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•  Program	
  History	
  
•  Mo;va;on	
  and	
  Goals	
  

•  Program	
  Structure	
  
– Class	
  Requirements	
  
– Research	
  and	
  Thesis	
  
– Timeline	
  

•  What	
  comes	
  aHer?	
  

•  Q&A	
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Ph.D.	
  Program	
  History	
  

•  1991	
  Technology,	
  Management	
  and	
  Policy	
  Program	
  
(TMP)	
  PhD	
  is	
  founded	
  

•  2002	
  ESD	
  PhD	
  Program	
  established	
  
–  Incorporates	
  TMP	
  
–  Ini;al	
  Pilot	
  Group	
  of	
  4	
  Students	
  

•  2004	
  First	
  ESD	
  PhD	
  Graduates	
  
•  2008	
  Revision	
  of	
  ESD	
  PhD	
  Program	
  

–  Basis	
  for	
  current	
  structure	
  and	
  rules	
  
•  2011	
  100th	
  ESD	
  (incl.	
  TMP)	
  student	
  graduated	
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What	
  is/are	
  Engineering	
  Systems?	
  

A	
  Class	
  of	
  Systems	
  
Engineering	
  systems	
  are	
  

characterized	
  by	
  a	
  high	
  
degree	
  of	
  technical	
  and	
  
social	
  complexity	
  and	
  
they	
  aim	
  at	
  fulfilling	
  
important	
  func;ons	
  in	
  
society.	
  

Emerging	
  Field	
  of	
  Research	
  	
  

Engineering	
  systems	
  research	
  is	
  
problem-­‐oriented,	
  
developing	
  and	
  employing	
  
mul;ple	
  methodologies,	
  
and	
  balances	
  quan;ta;ve	
  
and	
  qualita;ve	
  arguments.	
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Domains 

  Extended Enterprises 
  Critical Infrastructures 
  Energy and Sustainability 
  Health Care Delivery 

Approaches 

  Humans and Technology 
  Uncertainty and Dynamics 
  Design and Implementation 
  Networks and Flows 
  Policy and Standards 



New	
  MIT	
  Press	
  Book	
  Series	
  

5	
  http://mitpress.mit.edu  



Cumula;ve	
  Research	
  in	
  Ili;es	
  over	
  Time	
  

© Olivier de Weck, April 2011  Page 6 

Cumulative number of journal articles where an Ility appears in the title or 
abstract of the paper (1884-2010). Source: Inspec and Compendex, 
accessed via Engineering Village http://www.engineeringvillage.com   

Fig. 4-2 
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ESD	
  PhD	
  Admissions	
  

0	
  

10	
  

20	
  

30	
  

40	
  

50	
  

60	
  

70	
  

80	
  

90	
  

100	
  

2002	
   2003	
   2004	
   2005	
   2006	
   2007	
   2008	
   2009	
   2010	
  

Applications 

Admits 

Matriculations 

Admissions rate to ESD PhD program is about 20% (1/5 applicants) 
In 2010 we admitted SB-only candidates for the first time 
You are part of a very select group !  



ESD	
  Approaches	
  and	
  Domains	
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ESD	
  Doctoral	
  Academic	
  Footprint	
  

•  Self-­‐reported	
  Academic	
  Footprint	
  (ESS	
  survey	
  ca.	
  2009)	
  
–  54/56	
  current	
  ESD	
  PhD	
  students	
  responded	
  (96%)	
  

Extended 
Enterprises 
Is the most heavily 
researched domain 

Health Care 
Delivery is <10% and 
is the youngest area 

Many PhD students 
are investigating 
Uncertainty and 
Dynamics 

Overall the ESD intellectual framework worked for most 
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Example	
  Research	
  Methods	
  	
  
in	
  Engineering	
  Systems	
  	
  

Deduc;on	
  

Theore=cal	
  
Methods	
  Empirical	
  

Methods	
  
Induc;on	
  

“Ping-­‐Pong”	
  

