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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
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From: Qi Dong 2001

* Qualitative Social Science has developed useful
approaches to elicit systems knowledge

— Grounded Theory, Case Studies, other
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What is Qualitative Knowledge Construction?

* A research method for translating qualitative
data into quantifiable data structure that
combines gualitative social science methods
with guantitative/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

QKC Steps Engineering Systems definition:
_ _ —  Aclass of systems characterized
ldentify system of interest by a high degree of technical
— Define System Type complexity, social intricacy, and

elaborate processes, aimed at

Develop research fulfilling important functions in

guestions/analysis objectives

society
Collect Data
Code Data Social
Organize Coded Data in Intricacy
Modeling Framework
Examine Model for Technical Elaborate
missing/conflicted data Complexity Processes
Resolve Missing Data
Perform AnalyS|S Community Hospital
lterate Envi t
nvironmen Important
Bartolomei 2007. Qualitative Knowledge Construction for Engineering Regu_latlons/LaWS/ F t
Systems: Extending the Design Structure Matrix in Scope and Procedure. Competitors/Technology unctions 4

Engineering Systems Division. Cambridge MA, MIT PhD.
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How Qualitative Knowledge Construction Works
Step 1. Identify System of Interest

Social
QKC Steps Intricacy
ldentify system of interest il Elaborat
— Define System Type Tec nica aborate
Complexity Processes
Develop research
guestions/analysis objectives
Collect Data Community Hospital
Code Data Environment Important
. ] Regulations/Laws/ Functions
Organlze Coded Data in Competitors/Technology

Modeling Framework

Examine Model for

missing/conflicted data Engineering Systems Conceptual Model

Resolve Missing Data S
- Technical _{+—
Perform Analysis Donmain = .
“am\ FUnctic nai
lterate ~ |
I/
. . " Bresen t
Bartolomei 2007. Qualitative Knowledge Construction for Engineering Environmental Domain future
Systems: Extending the Design Structure Matrix in Scope and Procedure. 5

Engineering Systems Division. Cambridge MA, MIT PhD.
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How Qualitative Knowledge Construction Works

Step 1. Identify System of Interest

Engineering Systems Conceptual Model

QKC Steps .

ldentify system of interest
— Define System Type

Develop research

guestions/analysis objectives
Collect Data
Code Data

Organize Coded Data in
Modeling Framework

Examine Model for
missing/conflicted data

Resolve Missing Data
Perform Analysis
lterate

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 2. Define Research Questions/Objectives for Analysis

QKC Steps

|dentify system of interest
— Define System Type

Devel h
evelop researc s\ l

guestions/analysis objective &

%
Collect Data J’&e,,, a@
Code Data %. 2

Organize Coded Data in Techm;m(ﬂmeswf’"‘i- anagement [
Modeling Framework PO, Pt Do

. S e
Examine Model for W< gonmemamomam <
missing/conflicted data } & %,

Resolve Missing Data &

Perform Analysis , \

lterate

v

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



How Qualitative Knowledge Construction Works
Step 3. Collect Data

QKC Steps Documentation
|ldentify system of interest

Develop research
guestions/analysis objectives

Collect Data
Code Data

Organize Coded Data in =2t
Modeling Framework

Examine Model for
missing/conflicted data

Resolve Missing Data
Perform Analysis

Program Management
[terate Documentation

Intarview Trancceri
THIWNT VI VY Al owvi

System Models
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How Qualitative Knowledge Construction Works
Step 4. Code Data

QKC Steps Documentation Codes
|dentify system of interest
Develop research E ;
guestions/analysis objectives E ;

Interview Transcripts

Collect Data

Code Data E ;
Organize Coded Data in i ( )
Modeling Framework System Models

Examine Model for

missing/conflicted data Hﬂ < )
Resolve Missing Data E g

Perform Analysis
lterate

Program Management
Documentation
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Coding Example

Data

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 | 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......

Codes

( StakeholdersMary >
( StakeholdersJohn )

( Mary>interacts with>J0hn)

(John>interacts with» MarD

( ObjectivesObjectivel )

Stakehold Stakeholder> Objectives>
ELCIEREE Stakeholder Stakeholders
L] ® ° °
) 1 &7
Mary John>Mary Objective 1>John
Stakeholder> Objectives>
Stakeholder Stakeholders Stakeholders
® ® (] °
o B B
Mary>John John Objective1>Mary
Stakeholder> Stakeholder> N
Objectives Objectives Objectives
John>Objectivel Mary>Objective 1 Objectivel
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How Qualitative Knowledge Construction Works
Step 5. Code Data

QKC Steps .
ldentify system of interest —
Develop research =/ ————T—
guestions/analysis objectives — S| " | T
Collect Data -
Code Data -
Organize Coded Data in —_
Modeling Framework —[=
Examine Model for >
missing/conflicted data " |
Resolve Missing Data
Perform Analysis —— am
lterate .
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Systems Modeling and Representation Tool

Document: Document. rtf

otes from meeting minutes an 1/1/2007:
b

der 4 and S

In order to achieve Objective 1, Stakeholder & mentioned that he was going to need Objects
v and yy.

