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Research Motivation:
Address Known Procedural Limitations

• Where does knowledge exist in an Engineering System?
– System-level knowledge resides in the minds of engineers
– Avoid common “black-box” effect

• Qualitative Social Science has developed useful 
approaches to elicit systems knowledge
– Grounded Theory, Case Studies, other

From: Qi Dong 2001
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What is Qualitative Knowledge Construction?
• A research method for translating qualitative 

data into quantifiable data structure that 
combines qualitative social science methods 
with quantitative/engineering methods 
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Benefits:
- Fosters data transparency and traceability
- Enables better book keeping for systems modeling
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How Qualitative Knowledge Construction Works
Step 1. Identify System of Interest

• Identify system of interest
– Define System Type

• Develop research 
questions/analysis objectives

• Collect Data
• Code Data
• Organize Coded Data in 

Modeling Framework
• Examine Model for 

missing/conflicted data
• Resolve Missing Data
• Perform Analysis
• Iterate

QKC Steps Engineering Systems definition:
– A class of systems characterized 

by a high degree of technical 
complexity, social intricacy, and 
elaborate processes, aimed at 
fulfilling important functions in 
society

Social
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Bartolomei 2007. Qualitative Knowledge Construction for Engineering 
Systems: Extending the Design Structure Matrix in Scope and Procedure. 
Engineering Systems Division. Cambridge MA, MIT PhD.
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How Qualitative Knowledge Construction Works
Step 1. Identify System of Interest

• Identify system of interest
– Define System Type

• Develop research 
questions/analysis objectives

• Collect Data
• Code Data
• Organize Coded Data in 

Modeling Framework
• Examine Model for 

missing/conflicted data
• Resolve Missing Data
• Perform Analysis
• Iterate

QKC Steps
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How Qualitative Knowledge Construction Works
Step 1. Identify System of Interest

• Identify system of interest
– Define System Type

• Develop research 
questions/analysis objectives

• Collect Data
• Code Data
• Organize Coded Data in 

Modeling Framework
• Examine Model for 

missing/conflicted data
• Resolve Missing Data
• Perform Analysis
• Iterate

QKC Steps
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How Qualitative Knowledge Construction Works
Step 2. Define Research Questions/Objectives for Analysis

• Identify system of interest
– Define System Type

• Develop research 
questions/analysis objectives

• Collect Data
• Code Data
• Organize Coded Data in 

Modeling Framework
• Examine Model for 

missing/conflicted data
• Resolve Missing Data
• Perform Analysis
• Iterate

QKC Steps
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How Qualitative Knowledge Construction Works
Step 3. Collect Data

• Identify system of interest
• Develop research 

questions/analysis objectives
• Collect Data
• Code Data
• Organize Coded Data in 

Modeling Framework
• Examine Model for 

missing/conflicted data
• Resolve Missing Data
• Perform Analysis
• Iterate

QKC Steps
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How Qualitative Knowledge Construction Works
Step 4. Code Data

• Identify system of interest
• Develop research 

questions/analysis objectives
• Collect Data
• Code Data
• Organize Coded Data in 

Modeling Framework
• Examine Model for 

missing/conflicted data
• Resolve Missing Data
• Perform Analysis
• Iterate

QKC Steps



10

© 2009 Jason Bartolomei, Engineering Systems Division, Massachusetts Institute of Technology

Coding Example

Interview Transcript with Mary:
Date: 12/1/00

Interviewer : Who is your primary customer?

Mary:  John

Interviewer :  How frequently do you contact John?

Mary: John and I participate in a weekly telecon to discuss 
the progress we are making on Objective 1.

Stakeholders

Mary

Stakeholder>
Stakeholder

John>Mary

Stakeholder>
Stakeholder

Mary>John Objective Mary

Stakeholder>
Objectives

Stakeholder>
Objectives

Objectives>
Stakeholders

Objectives>
Stakeholders

Objectives

Objective 1>John

1>

John>Objective 1 Mary>Objective 1 Objective 1

Data Codes

Interviewer : Please explain Objective 1?

Mary:   Objective 1 can be described as follows……

….
….
….

Objectives.Objective 1

John>interacts with>Mary

Mary>interacts with>John

Stakeholders.John

Stakeholders

John

Stakeholders.MaryInterview Transcript with Mary:
Date: 12/1/00

Interviewer : Who is your primary customer?

Mary:  John

Interviewer :  How frequently do you contact John?