	
  	
  	
  	
  	
  	
  Grounded	
  Theory	
  
	
  	
  	
  Interviews	
  
	
  	
  Surveys	
  
Human	
  Experiments	
  
“System”	
  Experiments*	
  
	
  	
  	
  	
  Sta;s;cs	
  
	
  	
  	
  	
  	
  Accident	
  Inves;ga;ons	
  
	
  	
  	
  	
  	
  	
  	
  Sensor	
  Networks	
  

Object-­‐Process	
  
	
  	
  	
  	
  	
  Modeling	
  (OPM)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Abstract	
  Algebra	
  
	
  	
  	
  Discrete	
  Event	
  Simula;on	
  
	
  	
  	
  	
  	
  	
  	
  Agent	
  Based	
  Modeling	
  
	
  	
  	
  	
  Network/Graph	
  Theory	
  
	
  	
  	
  	
  System	
  Op;miza;on	
  
	
  	
  	
  	
  Real	
  Op;ons	
  in	
  Design	
  
	
  	
  	
  System	
  Dynamics	
  
Control	
  Theory	
  
Policy	
  Analysis	
  

* e.g. “Green Islands” project in the Azores (MIT Portugal Program) 



12	
  

ESD	
  PhD	
  Program	
  Structure	
  

•  ESD	
  PhD	
  Program	
  Structure:	
  

•  A	
  doctoral	
  student	
  in	
  ESD	
  should	
  be	
  able	
  to	
  build	
  on	
  fundamental	
  and	
  advanced	
  
engineering	
  systems	
  thinking	
  knowledge	
  to	
  frame	
  large	
  scale	
  complex	
  problems	
  
in	
  one	
  or	
  more	
  domains/contexts	
  of	
  interest,	
  apply	
  an	
  established	
  methodology,	
  
or	
  a	
  combina;on	
  of	
  methodologies;	
  uncover	
  the	
  principles	
  and	
  ar;culate	
  the	
  
proper;es	
  underlying	
  such	
  systems,	
  thereby	
  adding	
  to	
  the	
  developing	
  knowledge	
  
of	
  engineering	
  systems.	
  

Fundamental Engineering
Systems Thinking

Advanced Engineering
Systems Thinking

Methodology
Domain/context

Fundamental Engineering
Systems Thinking

Advanced Engineering
Systems Thinking

Methodology
Domain/context

You will hear 

-shaped -shaped -shaped 



ESD	
  PhD	
  Program	
  

•  Fundamental	
  Engineering	
  Systems	
  Thinking	
  
–  ESD	
  PhD	
  seminar	
  (ESD.83)	
  
–  Models,	
  Data,	
  Inference	
  for	
  Socio-­‐technical	
  Systems	
  (ESD.86)	
  
–  Social	
  Science	
  Concepts	
  and	
  Methods	
  (ESD.87)	
  

•  Depth	
  in	
  Methodology	
  –	
  3	
  subjects	
  
–  Control	
  Theory	
  
–  Economics	
  
–  Opera;ons	
  Research	
  
–  Systems	
  Engineering	
  
–  Finance	
  
–  Systems	
  Dynamics	
  

•  Depth	
  in	
  Domain/Context	
  knowledge	
  –	
  3	
  subjects	
  
–  Energy	
  and	
  Environment	
  
–  Cri;cal	
  infrastructures	
  
–  Healthcare	
  
–  Extended	
  Enterprises	
  
–  Urban	
  planning,	
  Air	
  Transporta;on	
  etc…	
  

•  Applied/Advanced	
  ES	
  thinking	
  
–  Safety	
  
–  Networks	
  and	
  flows	
  
–  Human-­‐Technology	
  engineering	
  (man-­‐machine	
  interfaces)	
  

•  Elec;ves	
  	
   13 

Total: 150 units+ 

core 
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ESD	
  PhD	
  Overall	
  Requirements	
  

•  This	
  is	
  in	
  the	
  range	
  of	
  12-­‐13	
  subjects,	
  150	
  units	
  beyond	
  the	
  SB	
  in	
  accord	
  
with	
  MIT	
  prac;ce.	
  OHen	
  some	
  subjects	
  taken	
  in	
  SM	
  programs	
  at	
  MIT	
  or	
  
elsewhere	
  can	
  be	
  applied	
  toward	
  the	
  150-­‐unit	
  requirement.	
  	
