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Entering 
Industry 4.0

Moving from 
Education 2.0

To 
Education 4.0
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The Power of Digitalization: 
extracting value from data

Exploiting the digital power of 
computation, AI/ML, visualization and communication 

to take better, faster actions
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- Observed world

- Simulated world

- Experimental data
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Collaborative Intelligence

I reached the formulation that a weak 
human player plus machine plus a better 
process is superior, not only to a very 
powerful machine, but most remarkably, 
to a strong human player plus machine 
plus an inferior process.

– Garry Kasparov
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Imagine a world…

• In which program and course outcomes are 
driven by the needs of a sustainable planet

• Where the “classroom” is a social real-time 
experience in which the instructor and 
student work together to achieve their 
learning outcome, with experiences 
optimized for individual  

• And students have a personal assistant 
which can accompany their life-time 
learning journey.
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 Program & Course Design Classroom Experience Individual Learning 

Graduate 
Students 

- Institution application & enrollment 
- Degree/major selection 
- Course selection 
- Class/instructor selection 

- Determination of when 
and how to study 
- Selection of learning 
materials (lectures, 
reading, videos, etc.) 
- Determination of where 
to work to use skills 

- Determination of 
personal interests  
- Development of 
knowledge production 
skills (e.g., Web search) 
- Selection of online 
resources for 
knowledge acquisition 

 Program & Course Design Classroom Experience 

Academic 
Institution 
& 
Instructors 

- Program topic and target student 
selection 
- Program learning outcomes and 
objectives specification 
- Course topic: outcomes and objectives 
specification 
- Course design: curricula, pedagogy, and 
assessment 
- Determination of which educational 
applications to provide to instructors 
- Determination of whom to admit into 
programs and classes 
- Allocation of resources, including 
assignment of instructors to classes, room 
assignments, lab, funding of TA’s, tutors, 
graders 
- Determination of tuition and other 
educational costs 

- Determination of how to present materials 
- Determination of which educational applications to 
use in instruction 
- Determination of how to answer questions and 
interact with students 
- Determination of how to update and add to course 
materials 
- Determination of how to assess students and 
provide feedback 
- Determination and application of grading policy 
 

  Program & Course Design 

Employers - Determination of necessary skills for employees in the workplace 
- Determination of which schools to support with partnerships and funding 
- Determination of which schools to actively recruit students 
- Determination of which students to interview 
- Determination of which students to hire as interns, coops and permanent employees 
- Determination of which programs are eligible for professional education reimbursement 
- Determination of which employees to reimburse for professional education 

 

Dynamically Adaptive Education
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Educational Program Evolution

Objective: Create the feedback loops by 
which educators, students and employers 
can communicate their specific 
educational capabilities, desires and 
needs, to provide the dynamic feedback 
necessary to accelerate the evolution of 
educational programs.

Hypothesis: A non-profit website can be 
developed that presents specific graduate 
engineering program information which, 
accompanied with analytic tools, can assist 
students, educators, and employers to efficiently 
and effectively make education, program and 
employment decisions.

Systems Engineering Education Ecosystem (SEEE)
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Our Values

• Preserve the uniqueness of SE programs 
that speak to particular varieties of 
students and professions
• Promote commonality among programs 

where it is beneficial 
• Provide support for program evolution to 

adapt to changing needs, and thereby
• Enhance the value of all of our programs.
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Competency Framework 
Requirements

• Focus is on systems graduate education 
• Structure should reflect academic classifications
• Need to capture competencies across multiple disciplines:

• Systems Engineering
• Industrial Engineering
• Operations Research
• Data analytics
• Engineering Management

• Should provide balanced view of competencies
• Taxonomy should aid in easy navigation
• Language should be jargon free and clear to 

students/practitioners, employers and academics
INCOSE IS 2022
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Competency Areas

27 June 2022 INCOSE IS 2022 11

• Lead – Personal and interpersonal competencies
related to emotional IQ, ethics and
professionalism, critical thinking, teamship and
communication skills. These capabilities serve to
amplify the impact of the other competencies.
This is traditionally the domain of the Arts and
Humanities.

• Understand – Analytical competencies relating
to understanding, creating and using systems
models, including systems thinking, modeling and
simulation, experimentation, and analysis and
decision making. These competencies provide
support for decision making. This is traditionally
the domain of the Sciences.

• Design – Synthesis competencies that enable system
design through the lifecycle of conceptualization,
architecture, implementation and sustainment. These
competencies support the creative design process
including design thinking, engineering design, and
systems engineering. This is traditionally the domain of
Engineering.

