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T
he past decade has witnessed transformational
changes on a variety of scientific, technologi-
cal, and societal fronts. On the scientific front,

advances in system science methods, semantic in-
tegration techniques, complexity theory, and visual
analytics are making it possible to address complex
systems problems such as healthcare, climatology,
and clean energy. On the technological front, there
have been groundbreaking advances such as multi-
core processors, virtualization and cloud computing,
and handheld platforms that have revolutionized the
very nature of work. These advances are shaping
the research and education agenda for the twenty-
first century. On the societal front, technology has
transformed how people communicate, share infor-
mation, socialize, and learn. Facebook and Twitter
have transformed our modes and patterns of commu-
nication and expectations about the very nature of
collaborative work. Crowdsourcing is becoming a pop-
ular means for rapid and cost-effective information
acquisition, expertise location, and distributed prob-
lem solving. These advances have occurred none too
soon in that the interconnectedness of todays world
has made socio-technical problems increasingly more
complex and unquestionably beyond the purview of

every single discipline. Not surprisingly, this recog-
nition has spurred the recent surge in interest in
transdisciplinary system science research and edu-
cation. At the heart of transdiscipinary system sci-
ence are transdisciplinary thinking and collaboration,
complex systems modeling and evaluation, and trans-
disciplinary system science education. This change
in mindset is expected to not only enrich existing
disciplines but potentially lead to the creation of en-
tirely new disciplines. Specifically, transdisciplinary
system science holds the potential of reaching beyond
disciplinary boundaries to resolve incompatibilities
and close knowledge gaps between disciplines. The
challenge today is to energize communities and in-
stitutions of higher learning to address these chal-
lenges with a transdisciplinary mindset. This paper
discusses transdisciplinary system science from the
perspective of transforming the way we formulate
problems, model complex systems, generate hypothe-
ses, design interventions, conduct evaluations, dis-
seminate findings, and continue to learn.
Keywords: transdisciplinarity, system science,
complex systems, systems modeling, public health,
obesity control.

Transdisciplinary Journal of Engineering & Science 
ISSN: 1949-0569 online

Vol. 1, pp. 33-47, (December, 2010)

doi: 10.22545/2010/0008



Azad M. Madni
Transdisciplinary System Science: Implications for Healthcare and Other Problems of Global Significance 34

1 Introduction

While advances in social networking, collaboration,
and crowdsourcing technologies have succeeded in
“shrinkin” the world or, as Tom Friedman [1] puts it,
making it “flat,” realworld problems continue to grow
in complexity. Not surprisingly, addressing these
problems with techniques from a single discipline is
becoming increasingly less viable. Today there is a
growing recognition that it takes a combination of
disciplines to create effective solutions to complex
system problems. This fact has not gone unnoticed in
the research and education communities as evidenced
by the surge in interest in transdisciplinary research
and education worldwide.

Despite its obvious allure, operationalizing trans-
disciplinarity for a particular problem domain (e.g.,
healthcare) has its share of challenges [2 ,3 , 4, 5].
To begin with, academic and societal viewpoints dif-
fer. Fortunately, the academic research and business
communities have recognized the need for transdisci-
plinary research and education frameworks [6]. For
example, when it comes to public health, the Na-
tional Academies (National Academies, 2002) recom-
mend moving from research dominated by a single
discipline or a small number of disciplines to trans-
disciplinary initiatives. They define transdisciplinary
research as involving broadly constituted teams of re-
searchers that work across disciplines to develop and
answer significant research questions. In these recom-
mendations, transdisciplinary research implies the
formation of research questions that transcend indi-
vidual disciplines and specialized knowledge to solve
public health research questions beyond the purview
of any single discipline. In transdisciplinary public
health research, different specialties seek to combine
their expertise (and that of community members)
to collectively define health problems and jointly
pursue their solutions. The National Academies
emphasize that the one qualitatively different and
unique aspect of the transdisciplinary “process” is
the holistic blending of expert and community in-
puts to produce greater integration across disciplines
than exists today.

Transdisciplinary research implies a dialogue be-
tween the different disciplines and theories with a
view to advancing both methodological and theoreti-
cal developments [7, 8, 9, 10]. This characteristic sets
transdisciplinary research apart from some forms of
interdisciplinary research which tend to “assemble”

different disciplines around particular themes and
projects without making a commitment to changing
the boundaries and relations between them.