Mary: John and I participate in a weekly telecon to discuss 
the progress we are making on Objective 1.

Interviewer : Please explain Objective 1?

Mary:   Objective 1 can be described as follows……

….
….
….
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How Qualitative Knowledge Construction Works
Step 5. Code Data

• Identify system of interest
• Develop research 

questions/analysis objectives
• Collect Data
• Code Data
• Organize Coded Data in 

Modeling Framework
• Examine Model for 

missing/conflicted data
• Resolve Missing Data
• Perform Analysis
• Iterate

QKC Steps
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Systems Modeling and Representation Tool
(SMaRT)

Qualitative Coder

Table View Attribute Window

Matrix View
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How Qualitative Knowledge Construction Works
Step 6/7. Examine Model for Missing Data/Resolve Missing Data

• Identify system of interest
• Develop research 

questions/analysis objectives
• Collect Data
• Code Data
• Organize Coded Data in 

Modeling Framework
• Examine Model for 

missing/conflicted data
• Resolve Missing Data
• Perform Analysis
• Iterate

QKC Steps
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How Qualitative Knowledge Construction Works
Step 8. Perform Analysis

• Identify system of interest
• Develop research 

questions/analysis objectives
• Collect Data
• Code Data
• Organize Coded Data in 

Modeling Framework
• Examine Model for 

missing/conflicted data
• Resolve Missing Data
• Perform Analysis
• Iterate

QKC Steps
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How Qualitative Knowledge Construction Works
Step 8. Perform Analysis

• Identify system of interest
• Develop research 

questions/analysis objectives
• Collect Data
• Code Data
• Organize Coded Data in 

Modeling Framework
• Examine Model for 

missing/conflicted data
• Resolve Missing Data
• Perform Analysis
• Iterate

QKC Steps
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Toy Example
Rethinking the Beer Game

• Identify system of interest
– Define System Type

• Develop research 
questions/analysis objectives

• Collect Data
• Code Data
• Organize Coded Data in 

Modeling Framework
• Examine Model for 

missing/conflicted data
• Resolve Missing Data
• Perform Analysis
• Iterate

QKC Steps Social
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Toy Example
Rethinking the Beer Game

• Identify system of interest
– Define System Type

• Develop research 
questions/analysis objectives

• Collect Data
• Code Data
• Organize Coded Data in 

Modeling Framework
• Examine Model for 

missing/conflicted data
• Resolve Missing Data
• Perform Analysis(-es)
• Iterate

QKC Steps
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Stakeholders
Customers 1
Retailer 1 1
Wholesaler 1 1
Distributor 1 1
Factory 1
Objectives
Minimize Retailer Costs 1
Minimize Wholesaler Costs 1
Minimize Distributor Costs 1
Functions
Sell Beer 1
Wholesale Beer 1
Distribute Beer 1
Produce Beer
Activities
Retailer Sells Beer to Customer 1 1 1
Retailer Place Orders to Wholesaler 1 1 1 1
Wholesaler Ship Beer to Retailer 1 1 1 1
Wholesaler Place Orders to Distributor 1 1 1 1
Distributor Ship Beer to Wholesaler 1 1 1 1
Distributor Place Orders to Factory 1 1 1 1
Factory Ship Beer to Distributor 1 1 1 1
Factory Place Orders for Raw Materials 1 1 1
Objects
Customer Orders 1 1
Retailer Inventory 1 1 1
Retailer Inventory In-transit 1
Retailer Orders 1 1 1
Wholesaler Inventory 1 1 1
Wholesaler Inventory In-transit 1
Wholesaler Orders 1 1 1
Distributor Inventory 1 1 1
Distributor Inventory In-transit 1
Distributor Orders 1 1
Factory Inventory 1 1
Inventory in Production 1



18

© 2009 Jason Bartolomei, Engineering Systems Division, Massachusetts Institute of Technology