• Realize – Management and control competencies that
support the actual realization of systems including
business fundamentals, lifecycle management,
monitoring and control, and operations. These
competencies enable the realization and execution of the
engineering of systems. This is traditionally the domain
of Business and Management



INCOSE to SEEE Translation

INCOSE Area INCOSE Competency SubArea
Professional Emotional Intelligence Self-ethics
Professional Ethics & Professionalism Self-ethics
Professional Technical Leadership Vision & How 
Core Critical Thinking Vision & How 
Professional Team Dynamics Team
Professional Facilitation Team
Professional Communications Communication
Professional Negotiation Communication
Professional Coaching and Mentoring Communication
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INCOSE to SEEE Translation (cont.)

INCOSE Area INCOSE Competency SubArea
Core Systems Thinking Abstraction
Core Systems Modeling  & Analysis Model

??? Missing area Experiment
Core Systems Modeling & Analysis Analysis & Decision Making
Management Decision Management Analysis & Decision Making
Core General Engineering Foundation: Pre Graduate SchoolU

N
DE

RS
TA

N
D

Very few competencies in systems thinking, modeling and simulation and analysis.  
Missing Experimentation.

U1 Systems Thinking (pg. 39)
U1.1 Conceptual models & abstractions
U1.2 Complex Adaptive Systems
U1.3 System Identification & Relationships
U1.4 System Dynamics
U2 Experimentation
U2.1 Designing Experiments
U2.2 Single Factor Experiments
U2.3 Factorial Designs
U2.4 Fractional Factorial Designs
U3 Modeling & Simulation (pg. 44)
U3.1 System Computational Modeling Principles
U3.2 Continuous & Discrete Simulations
U3.3 Decision making: central & distributed, fixed vs. 
runtime

U3.4 Evaluation of Capability, Effectiveness & 
Efficiency
U4 Analysis & Decision Making (pg. 65)
U4.1 Decision-Making Principles
U4.2 Data Analytics & Visualization
U4.3 H/M Interaction, AI & ML techniques
U4.4 Uncertainty & Risk Assessment
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INCOSE to SEEE Translation (cont.)

INCOSE Area INCOSE Competency SubArea
Core Capability Engineering Conceive
Technical Requirements Definition Conceive
Technical System Architecting Architect & Design
Technical Design for… Architect & Design
Technical Interfaces Architect & Design
Technical Integration Implement
Technical Verification Implement
Technical Validation Implement
Technical Transition Operate
Technical Operation and Support Operate
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INCOSE to SEEE Translation (cont.)

INCOSE Area SubArea INCOSE Competencies
Management Business Fundamentals Business and Enterprise Integration
Integrating Business Fundamentals Finance
Core Lifecycle Management Lifecycles
Integrating Lifecycle Management Project Management
Management Lifecycle Management Planning
Management Lifecycle Management Concurrent Engineering
Management Monitoring & Control Risk and Opportunity Management
Management Monitoring & Control Monitoring and Control
Integrating Monitoring & Control Quality
Management Operations Acquisition and Supply
Management Operations Information Management
Management Operations Configuration Management
Integrating Operations Logistics
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9/16/22 SEEE Status 16

D A G D A G
Abstraction U1.1 Systems Thinking 2.28 1.00 1.24 3.76 2.75 1.00
Experimentation U2.1 Design of Experiments* 2.06 1.29 0.76 3.53 2.69 0.81
Modeling U3.1 Systems Modeling & Analysis 1.89 1.24 0.65 3.65 2.44 1.19
Analysis & Decision MakingU4.1 Decision Management 1.83 1.12 0.65 3.53 2.56 0.94
General EngineeringN/A General Engineering 2.28 1.82 0.41 3.76 3.19 0.56

Mean 2.07 1.29 0.74 3.65 2.73 0.90
Std Dev 0.21 0.32 0.30 0.12 0.29 0.23

MCE (Mean)

U
N

D
ER

ST
A

N
D SubArea ID INCOSE Competencies

NCG (Mean)

D A G D A G
Conceive D1.1 Capability Engineering 1.25 0.80 0.40 3.25 2.33 0.87
Conceive D1.2 Requirements Definition 1.75 1.13 0.60 3.88 3.27 0.60
Architect & DesignD2.1 System Architecting 1.38 0.87 0.47 3.44 2.40 1.00
Architect & DesignD2.2 Design for… 1.38 0.73 0.60 3.19 2.53 0.67
Architect & DesignD2.3 Interfaces 1.63 1.20 0.40 3.50 2.87 0.67
Implement D3.1 Integration 1.50 1.07 0.40 3.50 3.00 0.53
Implement D3.2 Verification 1.56 1.00 0.53 3.56 3.00 0.53
Implement D3.3 Validation 1.50 0.93 0.53 3.50 2.80 0.67
Operate D4.1 Transition 1.25 0.79 0.43 3.19 2.71 0.50
Operate D4.2 Operation and Support 1.25 0.71 0.50 3.19 2.64 0.57