Against the foregoing backdrop, the differences
among intradisciplinary (or unidisciplinary), multi-
disciplinary, interdisciplinary, and transdisciplinary
research can be identified. Rosenfield [11] defines
these different types of research collaboration along a
continuum. Unidisciplinary (or intradisciplinary, as
I choose to call it) collaboration involves researchers
from a single discipline working together to address
a common problem.Multidisciplinary collaboration
involves researchers from different disciplines work-
ing independently or sequentially, each from his or
her own disciplinary-specific perspective, to address
a common problem. Interdisciplinary collaboration
involves researchers from different disciplines work-
ing jointly to address a common problem and al-
though some integration of their diverse perspec-
tives occurs, participants remain anchored in their
own fields.Transdisciplinary collaboration involves
researchers from different disciplines working jointly
to create a shared conceptual framework that inte-
grates and goes beyond discipline-specific theories,
concepts, and approaches, to address a common prob-
lem. Table 1 compares and contrasts these various
forms of research initiatives.

It is worth recognizing that transdisciplinarity
has its roots in the increasing demand for relevance
and applicability of academic research to societal
challenges [12]. Not surprisingly, the two popular
definitions of transdisciplinary research today center
around academic research and societal challenges.
The academic research-oriented definition charac-
terizes transdisciplinarity as “a special form of in-
terdisciplinarity in which boundaries between and
beyond disciplines are transcended and disciplines as
well as non-scientific sources are integrated.” The
societal challenge-oriented definition characterizes
transdisciplinarity as “a new form of learning and
problem-solving involving cooperation among differ-
ent parts of society (including academia) to meet
complex societal challenges. Solutions devised are a
result of collaboration and mutual learning among
multiple stakeholders.” As can be seen from the pre-
ceding two definitions, there is no standard definition
of transdisciplinarity. What is common to both, how-
ever, is the desire to achieve unity of knowledge.
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Table 1: Collaborative Research Typology (adapted from [6]).

2 Transdisciplinary Research and
System Science

At the outset, it is worth recognizing the subtle
differences between system science [13, 14, 15] and
transdisciplinary science. One of the objectives of
system science is the unification of knowledge resid-
ing in different “worlds.” In subtle contrast, trans-
disciplinary science is concerned withdiscovering hid-
den connections between different disciplines with
a view to establishing a common platform for dis-
course among people from diverse disciplines. Peter
Checkland [16] suggests that “what we need is not in-
terdisciplinary teams, but transdisciplinary concepts;
concepts which serve to unify knowledge by being
applicable in areas which cut across the trenches
which mask traditional academic boundaries.” Nor-
bert Wiener [17] was among the first to write about
the growingly interconnected complex of concepts
and models, and about ways of interaction among
elements and organizations of complex situations
and systems. These perspectives led to the notion

of “transdisciplinary synthesis,” potentially a new
language of interconnected concepts and models ap-
plied to reasonably accurate descriptions of complex
wholes or “multi-domain ontologies.” However, while
being cognisant of the ills of hyperspecialization, it
is also important to be mindful of the fact that a
theory of everything does not devolve into a “theory
of nothing.”

The emergence of transdisciplinary research has
been several years in the making as societal prob-
lems continue to grow beyond the confines of a single
discipline [6]. As noted earlier, transdisciplinary re-
search requires collaboration beyond that addressed
by intradisciplinary, multidisciplinary, and interdisci-
plinary research. Transdisciplinary research is char-
acterized by collaborative interdisciplinary teams
engaged in transdisciplinary thinking (i.e., thinking
beyond the traditional disciplinary boundaries) to
understand and fill knowledge gaps and reconcile
incompatibilities that exist among disciplines.

Looking back a few decades, problems tended
to be relatively well-circumscribed and amenable
to analysis and solution approaches using methods
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from a single engineering discipline. Years later, led
by the aerospace industry, the discipline of systems
engineering was born. Systems engineering required
people from different disciplines to collaborate to
solve problems that were deemed unsolvable using
techniques from within a single discipline. With
the advent of systems engineering, the emphasis
shifted fromapplying the right technique to solve a
problem to identifying and bringing together the
right mix of people from different disciplines to solve
complex problems. This was the beginning of multi-
disciplinary problem-solving which has its roots in
multidisciplinary collaboration.