Qualitative Coder

takeholders, A =responsible F0r>0bjectives.1|

bjectives. ] =requires >Objects.xx|

Entity Manager,
Stakeholders. & =Stakeholders. B

Table | SPIDR. View |

Show: [ =] Set date: [MMDD 1Y
System Drivers Stakeholders Objectives Functions Obijects
- v “

@ 1

[ | 2]

e 3

e @ D 4

1 s WA 5

Ll [t WE &

@G L

8

9

communicates with

delivers maney to

[] Two-way relation

Table View

Attributes: Stakeholders. A

Attributes | Guotations | Nokes|

Entity Manager

|ﬁ[ SPIDR View]

= )85

0 Syskem Drivers
o Chjectives
' Functions
¢ Functions.aa
» Functions.bb
» Functions,dd
+ Functions.es
@ Objects,uu
@ Chjects.ww
@ Cbjects,
@ Objects,xx
Objects., yy
@ Objects.zz

@ Objects

= System Drivers

1

Create attribute
Stakeholders.A

Go to parent Attribute name: Weight |

-0 A

Attribute elements:

| 4 create attribute... |

(=)= communicates with

J
= responsibls for

b, Start: [01/01/2006 | End: [02/01/2007 | talue: 175 Ibs. |

5= dlivers money to

Start: 02/01/2007 | End: |0S/01/2007 | Value

[ = communicates with

&) create relation. .

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

QKC Steps

|dentify system of interest

Develop research
guestions/analysis objectives

Collect Data
Code Data

Organize Coded Data in
Modeling Framework

Examine Model for
missing/conflicted data

Resolve Missing Data
Perform Analysis
lterate

Community Hospital

Objects Activities

rrrrrrr
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Objects

Activities
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How Qualitative Knowledge Construction Works
Step 8. Perform Analysis

QKC Steps
ldentify system of interest
Develop research S| | T | SemeTen
guestions/analysis objectives //
MDO Analysis

CO”eCt Data = Stakeholders EnvXS -FYS- -T)X---ATX}/
Code Data
Organize Coded Data in E . -
Modeling Framework HIE Clustering
Examine Model for P i
missing/conflicted data ! DS

. . Activities EnvXA S Sequencing
Resolve Missing Data e

Row is Influenced by Column
Perform Analysis
Iterate
14
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How Qualitative Knowledge Construction Works
Step 8. Perform Analysis

QKC Steps

|ldentify system of interest

Develop research
questions/analysis objectives ==

Collect Data A
Code Data

Organize Coded Data In et o .
Modeling Framework I T———

Examine Model for
missing/conflicted data

Resolve Missing Data
Perform Analysis %
lterate |
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Toy Example
Rethinking the Beer Game

QKC Steps Technical Social Elaborate

: : Comgplexit Processes
ldentify system of interest Hi *Z
— Define System Type T‘ :
Deve|op research o z:::n «V:I::ra nm E nt+ G e *I m B 0 ':[ an t =
guestions/analysis objectives Regulations/Laws/ Functions
Collect Data Competitors/Technology
Code Data

Organize Coded Data in
Modeling Framework .

Examine Model for
.. i , | Procesg Do
missing/conflicted data Technical 3

Dontain_ _
cqj Functional
Resolve Missing Data mn\\ g |,
Perform Analysis Environmental Domain i
lterate
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Toy Example
Rethinking the Beer Game

Managers in an executive worl
Game at MIT.

shop plaving the Beer

QKC Steps

‘ing the Game

. . The game 1= played on a board that portrays the production and distnbution of beer
{figures 1-2). Each team consiatz of four sectore: Retader, Wholesaler, Distabutord, and Comment [1]:
I d e ntlfy Syste m Of I nte reSt Factory| (R, W, D. F) arranged m a lnear distribution chon. Cne or two people manage Foamide Reikiss
each sector. Penmes stand for cases of beer. |A deck of cards represents customer demand ﬂ':h':ﬁ_‘g‘r'- !ﬁf
Each simulated week. gustomers purchaze from the retailer. who ships the beer requested

— D efl n e Systel I l I yp e omt of mventory] The retader n tum orders from the wholesaler, who slups the beer

requested out of thew own mventory. Likewise the wholesaler orders and recerves beer Comment [B]:

from the dizinbutor, who m tien orders ad receves beer from the factory, where the Stakeehalder, Factory