Mean 1.44 0.92 0.49 3.42 2.76 0.66
Std Dev 0.17 0.17 0.08 0.22 0.29 0.16

MCE (Mean)

DE
SI

G
N

SubArea ID INCOSE Competencies
NCG (Mean)

D A G D A G
Business FundamentalsR1.1 Business and Enterprise Int. 1.06 0.43 0.64 2.94 2.07 0.86
Business FundamentalsR1.2 Finance 1.00 0.50 0.50 2.69 1.86 0.79
Lifecycle ManagementR2.1 Lifecycles 1.25 0.71 0.57 3.19 2.43 0.79
Lifecycle ManagementR2.2 Project Management 1.25 0.57 0.64 2.88 2.40 0.40
Lifecycle ManagementR2.3 Planning 1.63 0.93 0.71 3.38 2.71 0.71
Lifecycle ManagementM2.4 Concurrent Engineering 1.50 0.64 0.79 3.31 2.71 0.64
Monitoring & ControlR3.1 Risk and Opportunity Mgmt 1.44 0.86 0.57 3.38 2.57 0.86
Monitoring & ControlR3.2 Monitoring and Control 1.44 0.79 0.64 3.25 2.43 0.86
Monitoring & ControlR3.3 Quality 1.56 1.00 0.50 3.44 2.57 0.86
Operations R4.1 Acquisition and Supply 0.88 0.50 0.29 2.88 2.27 0.67
Operations R4.2 Information Management 1.40 0.77 0.62 3.25 2.71 0.64
Operations R4.3 Configuration Management 1.31 0.71 0.57 3.50 2.79 0.79
Operations R4.4 Logistics 1.00 0.50 0.43 2.69 2.14 0.57

Mean 1.29 0.69 0.57 3.13 2.44 0.72
Std Dev 0.24 0.18 0.13 0.29 0.29 0.14

NCG (Mean) MCE (Mean)
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Systems Engineering Competencies



SE Competency Framework

Focus on the discipline of Systems Engineering 
(SE) which in its nascence is extremely broad, 
ill-defined, and rapidly changing. 

• Superset of INCOSE framework
• Consists of 37 base competencies
• Five proficiency levels: 

• Awareness
• Supervised Practitioner
• Practitioner
• Lead Practitioner
• Expert

• Reviewed with employers, academia, and 
practitioners
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Use Cases: Students/Practitioners 
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Case 1: Student/Practitioners - SE Masters Program Selection
1. Creates account
2. Select employers & position of interest
3. Reviews competencies
4. Compares competencies between employers & positions
5. Saves/builds reference competency
6. Enters their current competency
7. Creates deficit/gaps profile
8. Searches for university programs that fill the gaps or for materials from 

INCOSE Professional Development Portal
9. Finds programs and interest and navigates to their home pages
10.Finds all the information needed to make an education decision



Use Cases: Students/Practitioners
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Case 2A: Student/Practitioner - Program Request
1. Does not find SE program of interest on SEEE site.
2. Clicks on are request for the program to be entered into system
3. Notification is emailed to the institution of interest and/or to the SEEE administrator

Case 2B: Current SE Student - Program Feedback
1. Navigates to current SE program
2. Checks out the competencies taught in a course he/she has taken
3. Clicks on various competencies to see how they trace back to the course
4. Notes some competences that are missing or greatly lacking in course that was taken
5. Clicks on evaluation button and notes approval or disapproval of the competency
6. Information is sent anonymously to the university in question and is also sent to the SEEE 

administrative staff.   If competencies receive significant disapproval, the SEEE 
administration contacts the university program POC to discuss the issue.



Use Cases: Students/Practitioners 
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Case 3: Graduating SE Student/Practitioner – Job Selection
1. Creates profile with personal information, completed program, pointer 

to CV
2. Searches for positions for matches and ones of interest
3. Selects which ones can have access to his/her information
4. Information is sent to employer who may contact the 

student/practioner and email is sent to student/practitioner notifying 
him/her of the action.



