students,
and being flexible and adjustable for course or curriculum pro-
gression (96). Although we conducted a thorough search, we
failed to find a rubric that adequately fulfills this need.

Interdisciplinary Rubric Development

The goal of the rubric developed at USMA is to create a grad-
ing mechanism that can be used in multiple project mediums
across multiple disciplines. Simultaneously this rubric main-

tains the integrity of the interdisciplinary goals by creating a
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more defined standard with which to grade interdisciplinary
student work. The rubric also contains open areas for point
allotment as well as weighting for each category, which allows
faculty to allot points and focus where they see fit. Developing
such a rubric required several steps: defining the term inter-
disciplinary, identifying the elements that student work needs
to demonstrate in order to illustrate interdisciplinary thinking,
creating a model that visually represents the interconnectivity
of these elements, and then using the defined elements and

model to arrive at the rubric categories.

The first step in the rubric development process was to

define the term interdisciplinary:

Interdisciplinary: The seamless integration of multi-di-
mensional, multi-faceted ideas into a clearly demonstrated
understanding of an issue’s breadth and depth, with sound
judgment and dynamic thinking.

Boix Mansilla’s definition of interdisciplinary understand-
ing* provided the starting point for the development of the
rubric. Additionally, material from the research discussed
above identified missing elements from Boix Mansilla’s defi-
nition. For example, the best students’ interdisciplinary work
included ideas from multiple disciplines that were integrated
to demonstrate the level of understanding that the student
has attained.

The second step in the rubric development process was to
expand the definition of interdisciplinary, in order to create
a shared understanding between students, faculty, and those
evaluating the interdisciplinary work. To this end, the feed-
back and lessons learned from previous student work were
used to identify the elements common to successful interdis-
ciplinary work. These principles include: discipline specific
knowledge, multi-perspective understanding, integration,
practical integrated solutions, reflection, and clarity of pur-
pose. To illustrate the interconnectivity of these principles, a
conceptual model of the characteristics was created. Initially,
the intention was to create a linear model to represent the core
principles. However, several issues, such as missing connec-

tions and limited complexity, led to the immediate conclusion

4  Boix Mansilla defines interdisciplinary understanding as “the capacity
to integrate knowledge and modes of thinking drawn from two or
more disciplines to produce a cognitive advancement... in ways that
would have been unlikely through single disciplinary means” (2005,
16).
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FIGURE 4. The Cyclical Model of the Key Interdisciplinary
Characteristics. This model demonstrates the
interconnectivity of the defined interdisciplinary
elements.

that a linear model could not completely describe complex
nonlinear problem solving. The resulting model, which il-
lustrates a cyclical thinking process, is shown in Figure 4.
The model begins with the framing and scoping of the
problem before the application of discipline-specific knowl-
edge, which as we have seen is an essential starting point for
interdisciplinary work. The core principle of the integration

of ideas was partitioned into multi-perspective un-

the cycle can be used in the further learning of other
applicable disciplines. This model’s goal is not to ex-
plain the rubric, but to illustrate how interdisciplinary
education is cyclical in nature, how the characteristics
of interdisciplinary understanding are relevant to in-
terdisciplinary education, and how student learning
should continue to build.

Next, the core principles of what makes student
work interdisciplinary were established, defined, and
examined. The elements in Figure 1 above, taken from
Boix Mansilla and Dawes Duraising (2007), were
used as a starting point for the development of this
rubric’s core principles: be well grounded in the disci-
plines, show critical awareness, and advance student
leaning through understanding (223). For the pur-
pose of this rubric, some elements were modified and
expanded to create six core principles. A list of the six
core principles that were incorporated into the rubric,
along with their definitions, appear in Table 3.

Problem framing and scope are derived from the idea that
interdisciplinary work should show critical awareness. The
definition used in the rubric is very flexible, so that edu-
cators can adapt it for different project mediums and fac-
ulty, departments, and/or university requirements. Critical

awareness, as defined by Boix Mansilla (2007), includes the

derstanding, integration, and practical integrated .. ..
. . . . Core Principle Definition
solutions. Multi-perspective understanding and

discipline-specific knowledge are connected by an
addition sign, which symbolizes understanding a
topic from multiple perspectives. This illustrates
that students must be able to use discipline-spe-
cific knowledge to make this essential connection.
The arrow labeled “integration” in the lower part
of the model represents the synthesis of disci-
pline-specific knowledge and multi-perspective
understanding into practical integrated solutions.
Practical integrated solutions are then connected
to reflection via a multiplication sign to show that
reflection has a multiplicative effect on interdis-
ciplinary understanding. The arrow labeled “clar-
ity of purpose” represents the cyclical process
and shows the compilation of all the previous

elements back into discipline-specific knowledge.