  We	
  note	
  
these	
  are	
  minimum	
  requirements.	
  Students	
  may	
  choose	
  to	
  take	
  more	
  
units	
  or	
  may	
  be	
  asked	
  by	
  their	
  commioee	
  to	
  do	
  so.	
  

Fundamental Engineering 
Systems Thinking 

3 Subjects 

Domains/Contexts 3 Subjects (or equivalent) 
Methodology 3 Subjects 
Advanced Engineering 
Systems Thinking 

1-2 Subjects 

Additional Electives 2-3 Subjects 



No;onal	
  Doctoral	
  Timeline	
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Admitted Graduated 

Year 1 Year 2 Year 3 Year 4 

Doctoral 
Committee 
Selected 

Topic 
Chosen 

Classes 

General 
Exam 

Research 
Thesis 
Writing 

Defense Job 
Search 

Average Duration: 4 Years (8 semesters) 

Stay in 
Touch 



Doctoral	
  Commioee	
  

•  Choice	
  of	
  main	
  advisor	
  and	
  commioee	
  is	
  cri;cal	
  

•  Role	
  of	
  the	
  commioee	
  is	
  to	
  advise,	
  cri;que,	
  challenge,	
  
advocate	
  for	
  you	
  ….	
  

•  Chair	
  must	
  be	
  ESD	
  Faculty	
  Member	
  

•  Minimum	
  2	
  MIT	
  Faculty	
  Members	
  
•  Typically	
  3	
  Commioee	
  Members	
  

•  Maximum	
  5	
  Members	
  

•  Please join us for the dissertation defense of Valerie Karplus."
•  Date: Wednesday, February 23, 2011Time: 1:30PMRoom: E19-319"
•  Title: Climate and Energy Policy for U.S. Passenger Vehicles: A Technology-Rich 

Economic Modeling and Policy Analysis"
•  Committee: M. Webster (chair), J. Heywood, H. Jacoby, K. Oye, J. Reilly	
   16	
  

Example: 



ESD	
  Research:	
  Centers	
  and	
  Programs	
  

•  ESD-­‐affiliated	
  Centers	
  
–  Center	
  for	
  Transporta;on	
  and	
  Logis;cs	
  (CTL)	
  
–  Center	
  for	
  Technology,	
  Policy	
  and	
  Industrial	
  Development	
  (CTPID)	
  

–  Center	
  for	
  Biomedical	
  Innova;on	
  (CBI)	
  

–  Center	
  for	
  Engineering	
  Systems	
  Fundamentals	
  (CESF)	
  

–  Lean	
  Advancement	
  Ini;a;ve	
  (LAI)*	
  

•  Programs	
  
–  MIT	
  Portugal	
  Program	
  (MPP)	
  

–  MASDAR	
  Ins;tute	
  (Abu	
  Dhabi)	
  

–  CCES	
  at	
  KACST	
  and	
  MIT	
  (Saudi	
  Arabia)	
  

* Joint with Department of Aeronautics and Astronautics 

Notes:   
 - Not all research in ESD is book-kept in ESD (*) 
 - Only 50% of dual faculty research credited to ESD 

Where will my research funding (RA/TA) come from ? 

+ fellowships, + other MIT 



Sponsored	
  Research	
  in	
  ESD	
  

Research support in ESD has grown significantly since 2007 



How	
  do	
  I	
  choose	
  a	
  topic?	
  