Use Cases: Employer
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Case 1: Employer in Student/Practitioner Recruiting - Entering Position Information
1. Creates account with corporate information as the contact point and submits this for 

approval. 
2. SEEE administrative staff contacts the employer via email and confirms that she/he is 

authorized to represent her/his organization
3. Email is sent to employer informing of this decision
4. Enters website, goes to his employer’s profile page and completes the competency details 

and other information for the open positions.  
5. Once SEEE reviews and approves, these profiles are made available on the website

Case 2: Employer in Student/Practitioner Recruiting – Student/Practitioner selection
1. Logs into previously created account
2. Searches for competency matches of the students/practitioners who have submitted 

accessible profiles
3. Contacts students/practioners of interest via means specified on their profile (outside of 

SEEE site)



Use Cases: University
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Case 1: University Program Director - Entering Program Information  <very 
similar to employer Case #1>
1. Creates account with university information as the contact point and submits 

this for approval. 
2. SEEE administrative staff contacts the university representative via email and 

confirms that he/she is authorized to represent her/his organization
3. Email is sent to  informing of this decision
4. Enters website, goes to university’s profile page and completes the 

competency details and other information for the selected degree programs.  
5. Once SEEE reviews and approves, these profiles are made available on the 

website



Use Cases: University
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Case 2: – University Academics - SE Program/Course Development <very similar 
to STUDENT/PRACTIONER Case #1>
1. Creates a personal account
2. Navigates to Views page and selects employer’s specific positions 
3. Finds matching university programs (including her/his own)
4. Finds how well these programs match the position’s needs
5. Looks are relative advantages of each program, checking on individual 

competencies and how courses and curriculum is structured to support them
6. Compares this with his/her program competencies
7. Determines what program and courses might need improvement or change
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Design Innovation Process

27 June 2022 INCOSE IS 2022 25

The 4 D’s
Discover
Define
Develop
Deliver

Camburn, B.A., Auernhammer, J.M, Hui K., Mignone, P.J., Arlitt, R.M., Perez, K.B., Huang, Z., Basnet, S., Blessing, L.T., and 
Wood, K.L. "Design Innovation: A Study of Integrated Practice." In ASME 2017 International Design Engineering Technical 
Conferences and Computers and Information in Engineering Conference (IDETC), pp. V007T06A031-V007T06A031. 
American Society of Mechanical Engineers, 2017.



Discover: Uncovering User Needs

User interviews 
and affinity analysis 
(collaborative 
clustering) 
uncovers emergent 
themes and latent 
needs to be 
addressed by the 
SEEE Portal.
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Easy 
Communication

Categories

liked having 
access to 

contacting 
companies 

with questions

(interviews) 
felt 

inadequate 
for the job

Qualifications 
usually 

discourage me 
when reading 

job descriptions

Handshake can 
block out student 

from applying to job 
opportunity if 

already employed 
through handshake

Like to easily get 
a sense of what 
employment is 
like in various 

companies

doesn't like how 
much work it is 

to make 
connections and 

build a profile

worried of not 
finding a flexible 

job that will 
work with 

school schedule

finding 
job that 
fits skills

want a unified 
location to 

upload resume, 
CV, and other 

resources

like the idea of 
having a display 
that shows job 

recommendations

want better 
way to filter 

job- types

"stop 
asking for 

experience 
in years"

employers 
need to be 

clear, concise, 
and flexible.