Framing and Scope

Discipline Knowledge

Integration of Ideas

Clarity of Purpose

Reflection

Appropriate Presentation

Cadets are able to clearly define
a stated purpose/thesis with the
appropriate knowledge.

Strong demonstrated subject
knowledge applied correctly.

Multi-dimensional feasible, practical
solution with multi-faceted and
seamlessly connected ideas.

Demonstrated clear understanding of
the topic’s breadth and depth with a
defined purpose of investigation.

Connection of ideas indicating
reflection of the interconnectivity of
disciplines and importance of the issue
at large.

Information is presented in the
appropriate medium with proper tone,
word choice, spelling, grammar, etc.

The knowledge gained from the various parts of  TABLE 3. Basic Definitions of Mastery in Each of the Six Core Principles of
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the Interdisciplinary Rubric
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definition of purpose as well as the integration of ideas. The
definition used for problem framing and scope in the ru-
bric requires that the student’s work have a clearly defined
purpose. This was created as a separate category because
we had observed a clear trend of misunderstanding among
faculty regarding the level of complexity that they expected.
This is an important aspect of student interdisciplinary
understanding; it allows the faculty to scale assignments
according to the expected level of student understand-
ing and allows the student to recognize just how complex
and multi-disciplined a product the instructor is seeking.
For example, if students were assigned a project on how
to effectively stock a warehouse, an instructor would not
have the same expectations of a freshman who has taken
only introductory courses in mathematical modeling and
economics as of a senior who had taken nonlinear opti-
mization, supply chain management, and microeconomics
courses, Having this requirement in the rubric makes clear
the expectation that students will properly identify what
they want to address, and also allows the instructor to have
a frame of reference in a project.

The rubric’s second core principle, discipline knowledge is
well grounded in the disciplines and is intentionally more
open-ended, so that it can be readily adapted to different
departments, projects, and situations (Boix Mansilla 2007).
Identifying theories, examples, findings, methods, etc. may
not be relevant or necessary in a given problem. Therefore,
although the evaluator is given an area in the rubric that
calls for disciplinary knowledge, the rubric does not explic-
itly indicate how that knowledge is to be graded. For ex-
ample, in our warehouse stocking project, a freshman might
be expected to mathematically model the effects of chang-
ing employee wages on productivity. A university senior, on
the other hand, might be expected to produce a business
recommendation to stakeholders by addressing the intrica-
cies of supply chain management on warehouse profits as
well as its psychological implications for employees. The
discipline knowledge area of the rubric enables the evalua-
tor to determine how much knowledge and understanding
students are expected to demonstrate, while ensuring that
the importance of disciplinary understanding is not lost on
an interdisciplinary project.

The integration of ideas principle is really the quintes-
sential element for the interdisciplinarity of this rubric. All

six core principles are important interdisciplinary factors,
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but if this element were removed, the rubric could be used
for a project that is not interdisciplinary. Integration of
ideas derives its meaning from the critical awareness and
advanced student understanding pieces identified above in
Figure 1. This rubric defines integration of ideas as multi-
dimensional, feasible, practical solutions with multi-faceted
and seamlessly connected ideas. It is important to note the
difference between being integrated and being seamlessly
integrated. The seamless integration of ideas, which can
take on different meanings depending on the assignment,
is an indicator of true multi-dimensional, multi-faceted
understanding. Seamless integration. We define the term
seamlessly integrated to mean that ideas are not simply
laundry-listed, but instead are connected in an intelligent
and logical fashion. The definitional elements of multi-di-
mensional and multi-faceted identify the need for complex-
ity in student work. It is multi-dimensional when students
make use of multiple dimensions of their education or, in
other words, use multiple disciplines, in their work. Multi-
faceted means that students are able to use evidence and
knowledge to back up their multi-dimensional claims. The
most important component is that students be able to dem-
onstrate a clear understanding of what they are presenting.
This also relates to a student’s ability to demonstrate the
span of an issue’s breadth and depth. In other words, stu-
dents should be able to apply disciplines to an issue or topic
with an appropriate understanding of the level of each of
the disciplines. The use of extraneous disciplines merely for
the sake of incorporating more disciplines does not neces-
sarily make student work interdisciplinary. In fact, it contra-
dicts the idea of advancing the complexity of the student’s
thought process.. Students who apply the appropriate level
of discipline breadth and depth indicate their ability to use
sound judgment or logic, as well as their ability to think
dynamically.

