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What is Systems Engineering?
• INCOSE:

– Systems Engineering is an interdisciplinary approach and means to 
enable the realization of successful systems. It focuses on defining 
customer needs and required functionality early in the development 
cycle, documenting requirements, then proceeding with design 
synthesis and system validation while considering the complete 
problem: 

• Operations
• Performance
• Test
• Manufacturing

– Systems Engineering integrates all the disciplines and specialty groups 
into a team effort forming a structured development process that 
proceeds from concept to production to operation.

– Systems Engineering considers both the business and the technical 
needs of all customers with the goal of providing a quality product that 
meets the user needs.



Michael Emes,* Alan Smith, and Douglas Cowper
Systems Engineering, Vol. 8, No. 2, 2005

Overlap of Activities - Branding



Michael Emes,* Alan Smith, and Douglas Cowper
Systems Engineering, Vol. 8, No. 2, 2005

Landscape of Disciplines



Systems Engineering Roles

12 Systems Eng Roles – Sarah Sheard SW 
Productivity Consortium 1996



Systems Engineering Processes



Need for Standards Harmonization

FDA
21 CFR 820



Product Life Cycle Definitions

DJ Ganzer 2007



V – Model Process



Design Control Guidance for 
Medical Device

http://www.fda.gov/cdrh/comp/designgd.htm



http://www.ncsl.org/programs/educ/2008AMSummary.htm



Examples of Complex Subsystems

Software

Firmware

Optics

Fluidics

Reagents

Electronics

Mechanical



http://www.ncsl.org/programs/educ/2008AMSummary.htm
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California State Labor force Demand:

2008 CA Biomedical Industry Report

Estimated High Tech Employment 2006

http://www.ncsl.org/programs/educ/2008AMSummary.htm
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California – Biomedical Industry:

2008 CA Biomedical Industry Report

http://www.ncsl.org/programs/educ/2008AMSummary.htm
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Research & Development

Regulatory

Manufacturing

Sales & Marketing

Quality Assurance
Compliance

2008 CA Biomedical Industry Report: CHI-PwC Survey

California – Workforce Least Prepared

http://www.ncsl.org/programs/educ/2008AMSummary.htm



Overview – Addressing US Competitiveness:

• Current Problem Identification & Long Term Solution:
– America COMPETES Act

• Congress authorized NSF to develop grants to create or expand 
PSM programs – but not funded yet

– Academic Competitive Council (ACC):
• Competitiveness Bedrock - well-educated and skilled workforce.
• Targets K-12 to Postsecondary Education

– STEM Programs (Science, Technology, Engineering & Mathematics)

– Feeds “pipeline” with qualified scientists and engineers

http://www.ncsl.org/programs/educ/2008AMSummary.htm



National Research Council Report – July 11, 2008

• Report Findings:
– ‘Classic’ Natural Science Master’s degrees focuses on academic career 

path
– Higher education institutions recognize need for combining scientific 

knowledge with professional skills (eg PSM)
– PSM can and does attract students
– Growing employer demand for PSM graduates
– PSM graduates can significantly contribution to nation’s competitiveness

• Report Recommendations:
– PSM’s should be expanded 
– Accelerate development of these programs nationwide
– Scaling up and developing new PSM’s needs concerted effort by a 

number of parties, including Congress

http://www.ncsl.org/programs/educ/2008AMSummary.htm



Professional Science Masters (PSM)
Programs Include:
• Biology/Biotechnology 
• Chemistry 
• Computational Molecular Biology/Bioinformatics 
• Computational Sciences 
• Environmental Sciences 
• Forensic Sciences 
• Mathematics and Statistics 
• Medical-Related Sciences 
• National Defense 
• Physics and Geological Sciences

• 120+ PSM Programs

• 60+ Institutions

• 25+ States

http://npsma.org/



Mix of Disciplines
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