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Educational Innovation in a new Online Sustainable Systems 
Engineering Masters Degree Program through Cross-Campus 

Collaboration 
 
As sustainability rapidly becomes a much-needed capability in public and private sector 
organizations, instruction that teaches necessary sustainable competencies is needed to develop 
an engineering community of practice.  The advent of sustainable engineering also requires a 
broader systems perspective, as well as a more complex system of tradeoffs and priority setting, 
since systems figure prominently in the issues surrounding resource use, “waste” assimilative 
capacity, growing population and the ability of current ecosystems to support a quality life.  
 
Unlike sustainable systems engineering practice, competencies used in traditional engineering 
decision-making are focused relatively narrowly, and this is reflected in traditional engineering 
curricula. Therefore to ensure that new engineering instruction meets the needs of industry, 
Sustainable Systems Competency modeling can be used for individuals to develop a systems 
perspective. This perspective will enable engineers to measure the impact of sustainable 
initiatives and add value for stakeholders.  
 
This paper will outline the competency model developed for a new Master of Engineering degree 
program at the University of Wisconsin-Madison, and discuss how the model was used to 
identify faculty and courses from across the broader campus that would meet the needs of a 
competency dimension.  It will then discuss a new model developed to facilitate better 
cooperation and revenue sharing between colleges and departments involved in the program, and 
detail the program development process to bring a new degree in Sustainable Systems 
Engineering to campus. 
 
Sustainability Competency Models and Curriculum Development 
 
Competency models differ from other approaches to job task assessment because models focus 
on performance rather than credentials, and define exemplary rather than minimal performance.  
The value of competency models is to provide consistent and relatively unbiased criteria for 
exemplary performance in a role or function.1 Competencies are identified knowledge, skills, 
abilities and mindsets, evaluated through demonstrated behaviors, which directly and positively 
contribute to the success of the organization and to the success of employees in their job role, 
position, or function.2 
 
Through interviews with faculty and industrial stakeholders, the University of Wisconsin-
Madison’s College of Engineering created a sustainable competency model (SCM) for the 
development of a new Masters Level Degree Program.  The model’s major dimensions, shown in 
Figure 1, include science and technology, business and economics, systems analysis, personal 
effectiveness, working across boundaries, management and planning, environmental justice and 
equity, and ideas and innovation.   
 
Within each dimension, the knowledge, skills, mindsets and behavioral attributes desired for 
engineers were further defined. For example, the science and technology competencies represent 
an advanced understanding and application of scientific principles, engineering constructs, and 
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technologies relevant to sustainability. Science and technology attributes represent a cross 
section of basic and applied science disciplines, and describe how competent sustainability 
practitioners apply these attributes in professional practice.  Attributes in this category include 
understandings of concepts, frameworks, and guiding principles. 
 

Figure 1. The Eight Dimensions of the Sustainability Systems Competency Model 
Developed for a new Graduate Engineering Degree Program  

 
 
Typical applications in the science and technology category include the ability to understand and 
use thermodynamics, and perform engineering analyses of energy use. Other dimensions in this 
competency are the ability to understand the range of sustainability issues from a local, regional 
and global perspective, and the relationships between human activities and the environment. Of 
particular interest is the integration of sustainability goals into engineering practice. Other 
competency dimensions include the development of expertise in understanding of potential 
impacts of engineering decisions upon natural and human systems as well as understanding 
climate change, adaptation, and mitigation to the extent necessary to support analyses, design 
and policy decisions.  
 
Once each dimension of the sustainability competency model was defined, the desired skills and 
attributes desired became the foundation for the learning objectives in a new graduate program. 
The goal of the program was to align the competency model with course development to create a 
“line of sight” from academia to professional practice. To begin curriculum development, the 
sustainable systems engineering lead faculty developed a matrix of required competencies 
compared to courses currently available on campus (Table 1). 
 
