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This lecture builds on:
1. Material that is part of the GWU class EMSE 8000
2. A qualitative methods workshop conducted at CESUN 2016 (joint with E. Gralla)
3. The paper: “Qualitative Methods for Engineering Systems: Why we need them 

and how to use them” (in review) (joint with E. Gralla) – provided read-ahead



Disambiguation

Case studies as an empirical basis for building 
(and/or elaborating) your theory

vs.

A case study used to prove that your new method 
works as advertised.
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Agenda

• When should you use case study methods?

• Where to start: Framing a question vs. testing a hypothesis

• Qualitative sampling: how do you pick cases/population?
• Levels of selection and how to count “N”
• N != N, and depth vs. breadth
• Quasi-experimental design vs. replication logic
• Statistical vs. Analytic Generalizability

• Scoping and conducting data collection

• Analysis strategies for inductive inference
• Overview of process
• Where the magic happens and how to be sure leaps are valid

• How to judge if the output of a case study is “good”?
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When to use case study methods
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A spectrum of theory building options
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Observe the world
Manipulate 

(experiment)

Qualitative 
(Case studies, 

ethnographies etc.

Quantitative 
(Surveys, econometrics, 

big data etc)

Experiments 
(Field, lab, serious 

games etc)

Models 
(Formal, simulation 

etc.)

1. Pick cases
2. In-depth observation 

population/artifacts
3. Infer abstracted 

patterns
4. Output: (tentative) 

Explanations

1. Pick cases/population
2. Operationalize abstracted 

measures
3. Measure effects 

(quantitative tools: 
networks, regression etc)

4. Output: clean measures of 
correlation; argument for 
causation

1. Represent phenomenon
2. Select actors (subjects)
3. Pick treatment/controls 

set of runs etc.
4. Measure effects
5. Output: clean measures 

of causation (here)

1. Represent phenomenon, 
actors (subjects) and set 
of interventions

2. Pick set of runs to 
compare

3. Measure effects (quant 
tools)

4. Output: complex 
measures of relationships 
(can get causation)

Each of strengths and weaknesses and an important role to play in 
studying and understanding the design and designers (and the world)



Where (depth) case studies help most 
(hint: not everywhere)
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Understanding the 
system

Framing hypotheses 
and relationships

Evaluating or testing 
the hypotheses

Validating or 
elaborating the 
theory

Research 
Value Chain

When to use? Understudied 
phenomenon

Existing theory 
inadequate to 

formulate hypotheses
Existing theory cannot 

explain empirical 
observation

Can’t extract from 
context

Cannot extract from 
context

Qualitative 
contributions

Key variables to measure

Propositions to test

Explanations and 
mechanisms

Impact of human behavior

New or modified 
explanations and 

mechanisms

Impact of human behavior

New or modified 
propositions to test



Where to start: Framing a question 
vs. testing a hypothesis
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The Hypothesis Trap: Questions are OK

• Engineers are often taught that objective research is framed 
around clear and testable hypotheses.

• However, in nascent, nebulous research areas, where case 
studies are most helpful, a focus on hypotheses can be 
harmful:
• They can limit what you observe… and you might miss critical/valuable 

insights.
• Can lead to confirmation bias, or frequent null results 

• It is ok (and preferable) to start with a broad question and 
refine it based on what you see. 
• NB: this makes the design of the research critical to validity!!  
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Qualitative sampling: how do you 
pick cases/population?

where (much of) validity comes from
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Defining “selecting cases:” N confusion
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Points of 
comparison

Sources of 
data about 
each “point”

Design 
team A 

Members 
1 - N

Artifacts 
producedArtifacts 

producedArtifacts 
produced

Members 
1 - NMembers 

1 - N
Interviews 

with people
1 - N

Notes from 
ObservationsNotes from 

ObservationsNotes from 
ObservationsNotes from 

Observations
Artifacts 

produced



Defining “selecting cases:” N confusion
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Points of 
comparison

Sources of 
data about 
each “point”

Design 
team A 

Data 
about A

Design 
team B

Design 
team N



Defining “selecting cases:” N confusion
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Points of 
comparison

Sources of 
data about 
each “point”

Team A at 
time t

Team A at 
time t+1

Team A at 
time t+n

Members 
1 - N

Artifacts 
producedArtifacts 

producedArtifacts 
produced

Members 
1 - NMembers 

1 - N
Interviews 

with people
1 - N

Notes from 
ObservationsNotes from 

ObservationsNotes from 
ObservationsNotes from 

Observations
Artifacts 

producedHow many “N”? 
Does it matter if all the team’s are in the same organization? 
If I study 1 team over 3 periods, is that the same as 3 teams? 3 
teams, each in a different org? What if I only observe the artifacts 
they produce vs. interview each of them in depth?