advice from 
the actual 

department 
they are 

applying for

advice on what 
do employers 
like to see on 
portfolio or 
demo reels

page 
dedicated to 

employer 
advice

like 
connecting 
with people 

in field easily

Unified place 
to input their 
credentials 
and skills

Like seeing 
who had 

applied for 
jobs

Too much 
social 

upkeep is 
required

dislikes 
constant 

reminder to 
pay for an 
upgrade

Networking 
capabilities

Dislike that 
it's only 

useful for 
employers

liked 
completing 

questionnaire 
to choose a 

major

disliked 
subjective 

nature of said 
questionnaire

Struggled 
finding 

program that 
fits schedule

Make 
strengths 

career test 
mandatoryBetter website 

design to get 
attention of 

user

have 
anticipated 

weekly hours 
estimate

dislikes that 
programs 

aren't specific 
enough on 

expectations

Enjoy helping 
students make 

decisions 
about future

Want more 
engagement 

with 
students

more 
interactive 
activities

Wants more 
of entry- level 
jobs available 
to students

likes that it 
can be 

business 
oriented

intuitive

Likes that 
there are 
learning 
courses

helped 
students 

find 
programs

feels that it is 
difficult to search 
when there is a 

lack of consistent 
information

Consolidation 
is needed to 

improve 
program 
search

website to 
have all 

programs 
located in one 

place

employment 
search is 
daunting

Feels 
ignored

Lack of 
resource of 

learning about 
employment 

in field

Likes 
connecting 
with people 

their age

Rebranding 
themselves

Need 
resources 
of how to 

get noticed

Likes that you can 
get the right 

information by 
following the right 

people on 
linkedin

Likes a 
consolidated 
resource for 
specific field

Can follow 
people who 

have jobs you 
are interested 

in

Likes job 
description to 

have up to 
date 

description

can't find job 
opportunities 
if you aren't 
following the 
right people

Available 
to work 
option

Doesn't like 
that people 

can see if you 
viewed their 

profile

hard to get 
response 

from 
employers

Employers to 
take the time 

to consider the 
applicants 
they get

Read 
receipt for 
resumes

Wants to Know 
when a 

company uses 
a third party to 

hire

likes when 
job 

descriptions 
are specific

Easily 
accessible for 
resume and 

portfolio

resumes should 
be optional if 

information can 
be found on 

LinkedIn

Make hiring 
process 

more 
personal

more 
interaction 

with 
students

some courses 
have blocks 

that shouldn't 
bet there

more up- 
to- date 

details of 
programs

lack of 
consistency 
between job 

websites

(glassdoor) 
reviews are great 

to look at from 
work places 
(salary + job 

specifics)

list admission 
requirements 
from school 

and program

make 
students 

feel valued
likes 

notifications 
and 

reminders

want 
feedback 

from 
students

wants 
excitement 

and 
willingness to 

learn

willingness 
to try and 

fail
sometimes 

looks for 
discipline 
specific

does not 
like mass 

emails

handshake is 
simple and easy 
to use because 

it guides you 
through steps

handshake is too 
formulaic and hard 
to list specifics skills 
needed (limits how 
much the job gets 

viewed)
more direct 
repository 
(directories 
are out of 

date)

wants updated 
and easily 
accessible 

contact 
information

wants match 
making 

between 
students and 

employers

job 
recruitment 

involves lots of 
back and forth 

emailing

students should 
go to 

employers/profes
sors/people in 

department to ask 
for connections

needs more 
communication 
from programs 
and employers

looks for 
students of 

variety of skills 
and interest

option to see if 
they are 

looking for a 
job before 

reaching out

dislike of 
daunting job 
descriptions

dislike not 
knowing who 
is reading the 

job application

dislikes how 
performative 

it is

likes 
openness 

of 
information

Accessibility of 
Relevant 

Information
Categories

Transparency, 
Fairness and 

Value

Categories

Advice, 
Mentorship, 
Feedback

Categories

wants more 
kindness from 
employers of 

different 
org/comp.

Hard to 
learn where 

to get 
information

programs 
aren't easy 

to find

help students 
make a 

connection of 
college to what 

comes next

How to be 
noticed

Categories

Personalized 
Experience

Categories

Discouragement/ 
Encouragement

Categories

Multidimensional 
representation

hybrid people

Categories

Service 
enables 

feedback
Categories

Interchangeability / 
Interoperability with 

other platforms
Categories

Commitment 
to job search 

process

Categories



Legend

x 20
Employers

Students

Setting privacy 
preferences?

Universities

Make a 
Profile

Select 
University 

Profiles 
listing

Select 
employer 
profiles 
listing

Select 
Student 
Profiles 
listing

View 
[posting] 
summary

(one- to- one) 
Compare own 

profile to 
[posting] 

profile

Contact 
poster - apply

View full 
profile

Contact 
poster - more 
information

Contact 
poster - save 
/ subscribe to 

updates

Contact - 
learn more / 

chat

View competency 
matrix students 
gain from going 

to university

Search by 
professional 

interests / 
industry 
domains

Search by 
own 

competencie
s

View 
curriculum 
related to  

competency 
matrix.

View related 
opportunities 

by industry 
domain

Search by 
desired 

competencie
s

Update own 
profile

View 
affiliated 

programs/ 
employers

Fill 
Competency 

profile

Fill open 
entry

View own 
competency 

profile

View related 
opportunities 

by 
competency

Make posting 
summary 

informative 
enough for 

people to look  
further

Way to 
break up 

information 
on profile?

Clear 
connection 

to university 
site/ data

One- to- many 
profile 

comparison 
(visualize)

Option to view 
data - 

segmented by 
stakeholder 

group

How many 
comparisons 

at once?