Gaps in the competency matrix demonstrated how traditional engineering instruction excluded 
several elements of the SCM dimensions. These were most notably observed in aspects of the 

Science & Technology 
• Application of sustainable principles 

from multiple disciplines 

Business & Economics 
• Understanding how sustainability affects 

the business enterprise 

Systems Analysis 
• Advanced engineering tools to support 

decision making 

Management & Planning 
•  Improving complex systems and 

processes over their lifecycle 

Environmental Justice & Equity 
• Behavioral perspectives and implications 

of sustainability 

Ideas & Innovation 
• Tools to engage creativity and translate 

ideas into design and practice 

Personal Effectiveness 
• Application of communication skills, 

ethical behavior and leadership 

Working Across Boundaries 
• Advanced global awareness and 

understanding of organizations and 
society 
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business practice and economics, management and planning, environmental justice and equity, 
and working across boundaries competencies. The need for instruction in these competencies 
necessitated both new course development and a cross-campus collaborative curriculum to build 
a broader systems approach. For this degree program therefore, lead faculty developed two new 
engineering courses focused on delivery of foundational competencies. The first course explores 
aspects of sustainability that affect professional engineering decision-making through the 
discussion of different sustainable science modules. The second foundational course introduces a 
range of engineering tools used to apply and interpret the impact of these principles and 
technologies in the context of sustainability.3 
 
Table 1. Course Evaluation Matrix for the Science and Technology Competency Dimension 

and Four Courses Under Consideration for Program Use 

Competency Attribute Course 
1 

Course 
2 

Course 
3 

Course 
4 

Science and 
Technology 
 

Develop a foundational understanding of essential 
sustainability concepts and frameworks (e.g. context 
and key issues from science, political, business and 
societal perspectives; frameworks for analysis; 
complexity; and guiding principles) 

++ ++  ++ 

Understand the range of sustainability issues from local, 
regional and global perspectives, and the relationships 
between human activities and the environment 

++    ++ 

Develop principles, strategies, and methods for 
incorporating sustainability goals into engineering 
practice 

++ ++ ++  

Develop understanding of potential impacts of 
engineering decisions upon natural and human systems 
(e.g., atmosphere, water, groundwater, flora, fauna) 

 ++ ++  

Understand and apply the laws of thermodynamics in 
engineering problem solving 

+  ++  

Apply engineering analyses to energy issues including 
demand, resources and technologies 

    ++  

Understand climate change, adaptation, and mitigation 
to extent necessary to support analyses, design and 
policy decisions 

+ +   + 

++ = Competency taught and evaluated by application within course 
  + = Competency taught but not evaluated 
 
The program then identified that several courses outside of the traditional engineering portfolio 
would be needed to meet the full range of the desired competencies. To facilitate partnership 
with these cross-campus departments, institutes and offices that support research and education 
within the individual competency dimensions, a better model for new program development, 
faculty engagement and revenue sharing was needed. 
 
Facilitating Cross-Campus Collaboration in new Degree Program Development 
 
Developing a new degree program is analogous to the new product development process in 
engineering. Therefore a high-level process for development with a number of stop-gate 
assessment and approval stages was outlined to ensure the program would provide academic 
benefits and match the long-term needs and capabilities of the college. As shown in Figure 2, the 
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high-level process begins with the definition of requirements, followed by a full market 
assessment to determine the viability of the new program.   
 

Figure 2. An Overview of the New Degree Consideration and Development Process 

 
If the target market and benefits criteria for a new degree program are found to be viable, and the 
business plan defines a position of strength both competitively and financially, the next stage in 
the development process is to engage the support of the campus and faculty. In the case of 
Sustainable Systems Engineering, faculty support was needed not just from the initiating 
department (Engineering Professional Development) for the degree program, but from numerous 
departments and institutes across campus. In particular, two institutions were approached very 
early in the objective and market assessment stage for their support as founding partners: the 
University of Wisconsin-Madison’s Office of Sustainability and the Division of Continuing 
Studies. 

Given the degree subject matter, an endorsement from the Office of Sustainability would show 
an alignment between the program and the campus’s plan to integrate and enhance research and 
education in sustainability science and practice across all parts of campus. The Office was 
created to acknowledge that solutions to the sustainability challenges of the future require 
integrated teams and a comprehensive approach. They also acknowledge that addressing these 
challenges in practice requires an educated workforce trained to consider sustainability broadly, 
as done in the Sustainable Systems Engineering program.  Since the goals of the two programs 
coincide, a formal partnership would put the new program in a position of strength on campus, 
and make it more desirable for faculty participation due to the interest and publicity the Office 
generates. 
 
Another partnership that would promote program support across campus was with the University 
of Wisconsin-Madison’s Division of Continuing Studies (DCS).  The mission of DCS is to 
provide access to educational resources to nontraditional students, lifelong learners, and the 
community.  This partnership was desirable because the early market assessment completed on 
the degree program found that more than 80% of potential students surveyed identified on-line 
instruction as a requirement for participation. The Division of Continuing Studies supports 
online degree program development, and can provide valuable resources for training of campus 
faculty on the methods for effective distance learning. 
 