D eve I O rese arC h beer 15 brewed. At each stage there are sluppug delays and order processng delays The Comment [5T:
p players' objective 1= to muumize total team costs. Inventory holding costs are S g

§.50/caze weekl Backlog costs are $1.00/case weekl to capture both the lost revenue and Comment [H6]:

Stakeholder. Custonsers Scommunie ates

q u eSti O n S/an aIyS i S O bj e Ctive S ::::“1:1‘:]‘1:2:c:]:::-:ﬁ"t canses among customers. Costs are assessed at each lnk of the | to> Stakehelder. Retadler

Stakeholder. Betasler> delivers beer 10>
Stakeholder poreeT
The game can be plaved with anywhere from four to hundreds of people. Each person 12 ;
: : Stakiehelder, Retadler=delivers product
asked to bet £1, with the pot zomg 1o the temn with the lowest total costs, wumer take all S Ak itk

b 13,71

Code Data

Organize Coded Data in
Modeling Framework

stakeholders
[Customers

Retailer

Wholesaler

Distributor

Factory

Objectives

[Minimize Retailer Costs

[Minimize Wholesaler Costs
[Minimize Distributor Costs
[Functions

Sell Beer

[Wholesale Beer

Distribute Beer

Produce Beer

|Activities

Retailer Sells Beer to Customer
Retailer Place Orders to Wholesaler
[Wholesaler Ship Beer to Retailer
Wholesaler Place Orders to Distributor
Distributor Ship Beer to Wholesaler
Distributor Place Orders to Factory
Factory Ship Beer to Distributor
Factory Place Orders for Raw Materials
Objects

[customer Orders

Retailer Inventory

Retailer Inventory In-transit
[Retailer Orders

[Wholesaler Inventory

[Wholesaler Inventory In-transit
[Wholesaler Orders

Distributor Inventory

Distributor Inventory In-transit
Distributor Orders

[Factory Inventory

Inventory in Production

Stakeholders

Examine Model for s .

Wholesaler 1 1

missing/conflicted data

Minimize Wholesaler Costs 1
Minimize Distributor Costs 1

. .
Functions

Resolve Missing Data :
Wholesale Beer 1
Distribute Beer 1
Produce Beer

- Activities

P erform A nalvsis(-es Rotalor alls Beer t0 Customer s .
Retailer Place Orders to Wholesaler 1 1
Wholesaler Ship Beer to Retailer 1
Wholesaler Place Orders to Distributor
Distributor Ship Beer to Wholesaler
Distributor Place Orders to Factory
Factory Ship Beer to Distributor
Factory Place Orders for Raw Materials
Objects
Customer Orders 1 1
Retailer Inventory 1 1
Retailer Inventory In-transit
Retailer Orders 1
Wholesaler Inventory 1
Wholesaler Inventory In-transit
Wholesaler Orders 1 11
Distributor Inventory 1 1
Distributor Inventory In-transit
Distributor Orders 1
Factory Inventory 11
Inventory in Production 1
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Stakeholders

Customers

Retailer

Wholesaler

Distributor

Factory

Objectives

Minimize Retailer Costs

Minimize Wholesaler Costs
Minimize Distributor Costs
Functions

Sell Beer

Wholesale Beer

Distribute Beer

Produce Beer

Activities

Retailer Sells Beer to Customer
Retailer Place Orders to Wholesaler
Wholesaler Ship Beer to Retailer
Wholesaler Place Orders to Distributor
Distributor Ship Beer to Wholesaler
Distributor Place Orders to Factory
Factory Ship Beer to Distributor
Factory Place Orders for Raw Materials
Objects

Customer Orders

Retailer Inventory

Retailer Inventory In-transit
Retailer Orders

Wholesaler Inventory

Wholesaler Inventory In-transit
Wholesaler Orders

Distributor Inventory

Distributor Inventory In-transit
Distributor Orders

Factory Inventory

Inventory in Production
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Way Forward:

Improving the Creation, Management and Use of Engineering
Systems Knowledge

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

1. A class of systems characterized 2.  An emerging field of

by a high degree of technical scholarship that seeks
complexity, social intricacy, and solutions to important, multi-
elaborate processes, aimed at faceted. socio-technical

fulfilling important functions in |
society problems

Ontology Epistemology
“study of the nature of being,/

- it - - | \ “the study of the nature and
existence or reallty S aalit “Darnnamiiaen  scope (limitations) of
. knowledge”

9
(Better Knowledge = Better Theories, Better Designs, Better Solutions)
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Summary

Engineering

Science Science
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