Select 
multiple 

profiles to 
compare

Refine 
by single 
category

Connect 
course data 

to 
competencie

How to 
enter easily; 
quick- start 

guide

Notifications 
system

create a 
forum 
post

view a 
forum 
post

view student 
profile 
options

Notifications 
system

Privacy 
settings - what 
of own profile 
is shared not 
in aggregate?

Post jobs

How to 
enter easily; 
quick- start 

guide

key touchpoint 
for all users

Open 'view' 
tab and look 
at employers

star profiles 
user would 

like to 
return to

select or 
'button' to 

determine top 5 
matched 

programs - per 
case 1(stu)

accessed 
through 

evaluation 
button

feedback sent 
to university 

and SEEE 
employer

Contact poster 
- feedback 

about courses, 
experience, 

etc.

No profile 
posted - 
option to 

request profile 
posting

consider 
graduating 
students - 

refer to case 3 
(stu)

select or 
'button' to 
determine 
matched 

students- per case 
2 (emp)

qualifications 
can discourage 
someone from 

applying

Things 
considered after 
SEEE interviews

students don't 
like to have to 
keep updating 

profiles

don't like 
subjective 
questions

universities get 
annoyed when 
there is not a 

consistent 
information on 
student profiles

don't want to 
share resume 

if info is on 
linkedin

students 
want 

flexible 
employers

would like 
displayed 

job 
postings

universities 
and employers 

want more 
interactive 
activities

Insights

Prompt 
for user 

data entry

Store 
user data 
in table

Secure 
user data 
(privacy)

Retreive 
user data 
to display

Read 
user data 

input

Display 
data

Select 
user 
data

Detect 
errors / 
match 

format?

Detect 
user  

prompt

Data 
entry

Data 
retrieval

Numerical Text Questionaire
File 

upload

Modify 
existing 

data

edit 
account

locate 
data to be 
changed

read 
modified 

data input

detect 
any 

errors

read user 
input of 
data to 
change

Store 
user data 
in table

Secure 
user data 
(privacy)

Forum

stored 
in 

Sitefinity

stored in 
database?

Create 
account

prompt for 
user 

account 
name

prompt for 
user 

account 
password

connect to 
existing 
account 

(google etc)

import data 
from 

paired 
account?

store user 
account 

data

secure 
user 
data

character 
limit or 

word limit

Authenticate 
with 

external 
service

read 
user 
input

read 
keywords

read 
programmed 
function input 

(buttons)

read 
search 

text

Search for 
matching 

data

Send or 
post 
data

Connect to 
external  

mailer 
service

Confirm 
message

Confirm 
recipient

Send 
message

Store 
message and 
recipient in 

table

Create 
preview / 
archivable 

view

Display 
multiple 

data

read user 
data 

display 
option

need:
Sample data in 
sample table

pseudocode or 
code to pull from 
Excel sample data

search for 
external 
service?

confirmation 
message / 
verification

pseudocode to 
prototype 

functionality

Sitefinity mockup 
to test data view 

from test database

pseudocode to 
prototype 

functionality

Sitefinity mockup 
to test data view 

from test database

Function

Subfunction or 
Detail - Sitefinity

Subfunction or 
Detail - Database

Prototyping 
method

Legend Forum/Messaging

Database

Accounts and Authentication

Visualization and Search

Define: Reframing Needs into 
System Design 
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Journey maps and system function mapping reformulates needs into a succinct 
statement of functional and experience requirements.



HMW: ensure that potential SEEE members have a seamless, enjoyable, and not 
overwhelming experience entering competency data and profile information?

discuss! how does this HMW 

change for each 

persona?

fill out an 
"empty" 

visualization 
template

less 
reading

motion 
motivators i.e 
confetti, silly, 

progress

radial
progress 

bar

colors

motion

facts

cartoons?

fun!

silly 
things

confetti

HMW: make 
progress 
tangible?

HMW: make 
data entry fun?

HMW: make 
data entry easy? intuitive 

interface

avatars for 
each 

competency?

Develop: Concept Ideation 
and Selection

Ideation allows exploration of many sources of inspiration around focused “how 
might we?” statements.
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Deliver: Prototyping and 
Testing Concepts

Prototyping Canvas approach connects:
• Key assumptions that need testing
• Selection of the right kind of prototypes to 

communicate relevant aspects of the design 
concept.

You will have the chance today to experience 
our system prototype. Your input allows us to 
co-create with you the final realization of the 
SEEE experience!
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 Specific Opportunity Statement: this should include your problem and 
the particular area your innovative solution will address. (If this is for a 
subsystem, the opportunity should pertain to the specific subsystem.)

