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Source: INCOSE -TP-2003-002-03.01 INCOSE Systems Engineering Handbook, version 3.1 August, 2007

The Systems 
Engineering 
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Cost 
Opportunity
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Source: M. Boucher, “Close the Engineering Skills Gap: Prepare New Graduates to be Real World Ready,” Tech-Clarity, 2017. 
Available: https://techclarity.com/enigneering-skills-gap/6423
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Lack of Confidence in Topic

Number of 
Students (N) 

Ranking Topic
As Important

800

400

25% 50%

Business 
talent

Confidence

Environmental 
impact

Apply maths & science to solve real-world problems

Social 
Responsibility

Ability to speak 
in assemblies

Maths

Leadership

Desire to find 
new solutions

Critical 
Thinking

Working 
in Teams

Science

Source: A. Kolmos, J. Egelund Holgaard. (Nov. 2018). “Employability in Engineering Education: Are Engineering Students Ready for 
Work?,” Philosophy of Engineering and Technology (POET), vol. 32.

Technical acumen
Business (”Soft” or “Essential”)  Skills



x88 
Obsession 
with Process 
Discipline

NEED FOR CHANGE

“We get brilliant results from average people 
managing brilliant processes - while our 
competitors get average or worse results from 
brilliant people managing broken processes.”
- Fujio Cho, Honorary Chairman and retired senior executive, Toyota Motor Corporation

Imagine what one can get from brilliant educated 
and trained people students managing brilliant 
processes?

“If you can't describe what you're doing as a 
process, you don't know what you're doing.”
- W. Edwards Deming, engineer, statistician, professor, author, consultant
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Team Competes 
with Verified and 
Validated Design

CLOSED LOOP
x88 TRANSFORMATION

Competition 
Committee Rules 
& Regulations Build

Test
Knowledge 
Transfer

New 
Requirements
Establishment

Design
Requirements 
Cascade

Student Project 
Team Cycle



x88 COURSE OUTLINE
AEROSP x88 PROPOSAL

AEROSP 488
(Jr/Sr) (4)
Product 
Development 
Leadership

AEROSP 288 
(Soph/Jr) (3)
Fundamentals of 
Product 
Development

September October November December January February March April May

New Requirements 
Establishment

Requirements 
Cascade

Design Build Test Knowledge 
Transfer

Model-Based 
Systems Engineering 
(MBSE)

Conducting 
Effective Design 
Reviews

Manufacturing 
Process/Material 
Selection

Project Management Technical 
Presentations

Geometric 
Dimensioning & 
Tolerancing 
(GD&T)

FMEA/DVPR/Risk 
Management

Team Dynamics, 
DEI

Technical & Cost 
Budgets

Statistical 
Modeling

6σ Root Cause 
Analysis Deep 
Dive

Model/Testing 
Correlations

Multi-Criteria 
Decision Making

Managing 
Product 
Variability

Field Validation/ 
Flight Testing

AEROSP 388 
(Soph/Jr) (4)
Aerospace 
Tools & 
Methods 
(MBSE)

10

488 students will mentor and 
coach 288 and 388 students

Intro to Quality 
Engineering

Physical 
Testing 
Methodologies

Design of 
Experiments

Systems Requirements,
Risk/FMEA, Stakeholders

Project Finances and 
Budgets

Ethics & Culture, DEI Effective Executive 
Presentations

Proj. Mgmt. Prime, 
Contingency, Critical Path

Systems Validation Knowledge Capture Decision Making Tools
and Processes

Team Development 
Sustainment

Delivering Constructive 
Development Feedback

Selecting & Developing
Future Leaders

Servant Leadership & 
Empathy



Build and test 
microcontroller 
and propeller 

system in Matlab

Flash code 
through Simulink 
to microcontroller 
and test control 

system

Generate G-
Code and 3D 

print propeller 
model

Verify forces and 
loading on a thrust 

test stand.  Perform 
wind tunnel 

corroborations of 
CFD calculations

Demo die-
locked part 

and mold-tool 
best practices

Model propeller, 
shaft, battery, & 
microcontroller 

system and 
perform power 

simulations

Model controls for 
propeller system 

and program 
microcontroller to 

execute them

N/A

Ph
ys

ic
al

Star-CCM+ and 
Ansys Discovery 
used to calculate 
aero pressures. 
Resultant forces 

into NASTRAN for 
structural analyses

Tool cutter 
paths created in 

NX. Injection 
mold vs. 3D 

printing 
inflection point 

calculated

x88 MBSE Lab Thread

Students learn MBSE in a controlled series of experiments on a relevant system for
“just in time” hands-on application on their team projects.