Collaboration among people from different disci-
plines led to the identification of knowledge gaps and
the recognition that some problems required making
extensions to the contributing disciplines. Occasion-
ally, entirely new disciplines (e.g., electromagnetics,
biomechanics, cognitive engineering, behavioral eco-
nomics) with new sets of concepts emerge from such
collaboration, and become objects of research in their
own rights. For example, electromagnetics resulted
from the union of electronic and magnetic fields and
potentials. Researchers from these two disciplines
found that the movement of a charged object created
a magnetic field. When this hidden connection be-
tween these two disciplines was discovered, it created
an entirely new field–electromagnetics.

Along with cross-fertilization and cross-pollination
among disciplines came the recognition that there
were incompatibilities among disciplines arising pri-
marily from differences in underlying assumptions
and theoretical foundations. These differences, in
part, stood in the way of knowledge unification across
disciplinary boundaries. It is this recognition that
leads to the realization that we need to transcend
(i.e., go beyond) disciplines to fill in knowledge voids
and harmonize disciplines. This new awakening pro-
vides the impetus for transdisciplinary collaboration
as a means to achieve knowledge unification across
disciplines and domains.

Transdisciplinary research is conducted by inter-
disciplinary teams working on complex problems
requiring expertise in multiple disciplines and knowl-
edge of different domains. The product of such
collaboration, if successful, is not merely solutions to
complex problem but also unification of knowledge
from different domains and disciplines. Ultimately,
the goal is unity of knowledge which includes not
only knowledge associated with different disciplines

but also knowledge between and across disciplines.
Figure 1 shows how interdisciplinary collaboration
can produce transdisciplinary concepts.

Transdisciplinary research stands to greatly bene-
fit from a systems perspective and, more specifically,
a system science perspective. Systems science is an
interdisciplinary field of science that is concerned
with the study of complex systems in nature, so-
ciety, and other sciences. In this paper, systems
science is used as a neutral term which subsumes
a variety of systems-related fields such as systems
theory, systems thinking, system dynamics and sys-
tem modeling. Its focus is on holistic thinking and
generative, iterative processes. Its generative nature
leads to the creation of novel hypotheses which is in
sharp contrast to reductionist approaches that begin
with pre-determined, specific hypotheses. A variety
of modeling approaches are subsumed within the
system modeling rubric including system dynamic
models, concept graphs, agent-based modeling, and
macro-micro simulation models. The infusion of sys-
tem science into transdisciplinary research provides
the means to model complex problems, and use the
model to: generate transdisciplinary hypotheses; in-
form and guide the development of interventions;
develop evaluation criteria to assess the impact of
interventions; analyze the sensitivity of interventions
to sociocultural and environmental factors; and cap-
ture lessons learned with contextual information.

Systems science also stands to benefit from trans-
disciplinary research in important ways. Transdisci-
plinary thinking and collaboration seek to challenge
traditional disciplinary boundaries with the intent of
uncovering hidden connections. Such discoveries can
potentially expand the discourse about the complex
system and lead to enhancement of system models.
The enhanced models provide a platform for the
generation of novel transdisciplinary hypotheses and
construction of transdisciplinary interventions.

What distinguishes transdisciplinary system
science-oriented thinking from traditional reduction-
ist approaches is that transdisciplinary thinking em-
phasizes lateral or associative thinking [18], often
relying on metaphors and analogies to enhance prob-
lem understanding. In particular, transdisciplinary
approaches employ integrative (or synthetic) prob-
lem solving as opposed to analytic problem solv-
ing typically employed by reductionist approaches
[6, 19]. Table 2 compares and contrasts analytic
and synthetic problem solving that underlie tradi-
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Figure 1: Transdisciplinary Concepts Emerge From Interdisciplinary Collaboration.

Table 2: Analytic versus Synthetic Problem Solving [19].

tional (reductionist) and transdisciplinary (holistic)
approaches.

3 Stimulating Transdisciplinary
Thinking and Modeling

Transdisciplinary research requires a transdisci-
plinary mindset [6]. A transdisciplinary mindset
is one that is open to questioning disciplinary as-
sumptions, and one that is willing to reach out to
other disciplines to find solutions to problems [6].
Table 3 presents some of the key characteristics of a
transdisciplinary mindset.