N != N (and N isn’t the most important 
measure in case study research anyway)
• Most common critique when presenting case study 

research to engineers: “You only have 4 “N” how can you 
learn anything?

• Assumption: Researcher meant to use statistical 
sampling to achieve representative measure of 
population. 
• You might use statistical logic to choose your interviewees to 

inform on a particular case, but almost never to choose the cases 
you are comparing.

• When you are purposive sampling (or selecting) achieving 
variation on your explanatory variables is what matters. General 
guidance: 4-10 is a good number.

• How do we select cases properly?
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Case study selection logics

1. When it’s ok to use a single case (see Yin 2009):
• “Critical case” suitable to test predictions
• Unique enough to warrant study regardless of generalizability.
• Strong argument for representativeness
• Longitudinal study enables comparison across time

• Otherwise:
2. Analogy to experimental design (see Campbell and Stanley)
3. Replication logic (See Eisenhardt 1989, Yin 2009)

• In all cases, you’re choosing for theoretical reasons (e.g., 
how X explains/drives Y), reflected by RQ
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2. “Quasi-experimental” design
• (Assuming familiarity with basic experimental designs)
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Pretest-Posttest Control Group Design
R O X O
R O O

Solomon Four-Group Design
R O X O
R O O
R X O
R O

Posttest-Only Control Group Design
R X O
R O

R – Randomize
O – Observation (invasive)
X – Treatment (discrete)



2. “Quasi-experimental” design
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Time Series
O O O O O O X O O O O

Equivalent Time Samples Design
X1O  X0O  X1O  X0O

Nonequivalent Control Group Design
O X O

O
Singe Case Study (extends to multiple)

O X O
Static-Group Comparison

X O
O

What you’re looking for:

Know that “X” will happen (in the 
future). You start observing in 
advance, so you can watch how it 
changes things.

Advanced warning of X. Observe 
it happening, and find a similar 
group that it didn’t happen to.

No advanced warning, but near 
identical group to compare to



Example: How does NASA tech funding 
model affect development process?
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Big bang Model:
Spend 10+ years investing heavily 
in a mission-enabling capability 
that will likely only fly once.

Example: X-ray 
Spectrometer for AXAF, 
initial development at 
NASA in 1983

Innovation theory says: 
Inherently inefficient because the first build is always 
more expensive (on a per unit basis) and has lower 
performance than will future iterations. If the “2nd-nth” 
units are never produced, there will be 
• no basis for averaging down R&D investment costs
• no benefit accrued from marginal production 

improvements.

Szajnfarber, Z. (2014) “Space science innovation: How 
mission sequencing interacts with technology policy” 
Space Policy 30(2) 83-90 
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Research Focus:
Merits of a few large missions vs. many small missions:
Risk/reliability/survivability/tech obsolescence

Quasi-experimental design: 
Enabled by a unique empirical setting

http://www.darpa.mil/Our_Work/TTO/Program
s/System_F6.aspx

Mission 
context

R&D
Periods

Prep for 
Chandra

De-
manifest

Astro-E
Launch 
failure

Astro-E2
Cryo

Failure
NeXT

Prep for 
Con-X

Con-X

1983
Astro H

IXOTransit-
ion to 

IXO

2010

Period 1: Big bang Period 2:
Period 3:

Rare insight into counterfactual: what would have happened if the 
mission opportunities had been structured differently?  



3. Replication Logic

• Process:
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X1OA
1

X1OB1 X2OA2 X2OB2

Theory

X1

X2

OA,1,2… OB,1,2…

Case study/population

Tr
ea

tm
en

t

Literal replication (check predictably the same)

Theoretical (check predictably of different outcome)



Summary

• Analogy to experiments: quasi-experiments
• Choose cases to be able to rule out alternative explanations 

of the observed effect.