The next two core principles, clarity of purpose and re-
flection, were added to address the students’ failure to in-
ternalize what they were learning and understanding; this
was revealed during the analysis of the USMA interdis-
ciplinary program. The main challenge was that students
did not fully grasp why a given project was interdisciplin-
ary, or why that was important. To alleviate this, the core
principle clarity of purpose was added to the rubric to help
students understand the “why”; the intent was to motivate

them to define the purpose of their investigation and to
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take an in-depth approach to the problem. This is dif-
ferent from problem framing and scope in a very impor-
tant way: problem framing and scope focuses on a well-
defined thesis statement or purpose statement, whereas
clarity of purpose focuses on the content of student work.
In other words, problem framing and scope ask whether
students have a clearly stated framework for their project,
while clarity of purpose asks whether they demonstrate
their personal interdisciplinary understanding and then
explain it well to their audience. Similarly, the next prin-
ciple, reflection, calls for a clear and delineated connection
of ideas and an indication that students have reflected
on the interconnectivity and importance of their areas
of study. These two core principles are drivers of intet-
nalization and cognitive advancement in interdisciplinary
learning. They are particularly important because often
students do not reflect on what they have learned. The
reflection piece is intended to facilitate a deeper under-
standing of what they are learning and to encourage stu-
dents to consider how the material fits into the greater
scheme of their education.

The final element of the rubric shown in Table 3 is
the presentation principle. This principle calls for informa-
tion that is presented in a suitable medium with proper
tone, word choice, spelling, grammar, etc. In short, did the
students address the audience correctly and present their
knowledge intelligently while doing so? This section can
be adapted to the type of project and course for which the
rubric is being used. For example, English faculty would
probably expand this section because of its importance to
their learning outcomes, whereas chemistry faculty may
place more emphasis on the discipline-knowledge portion.

The newly developed rubric was presented to the
Math course leaders for use on the freshman’s “mini”
capstone exercise in December 2013. The rubric was sent
to the faculty with minimal guidance. The feedback from
the course director made it clear that the students and
faculty did not fully grasp the intention or expectations
behind the rubric. A few factors contributed to this: sixty-
six percent of the faculty were new to the department; the
interdisciplinary expectations were not fully explained to

the faculty; although everyone received the rubric, each

5 The term “mini” is used to differentiate this capstone from the
larger and more encompassing Chemistry capstone encoun-

tered by the cadets at the conclusion of freshman year.

Olcese, et. al.: Meeting the Challenge of Interdisciplinary Assessment

instructor created his or her own rubric for the mini-
capstone; and the students who took the mini-capstone
and the faculty who graded their work were under sig-
nificant time pressure, The mini-capstone in its creation,
execution, and grading was not given adequate time due
to end of semester requirements at USMA during the
November-December time period. An important con-
clusion from this feedback was that the faculty needed to
have a common understanding of what is expected on an
interdisciplinary project. To achieve this for the General
Chemistry capstone project in the spring of 2014, a grad-
ing calibration exercise was conducted. This calibration
included good and poor examples of interdisciplinary
work from the previous yeat’s chemistry capstone, and
showed faculty how to distinguish between good and

poor work and how to use the rubric in assigning a grade.

Implementing the
Interdisciplinary Rubric

The first step in implementing the rubric was calibra-
tion with the faculty. With such an exercise, the faculty
should take away a common understanding of what ex-
actly interdisciplinarity is as well as the knowledge of
what constitutes a good final project. The plan for the
calibration exercise developed for USMA faculty who
would be grading the CHio2 General Chemistry cap-
stone in the spring of 2014 was an hour-long presentation
and discussion. Prior to the presentation, faculty received
a packet of examples of cadet work in each of the major
portions of the previous year’s capstone project. The ex-
amples included “A” work as well as examples of common
integration errors students make: the “laundry list,” the
“tacked on at the end,” and the “no real knowledge” inte-
gration errors. The “laundry list” is an example of how a
student may mention and be knowledgeable in multiple
disciplines but does not integrate them, providing instead
a“laundry list” of the different disciplines and explaining
the relevance of each individually. The “tacked on at the
end” error (or whatever we may call it) exemplifies how a
student may go in-depth in one discipline, particulatly in
the discipline for which the assignment was given, then
tack on a sentence or two at the end mentioning other
disciplines in order to call the project interdisciplinary.

The “no real knowledge” example presents a plethora of
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ideas but does not demonstrate that the student learned
or integrated disciplines and/or ideas. With these ex-
amples, faculty became more familiar with what correct
and incorrect work looked like. The “A” level example was
not meant to illustrate the perfect or only solution; it was
merely one example. Faculty evaluated each example us-
ing the standard A, B, C, D, F grading scale based on how
interdisciplinary they felt each project was.