After discussion with these two groups that secured their support, the degree’s lead faculty 
mapped a three-stage faculty engagement process (Figure 3) for guiding future dialog with 
potential faculty and departments desired as instructors. 

 

Objective 

•  Define program 
scope, learning 
objectives, and 
internal/external 
benefits 

Market Assessment 

•  Assess size of 
target market and 
competiton to 
determine 
viability 

Business Plan 

•  Outline leadership 
position and  
internal team 

•  Create budget and 
revenue plan 

Approval 

•  Document 
program execution  
plan 

•  Secure faculty, 
college and 
system support  

Program Execution 

•  Course 
Development 

•  New technology 
•  Faculty Training 
•  Marketing 
•  Student Support 
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Figure 3. Cross-Campus Faculty Engagement Process for New Degree Programs 
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Identify Course for Potential Use in a New Degree Program 
• Identify an existing course that delivers needed competencies for participation in a 

new degree program 
 

Discuss Faculty and Course Goals against Program Needs 
• Department Chair, Program Director, and Learning and Technology Specialist meet 

with faculty to discuss: 
o Program business plan 
o Competencies needed vs. course learning objectives 
o Financial model for revenue sharing 
o Gauge interest in working together 
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Discussion of Course Syllabi vs. 
Competencies 

• Program Director and Learning and 
Technology Specialist meet with 
faculty to review syllabi and make 
specific recommendations for 
strengthening competency instruction 

 

Discussion of Program Relationship 
• Department Chair and Program 

Director meet with faculty to discuss 
financial support, teaching assistance 
and course development schedule 

 

Teaching Delivery Technology 
• Learning and Technology Specialist 

meet with faculty (2-4 times) to supply, 
train or direct faculty to technology 
tools and support staff, and provide 
review as requested 

Formalization of Program Relationship 
• Department Chair, Faculty and 

Faculty’s Department formalize 
teaching and financial arrangements 
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Course Delivery 
• Learning and Technology Specialist 

participates in initial course delivery 
and evaluation to identify 
improvements or provide technology 
support  

 

Working  
Program Relationship 

• Program Director continues regular 
follow up with faculty on student 
issues, semester scheduling, finances 
and future schedule 

 
 
An important element of this process was the ability to present qualitative data from the market 
assessment that would show target revenue estimations.  With this estimate, a realistic 
assessment of revenue sharing could also be modeled. The University of Wisconsin-Madison’s 
College of Engineering developed a revenue sharing model that uses half of the tuition 
revenue directly for instructional support, providing a significant benefit to cross-campus 
departments. One-quarter of the tuition revenue from a course is returned to the instructor’s 
department, to be allocated at their discretion. An additional one-quarter of the total revenue is 
used to provide instructors with teaching assistants, instructional design support and technology 
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as needed for their class. Of the remaining 50%, half is used to administer and market the 
Sustainable Systems Engineering program, and the remaining funds are kept for future course 
developments and improvements (Figure 4). 

Figure 4. Revenue Sharing Model to Facilitate Cross Campus Participation in New Degree 
Programs 

 
 
The result of this revenue model has been greater cross-campus participation, leading to a more 
flexible curriculum that covers a greater number of sustainable competencies. By working across 
campus, the final curriculum design included three specializations (energy, facilities and 
infrastructure) with general interest in sustainable management and policy.  
 
The marketing study conducted prior to program development also revealed a greater chance of 
success if the program was offered online and with a pedagogical model for interactive distance 
instruction. The final curriculum design encourages instructors to offer reading assignments or 
pre-recorded lectures as self-study work to prepare for live class time. Scheduled live class hours 
are then spent in discussion and application, and not in lecture. Students are also encouraged to 
work online on team projects for additional interactive experiences, and all students are given 
instruction in virtual collaboration and communicating technical information. 
 
Conclusion 
 
Through better collaboration with emerging campus centers of excellence in a particular 
sustainable focus area, a new Sustainable Systems Engineering program at the University of 
Wisconsin-Madison offers broader systems-based instruction on sustainable tools and practices, 
while still integrating traditional engineering courses for technical depth. The competency model 
approach also ensures graduates have the necessary competencies to lead sustainable projects by 
fully measuring the impact of sustainable initiatives and adding value for stakeholders. 
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