Solution Statement: This comes from your Real- Win- Worth 
Analysis. In one sentence, succinctly describe your proposed 
innovation that solves the problem stated above. Give it a name.

Stakeholders: Who are the critical stakeholders in this project? Summarize 
their critical needs as pertain to this opportunity space.

Communication Strategy: How will you introduce and ask 
stakeholders to view your prototype? What presentation 
matters to stakeholders?

Assumptions and Questions: What assumptions have you made? What does your prototype need to allow you to test? 
List assumptions and questions that relate to the feasibility and viability of the solution.

Critical Assumptions/Question: Assess the assumptions and questions above. Which is the most critical to the success of 
the project? This should be something you have the ability to evaluate, test, and/or change about your design. What 
happens if your assumption is false?

Resources Available: What are the resources you have available to build a prototype, test an 
assumption/question, and move forward with the design?

Testing Plan: How will you test your assumptions and questions using a prototype? How will you assess 
success or failure? Consider the metrics you will use to assess the performance of your prototype. Have 
you considered the stakeholders?

Prototyping Approaches: What prototyping approaches will you be using? Remember the goal is to make something as quickly 
and with fewest resources that you can use to test your critical assumptions.

Assumptions & 
Questions about 
technical feasibility:

Assumptions & 
Questions about 
users:

Assumptions & 
Questions about 
cost:

Material Resources 
(what things can you use 
to build a prototype?)

Financial Resources 
(How much money 
can you spend?)

Human Resources 
(Who can help you?)

Building Plan: Using the simplest materials and least amount of time, how can you create a prototype to test your 
critical assumption or main question? Sketch out your prototype quickly to identify main components, and identify 
materials needed.

What are you 
testing?

What metrics and 
parameters will be used?

Where and when 
will you test?

Who is required 
for testing?

What is your success 
criteria? Failure?

What are you 
testing?

What metrics and 
parameters will be used?

Where and when 
will you test?

Who is required 
for testing?

What is your success 
criteria? Failure?

What are you 
testing?

What metrics and 
parameters will be used?

Where and when 
will you test?

Who is required 
for testing?

What is your success 
criteria? Failure?

Prototyping Canvas The purpose of the prototyping canvas is to provide a systematic process to plan prototyping with clear intent.
By defining evaluation metrics before prototyping, we can implement prototyping more effectively in our design process. 
The prototype will be able to provide clearer insights to the suitability and feasibility of the idea/solution.

Insights: What did you learn? After building and testing your prototype, what insights were gained? What new assumptions and 
questions arose? Are they more or less critical than your previous set of critical assumptions? What is the impact for your stakeholders?

entering 
data

searching 
for data

looking for 
networking 
opportunies

looking for 
a job or a 

degree 
program

Data 
visualization

HMW: allow SEEE Portal users to understand competency 
data, individually and in relation to another's profile, at a 
glance?

assume 
user has an 

existing 
profile

browser 
processing 

power

assume user 
is looking for 

a career in 
their field?

user is 
not color 

blind?

is the user 
comparing 

profiles of one 
domain or 
multiple?

color 
blind 
mode?

browser 
width < 

600 pixels

security appropriate so 
searches can't be done 

if you don't have a 
profile

user is looking 
for ways to 

connect with 
professionals

data is 
verified by 
institutions

people are willing 
to verify/validate 

others' data

instantly 
legible data 

of > 15 
dimensions

assume user 
profile data 

are 
transparent 

and valid

assume 
wanting to 

find different 
profiles/skills

can this be 
viewed on 
a phone?

mobile 
responsiveness

assume user has an 
established profile for 
data representation

Parallel 
prototyping Mockup Storyboarding

Requirements 
relaxation

How each individual 
sees/comprehends 

data

how easy is 
representation 
to understand

aesthetic 
semantic 
inquiry?

walkthrough: 
how many 

steps to see all 
data displays

test several 
mockups 

simultaneously

online 
survey ?

survey 
takers

4 or higher on 5 
point scale for ease 
of understanding

The time 
taken to 

understand 
visual data

no more than 10% 
over what we design 

as minimum required

aligned with identified 
user needs / UX best 
practices; 4 or higher 

on 5 point scale

maybe we can time 
how long it takes 

survey- takers to find 
the chart with 

certain specific data 
out of a set

How each individual is 
able to distinguish 

different competency 
categories

assume user 
has a profile or 

is in the 
process of 

making one

the user can 
comprehend 

the 
visualizations

create 
basic 

function 
code

Whether each individual 
can easily derive and use 

pertinent information from 
the competency wheel

storyboard/
wireframe 

to test 
accessibility

survey to test "what 
would you click on 
to view ___ " on this 

screen 
(storyboards/wirefra

me)

survey on 
main points 
identified?