•  Needs	
  to	
  represent	
  a	
  novel	
  contribu;on	
  to	
  science	
  
(address	
  a	
  current	
  gap)	
  
–  Read,	
  read,	
  read	
  to	
  make	
  sure	
  this	
  is	
  indeed	
  true	
  

•  Based	
  on	
  real-­‐world	
  problem	
  (CCI)	
  
•  Mul;disciplinary	
  and	
  socio-­‐technical	
  in	
  nature	
  
•  Data	
  /	
  Stakeholders	
  are	
  available	
  
•  Solvable	
  in	
  ~	
  2-­‐4	
  years	
  
•  You	
  have	
  to	
  be	
  passionate	
  about	
  it	
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Levels	
  of	
  Abstrac;on	
  

Nano- 
Technology parts cells/organs 

Engineering 
Systems 

Macro- 
Engineering 

supply chains 
infrastructures 

enterprises 
populations 

Management 
Epidemiology 

Bio- 
Engineering 

Subatomic World 
Quantum Physics 

Material 
Science 

crystals molecules Chemistry 

Universe 
Cosmology 

Length 
Scale 

Living Things Innate Things 

atoms atoms 
waves 

10-9 

100 

103 

106 

10-6 

10-12 

Product 
Development 

products 
vehicles individuals 

Medicine 
Psychology 

[m] 

1012 

nations 
economies 

Political Science 
Economics 

built  
environment 

Urban 
Planning 



Some	
  Ph.D.	
  Topics	
  from	
  AY	
  2010/2011	
  

•  A	
  Decision	
  Analysis	
  Framework	
  for	
  the	
  U.S.	
  Nuclear	
  Fuel	
  Cycle	
  (Pierpoint)	
  

•  The	
  MQ-­‐9	
  Reaper	
  Remotely	
  Piloted	
  AircraH:	
  Humans	
  and	
  Machines	
  in	
  
Ac;on	
  (Cullen)	
  

•  Using	
  Informa;on	
  Technology	
  to	
  Exchange	
  Health	
  Informa;on	
  among	
  
Healthcare	
  Providers:	
  Measuring	
  Usage	
  and	
  Understanding	
  Value	
  (Rudin)	
  

•  Cos;ng	
  Commonality:	
  Evalua;ng	
  the	
  Impact	
  of	
  Plauorm	
  Divergence	
  on	
  
Internal	
  Investment	
  Returns	
  (Cameron)	
  

•  Towards	
  High	
  Performing	
  Hospital	
  Enterprise	
  Architectures:	
  Eleva;ng	
  
Hospitals	
  to	
  Lean	
  Enterprise	
  Thinking	
  (Fradinho)	
  

•  The	
  Energy	
  Box:	
  Comparing	
  Locally	
  Automated	
  Control	
  Strategies	
  of	
  
Residen;al	
  Electricity	
  Consump;on	
  under	
  Uncertainty	
  (Livengood)	
  

•  Leveraging	
  Social	
  Informa;on	
  Systems:	
  Using	
  Blogs	
  to	
  Inform	
  Technology	
  
Strategy	
  Decisions	
  (Seshasai)	
  

•  Innova;on	
  Pathways	
  in	
  Technology	
  Intensive	
  Government	
  Organiza;ons:	
  
Insights	
  from	
  NASA	
  (Szajnfarber)	
  

21	
  Technology Management Social Sciences 
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The	
  General	
  Exam	
  I	
  

•  	
  The	
  General	
  Exam	
  
–  The	
  second	
  and	
  “main	
  gate”	
  in	
  the	
  PhD	
  program	
  

–  Is	
  the	
  candidate	
  prepared	
  and	
  capable	
  of	
  conduc;ng	
  PhD	
  level	
  
research	
  at	
  the	
  level	
  of	
  quality	
  we	
  expect	
  at	
  MIT?	
  