In recent years, researchers are turning
totransdisciplinary research frameworks and
system-based methodologies to overcome the limita-
tions of todays research infrastructure. In particular,
the National Institute of Child Health and Human
Development, National Cancer Institute, Office
of Behavioral and Social Sciences Research, and
National Institute of Health are actively soliciting
research grant applications. For example, NICHHD
is interested in establishing a center of excellence for
childhood obesity research and training based on a
transdisciplinary system science-oriented framework
and methodologies with the intent of capturing
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Table 3: Characteristics of Transdisciplinary Mindset (adapted from [6]).

etiological complexity of childhood obesity and the
potential impact of environmental and/or policy
interventions. Transdisciplinary system science is
being viewed as the means to go beyond traditional
disciplinary boundaries and thereby overcome the
limitations of existing research infrastructures. In
particular, systems-oriented research is viewed
as key to overcoming reductionist thinking and
generating sustainable solutions within the broader
social, cultural, and economic environment.

In healthcare, transdisciplinary collaboration is
critical to pushing the boundaries of intervention
approaches and, in so doing, contribute to and ex-
pand the frontiers of existing science and/or create
new science [20, 21]. In particular, transdisciplinary
collaboration is key to the formulation of crossdisci-
plinary, cross-level research hypotheses that, in turn,
enable the creation of effective structural, environ-
mental, or policy-related interventions. Ultimately,
cross-disciplinary, cross-level hypotheses are key to
creating superior structural, environmental, and pol-
icy level interventions that are key to realizing sus-
tainable solutions in the public health arena.

In this regard, systems modeling using systems
dynamics, plays a key role in breaking the traditional
“linear systems thinking” mindset that invariably at-
tenuates weak effects of meso-level interventions on
system behavioral trends. From an epistemological
perspective, traditional approaches tend to bias re-
search based on linear cause-effect models on the
most proximate cause-effect relationships and treat
the distal effects as sources of noise. However, from
a systems perspective in which one can have nonlin-
ear feedback relationships, weak relationships within
a feedback loop can accumulate over time to even-
tually become the main driver of system behavior
[22]. This is “emergent” behavior which cannot be
reduced to and reflected in the properties of the in-
dividual subsystems/components, but can only be
understood by viewing the system as a whole (i.e.,
holistically). This phenomenon complicates the eval-
uation of policy interventions. Consequently, new
methods, processes, and tools are needed to handle
the complexities of the system. For example, in
the world of childhood obesity control, without such
methods it is rarely possible to have an adequate
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theory for generating hypotheses about the complex
ways that community level interventions and their
sequence and timing can affect outcomes over time.

When a complex system is viewed from a system
dynamics perspective, the system is characterized
as a set of coupled, nonlinear differential equations.
With this characterization, it has been found that
most parameters exert some influence, however weak,
on the magnitude of the trends, and only a few pa-
rameters exert sufficient influence to actually alter
the qualitative shape of the trajectory being studied.
It is interesting to note that most model parameters
can vary significantly (50% in either direction) with-
out qualitatively impacting the shape of the system
trajectory [23]. It is equally important to note that
the influence of feedback mechanisms changes over
time; that is, the system evolves thereby confounding
previous explanations of behavior using traditional
methods. From an epistemological perspective, this
does not mean that all other mechanisms are not
contributing to shaping behavior in some way, but
rather that their contributions are small. For exam-
ple, with respect to childhood obesity control, these
minor mechanisms are likely to influence how fast
obesity trends are increasing, but are not sufficiently
influential to determine whether obesity trends show
an increase or decrease in childhood obesity [23].

4 Transdisciplinary System
Science (TSS) Application to
Public Health

4.1 Transdisciplinary System Science
Framework

Healthcare has been described as a complex adaptive
system [24, 25, 26, 27, 28] that is not amenable to
being managed by traditional command and control
methods. Instead, this complex adaptive system
can be shaped and influenced through appropriately
designed interventions and incentives. These inter-
ventions and incentives show up in the form of pol-
icy changes, new regulations, promotional programs,
and in the form of guidance counseling, therapy, ad-
vertisements, and training at the community and
individual levels. The TSS Framework presented in
this paper is an example of viewing a complex enter-
prise (e.g., healthcare) through a transdisciplinary
lens, and analyzing and evaluating the behavior of
the enterprise to a variety of interventions and incen-

tives through a system science lens. Figure 2 presents
the overall TSS Framework. The key elements of
this framework are discussed next.