• Replication logic:
• Progressively gain confidence in ability for emerging theory 

to make predictions under different conditions.
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Relating back to validity (I and E)
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• Internal Validity (necessary minimum):
• Level 0: Are you in fact observing the phenomenon you think you 

are? 
• Easiest to guarantee in qualitative case studies. Hard with other methods.

• Level 1: Can you isolate the impact (causality) of the treatment in 
your observations?

• Largely done through selection of cases/depth of observation

• External Validity (asks the question of generalizability):
• Level 0: Is the effect repeatable in all contexts of this kind?

• This is the value of doing at least one literal replication
• Level 1: How broadly does it apply: To what populations, settings, 

treatment variables, and measurement variables can this effect be 
generalized?

• Statistical generalization doesn’t go beyond population; 
• Focus on theoretical generalization, based on case selection!

Qualitative case studies may (are capable of) generalize farther than 
quantitative ones, with good selection of cases and supporting data.



Side note: 
On selecting informants/who to observe

• Here, you are aiming to be representative of the case

• Sampling:
• Non-probability sampling:

a. Purposive (judgmental) sampling: The units to be observed are selected on the basis of the researcher’s judgment about 
which ones will be the most useful or representative. (Appropriate for small N)

b. Snowball sampling: each person interviewed may be asked to suggest additional 
people for interviewing.

c. Quota Sampling: Units are selected into a sample on the basis of prespecified characteristics, so that the total sample will 
have the same distribution of characteristics assumed to exist in the population being studied.

• Probability Sampling: The general term for samples 
selected in accord with probability theory, typically 
involving some random-selection mechanism. 

a. Equal Probability of Selection Method: A sample design in which each member of a 
population has the same chance of being selected into the sample.

b. Simple Random Sampling: A type of probability sampling in which the units composing a 
population are assigned numbers. A set of numbers are then 
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Scoping and conducting data 
collection
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Let’s you get in designer’s head, must be done retrospectively. Some 
phenomena take to long to observe (or can’t be)

Let’s you see phenomenon evolve in real-time, limits to what you can 
reasonably observe.

Important for cross-checking e.g., interview responses.

See paper for tips and tricks



Inductive Analysis Strategies
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Avoiding “death by data asphyxiation”
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Process 
Data Within-case “sense-making” Cross-case theory building

Analytical 
Chronologies

(Pettigrew 1990)

1 1997 SR&T, int with 
KB and KJ

MOXE ongoing, LOBSTER just s tarting, us ing gas  proportional  counters  to do a l l  sky 
monitoring. KB gets  connected with KJ (LOBSTER) and SH (interested in Gamma-ray 

telescope) 

2 10/1/1998 1998 DDF proposa l

Awarded: Proposa l  to explore use of "wel l" microstructure recently patented by Solberg, 
Pi tts  and Walsh for astronomica l  gas  detectors . Appl ication: a l l  sky monitors ; "The micro-
wel l  detector replaces  the thin wires  of the tradi tional  multi -wire proportional  counter 

with meta l  electrodes  mounted on oppos i te s ides  of a  polymer fi lm. The polymer i s  then 
micro-machined to expose the anodes  to the cathodes , establ i shing a  two-dimens ional  

array of anode-cathode pa i rs  that act as  gas  proportional  counters . The anodes  and 
cathodes  provide an orthogonal  coordinate readout with equal  resolution in each 

dimens ion."

3 1999 Interview 
with KB

KB s truggl ing with making detector work, someone says  PDJ good at that - tel l s  him to 
clean i t, they s tart working together

4 9/1/1999 1999 DDF report
Change: Found that idea  wasn't feas ible, ins tead focused on TFT readouts  - > 

col laboration with PSU

5 10/1/1999 1999

SR&T 
proposa l , 
interview 
with KB

Rejected: track immaging technology for gamma-ray telescopes . Us ing TFTs  col laboration 
with PSU

6 10/1/1999 1999 DDF proposa l

Awarded: proposal  to explore use of sol id-s tate instead of imaging gas  micro-wel l  
detector. "Construction of a  sui table thin window for such a  gas  detector remains  a  

technica l  cha l lenge. We therefore propose to investigate an a l ternative development 
path: a  sol id-s tate substi tute for the gas  in the microwel l  detector"