–  Typically	
  taken	
  aPer	
  core	
  requirements	
  have	
  been	
  fulfilled,	
  a	
  topic	
  
has	
  been	
  chosen	
  and	
  doctoral	
  commiTee	
  has	
  been	
  formed.	
  

–  A	
  creature	
  of	
  both	
  the	
  ESD	
  faculty	
  and	
  the	
  student’s	
  commioee.	
  The	
  
decision	
  on	
  whether	
  the	
  student	
  has	
  passed	
  or	
  failed	
  the	
  general	
  exam	
  
is	
  ul;mately	
  the	
  province	
  of	
  the	
  ESD	
  faculty-­‐at-­‐large.	
  It	
  tests	
  both	
  the	
  
candidate’s	
  knowledge	
  in	
  engineering	
  systems	
  and	
  poten;al	
  to	
  do	
  
PhD-­‐level	
  research.	
  

–  Two	
  wrioen	
  ques;ons	
  (of	
  four)	
  on	
  the	
  general	
  exam	
  build	
  on	
  
fundamental	
  engineering	
  systems	
  material.	
  (ESD.83,	
  ESD.86,	
  ESD.87)	
  

–  Two	
  ques;ons	
  are	
  given	
  by	
  the	
  student’s	
  doctoral	
  commioee	
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General	
  Exam	
  II	
  

•  Oral	
  
–  The	
  oral	
  exam—a	
  student	
  submits	
  a	
  research	
  paper	
  when	
  he	
  or	
  she	
  

picks	
  up	
  the	
  wrioen	
  exam.	
  As	
  it	
  is	
  currently,	
  this	
  paper	
  is	
  not	
  a	
  formal	
  
thesis	
  proposal,	
  but	
  rather	
  is	
  intended	
  to	
  demonstrate	
  that	
  the	
  
candidate	
  has	
  PhD-­‐level	
  research	
  poten;al.	
  

–  ESD	
  faculty	
  beyond	
  the	
  commioee	
  is	
  present	
  at	
  the	
  oral	
  exam.	
  	
  	
  

–  Presenta;on	
  of	
  30	
  minutes	
  

–  Extensive	
  Q&A	
  Session	
  (about	
  60	
  minutes)	
  

–  Secret	
  Vote	
  on	
  Pass,	
  Fail	
  or	
  Retake	
  

–  Can	
  aoempt	
  the	
  General	
  Exam	
  twice,	
  must	
  pass	
  on	
  2nd	
  try	
  or	
  withdraw	
  
from	
  the	
  program	
  



Doctoral	
  Degrees	
  Awarded	
  

The number of doctoral degrees awarded is increasing, especially 
since 2004 (due to the startup of the new ESD PhD program in 2002) 

Expect it to stabilize at about 10-15 per year. 

The ESD PhD program is now at steady state 



So	
  you	
  graduated,	
  now	
  what?	
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ESD	
  PhD	
  Alumni	
  Placements	
  [2004	
  -­‐	
  2011]	
  

Recommended to attend September 16, 2011 Alumni Homecoming Event 



Failure	
  Modes	
  in	
  the	
  PhD	
  Program	
  

•  Wait	
  forming	
  a	
  commioee	
  un;l	
  year	
  2	
  

•  Take	
  a	
  job	
  while	
  aoemp;ng	
  to	
  complete	
  
•  Go	
  on	
  non-­‐resident	
  status	
  for	
  more	
  than	
  1	
  semester	
  
•  Load	
  up	
  on	
  too	
  many	
  classes	
  (4+	
  per	
  semester)	
  

•  Become	
  a	
  “floater”	
  (especially	
  fellowship	
  students)	
  
•  Read	
  liole	
  and	
  talk	
  to	
  no	
  one	
  
•  Read	
  too	
  much	
  and	
  talk	
  to	
  “too	
  many”	
  people	
  

•  Good	
  Luck	
  ,	
  you	
  have	
  embarked	
  on	
  an	
  exci;ng	
  and	
  
challenging	
  journey	
  !	
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