TSS Blackboard. This is the shared global
database that mediates information among the vari-
ous stakeholders, and maintains status of plans, hy-
potheses, interventions, evaluations, and outcomes
that comprise the TSS Framework (Figure 2). The
blackboard architecture, based on the “cooperating
specialists” paradigm [19] ensures that the various
users of the TSS Framework interact solely with the
blackboard without having to worry about the other
“specialists” using or contributing to the blackboard.
This feature makes the TSS Framework totally scal-
able while ensuring that the addition/departure of
a “specialist” does not require changes to the other
elements or disrupt the integrity of the overall archi-
tecture. This feature is especially desirable as new
partners come into or leave the overall enterprise.

Participating Entities. The participating enti-
ties range from individuals, advisory groups, and
officials, to national and international organizations
and programs. These entities contribute resources
and information to the TSS Framework and draw on
informational resources provided by the framework.

Public Policies and Communication Strate-
gies. These include public policy changes, new
communication strategies, and behavior change in-
centives. These strategies are intended to accomplish
short-term behavior changes, produce longer-term
behavioral shifts, and, ultimately, contribute to sus-
tainable health and lifestyle changes.

Tactical Behavior Change Interventions.
These interventions, focused on short-term changes,
employ strategies that take the form of some kind
of stimulus that “jumpstarts” the process of change,
where the desired change could be, for example, in
eating habits and physical activities.

Strategic Behavior Change Interventions.
These interventions, focused on achieving longer-
term changes, employ incentives that ensure that
the community and population can “stay the course.”
Examples of staying the course are staying on a
healthy diet and exercise regimen that can ultimately
become ingrained in the community or population.

Training Programs. These initiatives, that are
tailored for each community and population, are
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Figure 2: The TSS Framework: Coordination Perspective.

intended to exploit a variety of methods and me-
dia to teach community members, trainers, commu-
nity organizers,health advocates, family members in
healthful lifestyle practices. They are also intended
to teach public health domain system modelers in a
variety of modeling methods (e.g., concept graphs,
system dynamics, agent-based simulations, Markov
models, macro-micro simulations) that can inform
the development of transdisciplinary research hy-
potheses, and transdisciplinary interventions. The
training programs are also intended to target ad-
ministrators and community organizers responsible
for administering interventions and evaluating their
impact.

Health and Lifestyle Change Outcomes.
These are sustainable results that reflect the adop-
tion of the behavioral changes by communities
and populations. These imply that the communi-
ties/populations have reached “steady state” and
are highly unlikely to revert to old bad habits and
behaviors that contribute to, for example, childhood
obesity.

4.2 TSSF Application to Complex
Healthcare Problem

Figure 3 presents the development and application
perspectives of TSSF for a complex healthcare prob-
lem (e.g., childhood obesity control). As shown in
Figure 3, starting with a basic set of enabling mod-
eling techniques and tools from different disciplines
(e.g., system dynamics, computer science, cognitive
science, social sciences), we can combine and ap-
ply these tools in new and novel ways to create the
systems science “toolbox.” This toolbox is used to
create a systems model for the complex problem
(e.g., childhood obesity control). This model pro-
vides the basis for testing and evaluating various
transdisciplinary hypotheses and interventions. The
results of model-based test and evaluation are used
to tailor the training toolbox that is used to teach
systems modeling, transdisciplinary hypotheses gen-
eration, intervention design and implementation, in-
tervention administration, and outcome evaluation.
The training toolbox supports both web-based and
instructor-led training strategies. The trainees in-
clude local community organizers and community
members involved in mitigating complex health prob-
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Figure 3: TSS Framework: Development and Application Perspective.

lems.

4.3 The TSS Process Model

The TSS process begins with Problem Formulation
followed by Systems Modeling and Analysis (Fig-
ure 4). The outputs of these activities are system
models, which inform and guide transdisciplinary
hypotheses generation, intervention design and im-
plementation, data collection, and impact evaluation.
The latter prompts formulation of new problems,
generation of new hypotheses, and design of new
interventions at multiple levels. As this closed-loop
TSS process is undertaken, transdisciplinary system
science assets are generated and persistently stored
in the TSS Assets Library (TSSAL). Concurrently,
training material is developed for teaching commu-
nities (local and international) in how to formulate
problems, how to model systems using a variety of
techniques (e.g., concept graphs, system dynamics
models, agent-based models, and parametric mod-
els), how to design interventions at multiple levels
(policy, socio-cultural, biological), and how to collect
data and evaluate results. The evaluation results

can initiate a new cycle starting with new problem
definition.