S
ta

ke
h
o
ld

er
s

C
u
st

o
m

er
s

R
et

ai
le

r

W
h
o
le

sa
le

r

D
is

tr
ib

u
to

r

Fa
ct

o
ry

O
b
je

ct
iv

es

M
in

im
iz

e 
R
et

ai
le

r 
C
o
st

s

M
in

im
iz

e 
W

h
o
le

sa
le

r 
C
o
st

s

M
in

im
iz

e 
D

is
tr

ib
u
to

r 
C
o
st

s

Fu
n
ct

io
n
s

S
el

l 
B
ee

r

W
h
o
le

sa
le

 B
ee

r

D
is

tr
ib

u
te

 B
ee

r

Pr
o
d
u
ce

 B
ee

r

A
ct

iv
it
ie

s

R
et

ai
le

r 
S
el

ls
 B

ee
r 

to
 C

u
st

o
m

er

R
et

ai
le

r 
Pl

a
ce

 O
rd

er
s 

to
 W

h
o
le

sa
le

r

W
h
o
le

sa
le

r 
S
h
ip

 B
ee

r 
to

 R
et

ai
le

r

W
h
o
le

sa
le

r 
Pl

ac
e 

O
rd

er
s 

to
 D

is
tr

ib
u
to

r

D
is

tr
ib

u
to

r 
S
h
ip

 B
ee

r 
to

 W
h
o
le

sa
le

r

D
is

tr
ib

u
to

r 
Pl

ac
e 

O
rd

er
s 

to
 F

ac
to

ry

Fa
ct

o
ry

 S
h
ip

 B
ee

r 
to

 D
is

tr
ib

u
to

r

Fa
ct

o
ry

 P
la

ce
 O

rd
er

s 
fo

r 
R
aw

 M
at

er
ia

ls

O
b
je

ct
s

C
u
st

o
m

er
 O

rd
er

s

R
et

ai
le

r 
In

ve
n
to

ry

R
et

ai
le

r 
In

ve
n
to

ry
 I

n
-t

ra
n
si

t

R
et

ai
le

r 
O

rd
er

s

W
h
o
le

sa
le

r 
In

ve
n
to

ry

W
h
o
le

sa
le

r 
In

ve
n
to

ry
 I

n
-t

ra
n
si

t

W
h
o
le

sa
le

r 
O

rd
er

s

D
is

tr
ib

u
to

r 
In

ve
n
to

ry

D
is

tr
ib

u
to

r 
In

ve
n
to

ry
 I

n
-t

ra
n
si

t

D
is

tr
ib

u
to

r 
O

rd
er

s

Fa
ct

o
ry

 I
n
ve

n
to

ry

In
ve

n
to

ry
 i
n
 P

ro
d
u
ct

io
n

Stakeholders
Customers 1
Retailer 1 1
Wholesaler 1 1
Distributor 1 1
Factory 1
Objectives
Minimize Retailer Costs 1
Minimize Wholesaler Costs 1
Minimize Distributor Costs 1
Functions
Sell Beer 1
Wholesale Beer 1
Distribute Beer 1
Produce Beer
Activities
Retailer Sells Beer to Customer 1 1 1
Retailer Place Orders to Wholesaler 1 1 1 1
Wholesaler Ship Beer to Retailer 1 1 1 1
Wholesaler Place Orders to Distributor 1 1 1 1
Distributor Ship Beer to Wholesaler 1 1 1 1
Distributor Place Orders to Factory 1 1 1 1
Factory Ship Beer to Distributor 1 1 1 1
Factory Place Orders for Raw Materials 1 1 1
Objects
Customer Orders 1 1
Retailer Inventory 1 1 1
Retailer Inventory In-transit 1
Retailer Orders 1 1 1
Wholesaler Inventory 1 1 1
Wholesaler Inventory In-transit 1
Wholesaler Orders 1 1 1
Distributor Inventory 1 1 1
Distributor Inventory In-transit 1
Distributor Orders 1 1
Factory Inventory 1 1
Inventory in Production 1

SYSTEM DYNAMICS
(Stocks, Flows)

SOCIAL NETWORK

OTHER EXTENSIONS/GAME THEORY
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Way Forward:
Improving the Creation, Management and Use of Engineering 

Systems Knowledge

1. A class of systems characterized 
by a high degree of technical 
complexity, social intricacy, and 
elaborate processes, aimed at 
fulfilling important functions in 
society

“Perception”“Reality”

2. An emerging field of 
scholarship that seeks 
solutions to important, multi-
faceted, socio-technical 
problems

Ontology Epistemology
“study of the nature of being, 

existence or reality”
“the study of the nature and 

scope (limitations) of 
knowledge”

(Better Knowledge = Better Theories, Better Designs, Better Solutions)

“K
no

w
le

dg
e”

From the ESD Strategic Document we learn that the term “engineering 
systems” can have two key meanings:
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Summary

Social
Science

Engineering
Science



21

© 2009 Jason Bartolomei, Engineering Systems Division, Massachusetts Institute of Technology