1. Requirements 2. CAD 3. Simulation 
(CFD, CAE)

4. Manufacturing 6. Multi-Domain 
Systems

7. Programming 
& Controls

AEROSP x88 DIGITAL LAB SEQUENCE

11

Analyze drone 
example in 

Siemens SMW.
Create project 

requirements and 
cascade to 
subsystems

Di
gi

ta
l

Create design of 
experiments. 

Perform basic 
multivariate 

statistics, analysis 
of variance, and 

regressions

5. Statistical 
Modeling

288 388

N/A

Design 
propeller 
and shaft 

assembly in 
Siemens NX



Student Projects in x88
AEROSP x88 PROJECT COMPLEXITY

12

Unshaded cells denote 488 students



GSI: Graduate Student Instructor   IA: Instructional Aid

Morgan 
Serra
Grad Student
AEROSP 
288/388 GSI
Aviation Week
20 Twenties
2022-23

Ashley 
Carman
Junior
AEROSP 200 IA

Ashton 
Tucker
Senior
AEROSP 
288/388 IA

Our Team
INSTRUCTIONAL TEAM AY2023-24

Claudia 
Zimmerman
Mech. & 
Systems Eng. 
Grad Student
AEROSP 488 
GSI

Izzy Scanlan
Sophomore
Lab Manager

Elijah Simpson
Junior
AEROSP 200 IA
Patty Grace 
Smith Fellow 
2022

Hunter
Sagerer
Grad Student
AEROSP 
288/388 GSI

Lillian 
Croghan
Junior
AEROSP 
288/388 IA

Sophia 
Papp
Senior
AEROSP 
288/388 IA

Ken 
Weintraub
Junior
AEROSP 
288/388 IA

Rishika Mukherjee
Sophomore
Business Operations 
Manager



MBSE 
Leadership Lab

x88 PHYSICAL MANIFESTATION

• Enables physical lab work and 
teaming space to supplement 
and validate MBSE modeling

• Corporate Sponsors ($760,000):
Belcan, Blue Origin, Collins 
Aerospace, GE Aerospace, Leidos, 
Pratt & Whitney, Raytheon, 
Siemens

• Expressed Interest: TBD
• Flexibility to accommodate 

multiple needs
• Key lab equipment 
• Teaming space
• Expansion to more central space 

underway



Traditional model

ACADEMIA INDUSTRY

EDUCATIONAL TRANSFORMATION



ACADEMIA INDUSTRY

x88

Transformational model

EDUCATIONAL TRANSFORMATION
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AEROSPACE x88 PILOT RESULTS

18

TRANSFORMED EXPERIENCE

1st 



End-of-Year Survey (1st year)
TRANSFORMED EXPERIENCE

Competency Dimension Pre-Course Response (n = 12) Post-Course Response (n = 12)

Quantitative Likert-
Like Scale Scores (1-5)

Leadership 3.9 4.0

Teamwork 4.0 4.4

Risk Management 3.3 2.7

Systems Thinking 3.7 4.4

Quantified Qualitative 
Responses to Open-Ended 
Questions (1-3)

Leadership 1.63 1.92

Teamwork 2.25 2.38

Risk Management 1.66 2.50

Systems Thinking 2.17 2.42

Note: Risk Management scores were discussed in student focus groups and 
competency growth was most significant in this area.

Qualitative Score degradation was explained by students as they did not know a 
priori how sophisticated Risk Management was – hence the low post-course score.

Increase between 5-10% from pre-course response

Increase of > 10% over pre-course response

Decrease from pre-course response



Student Experiences
TRANSFORMED EXPERIENCE



Student Evaluations
TRANSFORMED EXPERIENCE

Dimension AEROSP 495

This course advanced my understanding of the subject matter 5.0

My interest in the subject has increased because of this course 5.0

I knew what was expected of me in this course 5.0

Overall, this was an excellent course 5.0

I had a strong desire to take this course 5.0

I developed a greater understanding of my ethical responsibilities 5.0

I developed a greater understanding of my responsibilities as a professional 5.0

This course improved my ability to communicate technical information, designs, and analyses 5.0

I developed a greater understanding of the impact of engineering on society 5.0

I developed a greater understanding of the impact of engineering on the environment 4.8

I now have a greater understanding of contemporary issues in this field 4.9



Student Demand
TRANSFORMED EXPERIENCE

Enrollment continues to accelerate 
briskly:
● Capacity-limited; AEROSP 288 

standing-room only
o CAGR 71% (83% at free-demand)

● Female/URM enrollment solid at 
31%
o Instructional team 78% 

female/URM
● 8 teams total, up from 3 in first year
● Cross-departmental representation 

34% during pilot, but < 5% now
o Easy for non-Aero to fit 4 credits 

into packed curriculum (pilot), 
but not 11 (full x88)



TRANSFORMED EXPERIENCE

Student 
Testimonial



TRANSFORMED EXPERIENCE

Corporate 
Testimonials



engin.umich.edu
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