display 
information in 

wheel and 
table/chart form 

and compare 
readability

4 or higher on 5 
point scale for 

how easy usability

Survey to test 
user 

understanding - 
how quickly did 
they understand 
data presented

survey 
takers

4 or higher on 5 point 
scale for how useful 

user thinks the wheel 
is

Success: quick 
comprehension 

of data 
presented

Failure: Does 
not 

understand 
data or 

presentation

research on 
color 

blindness, 
dyslexia, etc. Research what 

colors are 
distinguishable 
for color blind, 

etc

survey on 
different mockups 
and time it takes 
to identify main 

points

After mockups 
are created; 

once we have 
a visual demo 

to go off of

survey 
takers

basic application 
of data to test 

visuals, not data 
(favorite animals)

create a few 
wireframes/mock 

ups for surveys

integrate 
functions into 

favorite visuals 
from tests

write survey to test 
comprehension, 

aesthetic, distinguishable 
categories

create new 
competency 

wheel mockups - 
based on what 

survey takers like 
best

present to 
survey takers 

to test 
usability and 
readability

Striking 
visual 

differences/
animations

quick, easy 
comparisons

various 
view 

modes
consider 

quantitative vs 
qualitative views 

depending on the 
user and any 

possible limitations

Assuming 
comprehension and 

survey prove/disprove

if assumption is false, 
we iterate further on 

other mock ups

Mock ups:
- Word cloud

- Circles
- linear circles 

(stack/snowman shape)

Sample 
user

Sample 
user

Sample 
user

Lauff, C., Menold, J., Wood, K.L., 2019. Prototyping Canvas: Design Tool for Planning Purposeful Prototypes. 
Proc. Int. Conf. Eng. Des. 1, 1563–1572. https://doi.org/10.1017/dsi.2019.162
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The SEEE portal

• Central to SEEE is a web portal, seee.org, 
which will be used by students/practitioners, 
universities and employers
• Every user has a data profile to describe 

themselves: 
• Students/practitioners: present data to 

determine their competencies and present 
themselves to prospective employers..
• Universities: present their programs to 

students/practitioners and employers.
• Employers: present their employment 

opportunities.
30INCOSE IS 2022



The SEEE portal

31

• Every user can learn from the portal and up 
their own game
• Students/practitioners: determine their 

competency gaps and choose a SE program 
that matches their needs
• Employers: find the best places to recruit 

students/practitioners that meet their job 
needs
• Universities: compare their SE program to 

other programs, and determine how they 
support the needs of selected employers

INCOSE IS 2022
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Success Metrics
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• SEEE Portal:
o Ability to communicate university program content: the number and

percentage of posted Systems Engineering academic programs.

o Ability to communicate range of SE positions: the number of employer-
posted position profiles.

o Ability to self-assess student and practitioner competencies: the number of
student and practitioner profiles entered into the system.

o Search effectiveness: the number of users using searches, and the number
of searches per user.

o Impact on SE Competency Framework: feedback from users entering their
profiles in the system

• Employers:
o Impact on selection of academic institutions: number of employers

searching academic institutions, and number of academic institutions
accessed.

o Impact on hiring: number of students and practitioners contacted by
employer, number of students and practitioners contacting employer.

• Academic Institutions:
o Impact on academic programs: number of academic users

conducting searches, number of searches conducted per academic
user, changes made in educational program profiles.

o Impact on selection of educational materials: number of academic
users entering PDP from SEEE, and their subsequent access of
educational reference materials

• Students and Practitioners:
o Impact on selection of academic programs and educational

materials: number of users referencing academic programs from
website, number of academic programs referenced per user, number
of users entering PDP and their subsequent access of educational
reference materials.

o Impact on selection of employers: number of employment positions
entered from website, feedback from employers on hiring results



SEEE Future Work

• Website: 

oDeploy beta website by summer 2022

• Recruitment:

oRecruit employers and universities to create site profiles

oUse INCOSE advertising, social media, etc. to increase 
student/professional site use

• Operation:

o Institute governance model for site operation and 
competency update

oCollect usage data and continuously improve site

41
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Get Involved!
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If  you interested in getting involved 
in the SEEE project contact:

Jon Wade – jpwade@ucsd.edu

Cihan Dagli - dagli@mst.edu

INCOSE IS 2022

about:blank
about:blank


www.incose.org/symp2022