The TSSAL contains models, tools, hypotheses,
interventions, stakeholders, lessons learned about
specific interventions in terms of their immediate,
intermediate, and long-term impacts. The lessons
learned are intended to inform and guide users of
the TSSF in undertaking other major public health
initiatives. The TSSAL also contains training con-
tent and courseware. The courseware includes learn-
ing objectives, instructional strategies, tests/quizzes
and evaluation metrics. The content is stored as
shareable content objects (SCOs) in accord with the
SCORM standard. These objectives can be reused
and repurposed for a variety of training applications
[29], thereby saving time and money in training de-
velopment. In short, the vision of TSSAL is that
of a repository of TSS models, tools, facts, experi-
ments, and outcomes, that can be institutionalized
internationally to support global health initiatives.
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Figure 4: TSS Model-driven Research and Training Development Process.

4.4 Systems-oriented Model of Childhood
Obesity

Figure 5 presents a systems-oriented, multi-level,
multi-perspective model for childhood obesity prob-
lem analyses and intervention design to achieve de-
sired health outcomes. The model is based on the
recommendation of Glass and McAtee [30], who
note that since social factors (e.g., social inequality,
poverty) are difficult to study from a traditional
epidemiologic perspective, they ought to be viewed
as risk regulators or influencers of obesity-related
behaviors (at the individual, community, and public
policy levels). For example, food distribution sys-
tems alter obesity likelihood at the population level
that, in turn, lead to different rates of obesity. The
challenge is to identify the key risk regulators within
the social, physical, cultural, and economic environ-
ments that influence obesity. The concept of risk
regulators overcomes the lack of clarity about the key
obesity drivers, their locations, and the determina-
tion of the optimal intervention points. The multiple
levels of the model are intended to acknowledge both
the macro-level forces and the local environmental
factors that govern/influence eating habits and phys-
ical activity. Huang et al [31] explain this influence
chain by describing the temporally and spatially dis-
tal forces at the macro level that cascade through
organizations, through systems of food distribution,

through policies and pricing, and eventually shape
the perceptions of people. Examples of the inter-
vening variables for obesity include cultural norms,
social networks, local food availability, food prices
and taxes, physical activity amenities, psychosocial
stress, and economic conditions. These factors can
potentially act through neurologic/epigenetic reg-
ulatory pathways to affect behavior and generate
feedback loops to higher levels in the system [31].

4.5 Setting Up a Transdisciplinary
Research and Training Organization

Transdisciplinary collaboration is the hallmark of a
transdisciplinary research organization. Setting up
such an organization requires incorporating trans-
disciplinary perspectives into all aspects of the or-
ganization including organization design, research
problem formulation, hypotheses generation, inter-
vention design, intervention efficacy evaluation, and
training. Transdisciplinary collaboration involves
multiple stakeholders and multiple specialists with
different expertise areas (e.g., business operations,
system science, system modeling, obesity control,
policy design, environmental sciences, social sciences,
experimental design) working closely to: a) develop
the vision and mission statement for the research
and training organization; b) architect the organi-
zation to facilitate transdisciplinary research and
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Figure 5: Systems-oriented Multi-level Model for Childhood Obesity Control.

education; c) conduct domain analysis; d) model the
complex system at the community level; e) generate
transdisciplinary hypotheses; f) design and imple-
ment transdisciplinary interventions; and g) evaluate
efficacy of the interventions, and achievement of the
organizations objectives. The infusion of transdis-
ciplinary systems thinking and collaboration in the
design and operation of a research and education
organization is presented next.

Vision and Mission Definition involves devel-
oping the transdisciplinary research and education
agenda of the organization and the impact it is ex-
pected to have in both the short-term and longer-
term on: a) the organizations goals and objectives;
and b) health outcomes (e.g., impact on childhood
obesity rates).

Transdisciplinary Organization Design in-
volves creating an organization architecture that
lends itself to supporting transdisciplinary research
and education. This includes the leadership of the
organization, the creation of distributed collabora-
tive teams, the emphasis on capacity building in-
cluding training, setting stretch goals that push the
boundaries of intervention approaches, and laying
the groundwork for a sustainable area of new science.