7 9/1/2000 2000 DDF report

Bui l t TFT and integrated i t with micro-wel l  detector: S. D. Hunter, et a l . 1999, “Imaging 
Micro-wel l  Proportional  Counters  Fabricated with Masked UV Laser Ablation,” Proc. 5th 

Int. Conf. on Pos i tion-Sens i tive Detectors , to appear in Nucl . Ins t. Meth.
K. Black, et a l . 2000, “Imaging Micro-wel l  Detectors  for X and g-ray Appl ications ,”

SPIE. 4140-33, in press .
J.R. Huang, et a l . 2000, "Active-Matrix Pixel i zed Wel l  Detectors  on Polymeric

Substrates , " Proc. National  Aerospace and Electronics  Conf., Oct 10-12, 2000, Dayton
OH, NAECON 2000. (best paper)

8 10/1/2000 2000 DDF proposa l
di rect continuation of DDF 1999, but focus  on pourous  dielectric and colaboration with 

Adelphi  more than PSU. PSU continued with SR&T

9 10/1/2000 2000

SR&T 
proposa l , 
interview 
with KB

Awarded: same as  above. Funding for 2000-2002; never managed to get the TFTs  working 
though

10 late 2000 interview 
with KB

memory of conversation with PDJ: thought these detectors  were important but needed to 
justi fy investment with future appl ications . Pursuing Lobster and gamma-ray miss ion. 
Thought polarimeter could be good (science di rector asking us  to solve that problem 

every year!). Did some back of the envelop ca lculations  and proved to ourselves  that i t 
wouldn't work for polarimetry... so we dropped that 

11 2000 (Martoff et. 
a l . 2000)

NIM A - demonstrated an innovative technique for di ffus ion suppress ion in multi -wire 
dri ft chambers  with electronegative gas  additives

2001 DDF report Adelphi  got SBIR through FY2003 to pursue purous  dia lectric for thin fi lm window

12 early 2001 Interview 
with KB

"It’s  kinda funny. That group has  been working on polarimeters  for a  whi le and had 
been doing i t wi th s trip-readout (one dimentional  read out) and they’d never rea l ly 
gotten anywhere. In their papers  i t a lways  sa id that i f we had a  pixi lated readout i t 

would be great. And I  had never pa id any attention … Then they submitted this  nature 
paper and somebody here – who I  knew – was  asked to review the paper… and because 
of my expertise they gave i t to me to take a  look… Assuming i t was  yet another nothing 
resul t, I  took i t home and forgot about i t unti l  i t was  bed time... when I  got around to 

reading i t. That was  a  mistake because i t got me so exci ted that I  couldn’t s leep! They 
had fantastic resul ts  reading out these detectors  in a  pixel i zed fashion. We could make 

polarimetry work!"

13 6/7/2001 2001 (Costa  et a l  
2001)

Demonstrate polarimeter based on photoelectric effect - use micropattern gas  counters  
read-out in pixel i zed way. (Neon-based gas , GEM, MPGC digi ta l  read-out)

14 4/6/2001 2001 APRA 
proposa l

Acepted: develop polarimeter based on Costa  (resul t not yet publ i shed?) Increased 
active area  by factor of 50 (KB says  i t's  wasn't funded, but found reference in 2006 APRA 

that says  i t was)

Incident# Date Year Data  Source Description

Event Database
(Van de Ven et al 

1990; 2000)

Structured Visual Map 
(per Langley 1999)

  Case Funding Personnel Technology 

C
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lo
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n 

CADR#1 4xCenter team + Inst - Tech parallel component paths 

CZT#2 3xCenter + 3xNASA + 
Balloon  

team +4xTech 
+Inst multiple technique strategies 

Pol#3 Brainstorm + 2xCenter + 
3xNASA team + Tech multiple readout strategies 

Si#4 NASA + Project team + 3xInst + 
Tech - 3xObs 

multiple materials and techniques 
tried  

Si#5 2xCenter + 2xNASA + 
Sounding Rocket + Project team + Tech multiple materials and techniques 

tried  

Si#6 2xCenter + NASA + SR 
+2xProject no change multiple readout strategies and 

techniques tried 

TES#7 Branch +3xCenter + 2xNASA 
+ SR + Project team + Tech Exploration of new materials and 

techniques 
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CADR#1 4xCenter team + Inst - Tech parallel component paths 