At the start of the presentation portion of the rubric
calibration, faculty were introduced to the interdisciplin-
ary characteristics and model from Figure 4. This ensured
understanding of interdisciplinary characteristics prior to
the introduction to the rubric itself. After the characteris-
tics were covered, the results from the exercise, which the
faculty just had completed, were discussed. This clarified
any misunderstandings that faculty had about the inter-
disciplinary characteristics, while the examples of chem-
istry capstones from the previous year provided a frame
of reference. Next the rubric was thoroughly explained,
showing how it was scalable, expandable, and concise
to meet instructor needs for interdisciplinary student
projects.

The General Chemistry capstone rubric for 2014 dif-
fers from its 2013 predecessor in two very important ways.
First, it is significantly shorter; its two pages (compared
to seven pages) emphasize quality over quantity. Instead
of listing every detail of the project, the new capstone
rubric has five categories that address the math model-
ing, leadership, information security, oral communication,
and the required submission components of the project,
all without specific details. This allows the students to be
more creative in their answers to the given problem.

The 2013 rubric was not based on any interdisciplinary
principles or examples. Instead, it listed specific require-
ments from the disciplines the students were supposed
to integrate. The result was quite the opposite: the 2013
capstone projects tended to be disjointed because of the
slew of specific requirements. This year’s capstone rubric
incorporates the interdisciplinary principles described in
Table 3. Problem framing and scope is addressed in the Proj-
ect Summary section with the requirement for a bottom
line up front (BLUF), or thesis. Discipline knowledge is
asked for in the Discrete Dynamic Modeling, Persuasion
and Conformity in a Leadership Environment, and Infor-

mation Security sections. Although the course-specific
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requirements must be addressed, Integration of ideas is as-
sessed in the Oral Communication and Project Summary
sections, which requires that fluid transitions and logi-
cally ordered and related ideas be integrated. Appropriate
presentation is also adequately addressed in these sections,
as the rubric lays out clear expectations of the written and
oral presentations for students, including their tone, body
language, and level of professionalism. Clarity of purpose
and reflection are asked for in the Project Summary sec-
tion, which calls for contingency plans and thoroughly
explained analysis of the total problem.

Initial instructor feedback on the use of this rubric
is that it better defined expectations for the students’
interdisciplinary work, for both the instructor and the
students. After using the rubric in the calibration exer-
cise, instructors stated that they felt more confident and
prepared than they had in 2013 when there was no such
exercise and assessment tool available; this year they un-
derstood what was asked of them and of the students. Ini-
tial comparisons of the interdisciplinary assessments of
the students’ work from 2013 and 2014 are quite positive.
On a scale of o-10, the average interdisciplinary score
given by instructors was 5.69 in 2013, with zero being
the least interdisciplinary and 10 the most. (See Figure 3
for these data.) In 2014 this improved to 7.79 (actually
15.5/20). There was also less variability between instruc-
tors. For example, in 2013 the standard deviation of the
mean scores assigned by each of the instructors was 1.86
(Figure 3). In 2014, the standard deviation between the
instructors mean scores was .98 (1.96/20), a decrease of

over 47%.

Future Work and Conclusion

Now that the General Chemistry capstone for USMA
Class of 2017 has concluded, several analyses must be
completed to evaluate the progress of interdisciplinary
education at USMA. At a minimum, an analysis of the
grades and feedback from the students and faculty needs
to be conducted. The analysis of the grades should in-
clude a distribution of grades compared with their ex-
pected distribution, as well as a quantitative and a quali-
tative analysis of the capstones compared to the previous
years' capstones. This could be done using the methods

previously employed, including the use of Flesch-Kincaid,
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paired t-test, the distribution of the faculty’s interdisci-
plinary rating similar to Figure 3, and/or a cross-course
sample of projects re-graded by the course director.

The discussion and research that have taken
place at West Point since the first General Chemistry cap-
stone project in 2013 indicate that the results of this year’s
changes should be positive. Although there is as yet no
statistical evidence to demonstrate improvement, the gen-
eral understanding of how interdisciplinarity looks, how
to produce it, and how to assess it is much more expan-
sive now than in 2013. The reason for this might be that
faculty and students at USMA are now experienced with
interdisciplinary work and have a clearer understanding
of interdisciplinary assessment and its importance over
the course of a year.

The world is a complex and rapidly changing place
that requires its future scientists, scholars, engineers,
teachers, and leaders to think dynamically and across
disciplines.. Interdisciplinary assessment is necessary for
the future of education, particularly at West Point where
we recognize that “adaptive leaders who are comfortable
operating in ambiguity and complexity will increasingly
be our competitive advantage against future threats to
our Nation” (Elliott et al. 2013, 30). Only time will tell
whether this interdisciplinary rubric has met its goal of
creating a grading mechanism that can be used in mul-
tiple project mediums across multiple disciplines. Given
the extensive research and analysis done at West Point to
create this much- needed and useful tool, the prospects

for future interdisciplinary education are promising.
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