Domain Analysis involves analyzing the target
problem domain form transdisciplinary perspectives.

Thus, the problem domain of childhood obesity pre-
vention and control would be analyzed from a process
perspective, socio-cultural perspective, environmen-
tal perspective, economic and educational perspec-
tive, epidemiology perspective, and intervention de-
sign perspective. As importantly, the analysis of
interactions around macroenvironmental, macroso-
cial, and biological factors would be studied from a
transdisciplinary perspective.

System Modeling involves modeling the complex
system at different levels of abstraction and from dif-
ferent perspectives using a variety of systems science
approaches and system modeling tools (e.g., concept
graphs, system dynamics, process modeling, behav-
ioral modeling at individual, organizational, and
community levels) and in the presence of a variety of
modifiers (e.g., social, cultural, environmental, eco-
nomic, educational). The overall purpose of system
modeling is to: a) enable the simultaneous examina-
tion of influences of a wide range of biological and
socio-environmental factors on obesity behavior and
outcomes; b) enable the evaluation of downstream
impacts of environmental/policy interventions; and
c) provide content for training a cadre of system sci-
entists to address complex socio-technical problems
in various significant domains such as public health
and energy.

Iterative Hypotheses Generation involves em-
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ploying the complex system model to generate trans-
disciplinary hypotheses spanning a variety of inter-
ventions (e.g., environmental and policy) including
training. The iterative nature of transdisciplinary
hypotheses generation is intended to extend disci-
plinary boundaries and occasionally uncover hidden
connections among knowledge elements from differ-
ent disciplines, thereby providing new and useful
insights for problem understanding and intervention
design.

Iterative Intervention Design and Implemen-
tation involves exploiting the system model to de-
velop effective interventions (e.g., environmental, pol-
icy, training) for a particular environment (i.e., ge-
ography, demographics, economic status, social and
environmental conditions), and implementing the
interventions in a culturally-aware, environmentally-
conscious fashion.

Evaluation encompasses intervention evaluation
(i.e., efficacy of the intervention in the target envi-
ronment), training evaluation (i.e., improvements in
trainee populations ability to model, design interven-
tions, conduct surveys, and evaluate impacts), and
organizational evaluation (i.e., the evaluation of an
organization’s ability to make its target objectives).
The latter include trainee throughput, intervention
outcomes (short-term, long-term), as well as an or-
ganization’s ability to generate sustainable revenue
streams through research, operation and training.

Curriculum Design and Training encompasses
creating the right content (i.e., training material) and
training strategies to teach target populations about
how to engage in tarnsdisciplinary thinking, design
communities, generate plans, model complex systems
at various levels (e.g., the community level), generate
transdisciplinary interventions, develop evaluation
questionnaires and schemes, and develop evaluation
metrics.

5 Towards a Transdisciplinary
System Science Research and
Education Agenda

The previous section presented the key concepts
behind a transdisciplinary system science research
framework and an illustrative example. This sec-
tion provides strategies for creating a transdisci-

plinary system science-oriented research and educa-
tion agenda.

5.1 TSS Research Agenda

A research agenda for TSS research needs to be
driven by problems of high complexity and scale
that elude traditional approaches [6, 32]. Preferably,
these problems should be of global significance to
garner international attention. Such problems tend
to be complex socio-technical problems that span
multiple disciplines, domains, societies, and cultures.
They invariably require harmonizing terminologies
across the contributing disciplines. Some of the ear-
lier work in transdisciplinary education and research
in the engineering disciplines was in relation to design
and process science [33, 34]. Examples of such prob-
lems are disaster response, childhood obesity preven-
tion and control, and global security and safety. The
fourteen Grand Challenges of the National Academy
of Engineering (http://www.engineeringchallenges.
org/ cms/challenges.aspx) all involve complex socio-
technical problems at some level. Once such prob-
lems have been formulated from different perspec-
tives, the relevant disciplines that potentially con-
tribute to their solution need to be identified and
researchers from the relevant disciplines assembled
and incentivized to participate and stay the course.
Thereafter, interdisciplinary collaboration among
these researchers needs to begin. This process can
potentially move disciplinary boundaries, resolve in-
compatibilities among disciplines, and occasionally
result in enhancing theories. The resultant body of
knowledge (BOK), after verification and validation
by transdisciplinary teams, can be incorporated into
the TSS educational agenda.

5.2 TSS Education Agenda

The TSS education agenda, in large part, “flows”
from the TSS research agenda. It begins with the
delineation of complex system characteristics that
are beyond traditional intradisciplinary and multi-
disciplinary approaches. It needs to harness find-
ings from interdisciplinary research to define new
concepts and topics for inclusion in the curricula
of the contributing disciplines. Thereafter, poten-
tial barriers to transdisciplinary education need to
be identified and discussed along with the role of
specific technologies (e.g., semantic technologies) to
potentially overcome these barriers. Finally, a set
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of canonical problems that requires the creation,
use, refinement and deployment of transdisciplinary
“bridges” (e.g., multi-domain ontologies) needs to be
included in the overall educational agenda to increase
the students understanding of problems requiring
TSS solutions.

6 Conclusions

As science moves deeper into the workings of the
universe, we will increasingly develop models and
methods that unite disciplines. Electromagnetics,
biostatistics, cognitive engineering, psychophysiol-
ogy and medical informatics are but a few examples
of this phenomenon. Today, we can engineer ma-
terials atom by atom, working very nearly at the
boundary between matter and energy. At this level,
disciplinary distinctions become almost arbitrary
as physics, chemistry, biology and engineering be-
gin to converge upon shared possibilities [35]. The
“promise of converging spaces” can be profound and
far-reaching. Some of the pressing challenges that
can be addressed through such convergence include:
mitigating the damage we inflict on the environment;
producing new materials to support the rapid devel-
opment of worldwide infrastructure, defending our-
selves against escalating chemical-biological threats;
and increasing computing power while reducing size
and cost. Such pressing priorities are beyond the
purview of a single discipline, a single institution, or
even a single society or culture.

This is the essence of the TSS approach. However,
the promise of transdisciplinarity comes with its fair
share of challenges. To begin with, any transdisci-
plinary approach requires “going beyond the labora-
tory” and into the realm of politics. No far-reaching
reform or advance is possible without getting into the
realm of politics. Very simply, politics is the process
by which humans express desires, establish priorities,
and allocate resources [35]. The key question, of
course, is whether politics will advance or hinder the
advance of promising technologies. Clearly, while
these types of questions are addressed in the realm
of politics, scientists must step forward to represent
the possibilities that may otherwise go unvoiced,
unnoticed, or worse yet, misunderstood.

For TSS research discussions to go beyond the
abstract into making a difference to pressing issues
in the realworld, researchers need to initially identify
regional problems and issues at various scales and,

after demonstrable successes, elevate their sights
to issues of national and global significance. Re-
gional issues can be identified in a variety of venues
such as energy conservation and use, environment
management systems, global climate change man-
agement, healthcare, sustainable development, and
educational reform. Once such problems have been
identified, an appropriate mix of disciplinary breadth
and depth can be specified based on the theme, issue
or problem addressed. It is almost inevitable that
addressing such socio-economic and socio-political
problems will require linking specific scientific disci-
plines with humanities.

However, realizing a TSS educational curriculum
requires several changes at the content, instruction,
and institutional levels. To begin with, course con-
tent needs to be focused on those real problems and
issues that are not amenable to solution or resolu-
tion from within a single discipline and that require
interdisciplinary teams. Second, there is a need for
faculty members with an open mind who are willing
to look for and discern emergent connections among
disciplines and develop new insights. Third, educa-
tional institutions need to not only be accepting of
this paradigm shift but, in fact, create an environ-
ment that attracts and incentivizes TSS educators
and researchers. Fourth, the curricula need to be
viewed not merely from the perspectives of depth
and breadth but from a thematic perspective. The
syllabus needs to be theme-focused, integrated with
the appropriate disciplines, and at a level of depth
and breadth consistent with the theme. Fifth, since
the internet has dramatically facilitated the con-
duct of transdisciplinary research [36], it should be
exploited in web-based learning and distance learn-
ing programs. Finally, concrete examples of theme-
related transdisciplinary solutions and experiences
need to be covered to develop transdisciplinary think-
ing skills. In conclusion, the time has come for us
to begin exploiting the “flatness” of this world with
open minds and a commitment to TSS research and
education, the next frontier in the intellectual and
societal growth of human kind.
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