CZT#2 3xCenter + 3xNASA + 
Balloon  

team +4xTech 
+Inst multiple technique strategies 

Pol#3 Brainstorm + 2xCenter + 
3xNASA team + Tech multiple readout strategies 

Si#4 NASA + Project team + 3xInst + 
Tech - 3xObs 

multiple materials and techniques 
tried  

Si#5 2xCenter + 2xNASA + 
Sounding Rocket + Project team + Tech multiple materials and techniques 

tried  

Si#6 2xCenter + NASA + SR 
+2xProject no change multiple readout strategies and 

techniques tried 

TES#7 Branch +3xCenter + 2xNASA 
+ SR + Project team + Tech Exploration of new materials and 

techniques 
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CADR#1 4xCenter team + Inst - Tech parallel component paths 

CZT#2 3xCenter + 3xNASA + 
Balloon  

team +4xTech 
+Inst multiple technique strategies 

Pol#3 Brainstorm + 2xCenter + 
3xNASA team + Tech multiple readout strategies 

Si#4 NASA + Project team + 3xInst + 
Tech - 3xObs 

multiple materials and techniques 
tried  

Si#5 2xCenter + 2xNASA + 
Sounding Rocket + Project team + Tech multiple materials and techniques 

tried  

Si#6 2xCenter + NASA + SR 
+2xProject no change multiple readout strategies and 

techniques tried 

TES#7 Branch +3xCenter + 2xNASA 
+ SR + Project team + Tech Exploration of new materials and 

techniques 
 

Characteristic Epochs

Transition inducing Shocks

  Case Funding Personnel Technology 

C
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po
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ra
tio

n 

CADR#1 4xCenter team + Inst - Tech parallel component paths 

CZT#2 3xCenter + 3xNASA + 
Balloon  

team +4xTech 
+Inst multiple technique strategies 

Pol#3 Brainstorm + 2xCenter + 
3xNASA team + Tech multiple readout strategies 

Si#4 NASA + Project team + 3xInst + 
Tech - 3xObs 

multiple materials and techniques 
tried  

Si#5 2xCenter + 2xNASA + 
Sounding Rocket + Project team + Tech multiple materials and techniques 

tried  

Si#6 2xCenter + NASA + SR 
+2xProject no change multiple readout strategies and 

techniques tried 

TES#7 Branch +3xCenter + 2xNASA 
+ SR + Project team + Tech Exploration of new materials and 

techniques 
 

~100 hrs 
interviews

~150 
archival 

documents

~2 months 
informal 

observation
Technology 
Exploration

Architectural 
Exploration

Treading 
Water and 

Branching Out

Exploitation

D
evO

p

TechB

Context
Join (-)

Context
Funding (+/-)

DevOp

Approved

D
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O
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d

TechA
TechA

C
ontext

Funding (+/ -)

DevOpNeed
TechA

Technology 
graveyard

Flight

Gestation 
Period

DevOpNeed
TechA

Con
tex

t

TechB

TechB

Path Initiation Path Termination

Epoch-Shock Model



Avoiding “death by data asphyxiation”
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Process 
Data Within-case “sense-making” Cross-case theory building

Analytical 
Chronologies

(Pettigrew 1990)

1 1997 SR&T, int with 
KB and KJ

MOXE ongoing, LOBSTER just s tarting, us ing gas  proportional  counters  to do a l l  sky 
monitoring. KB gets  connected with KJ (LOBSTER) and SH (interested in Gamma-ray 

telescope) 

2 10/1/1998 1998 DDF proposa l

Awarded: Proposa l  to explore use of "wel l" microstructure recently patented by Solberg, 
Pi tts  and Walsh for astronomica l  gas  detectors . Appl ication: a l l  sky monitors ; "The micro-
wel l  detector replaces  the thin wires  of the tradi tional  multi -wire proportional  counter 

with meta l  electrodes  mounted on oppos i te s ides  of a  polymer fi lm. The polymer i s  then 
micro-machined to expose the anodes  to the cathodes , establ i shing a  two-dimens ional  

array of anode-cathode pa i rs  that act as  gas  proportional  counters . The anodes  and 
cathodes  provide an orthogonal  coordinate readout with equal  resolution in each 

dimens ion."

3 1999 Interview 
with KB

KB s truggl ing with making detector work, someone says  PDJ good at that - tel l s  him to 
clean i t, they s tart working together

4 9/1/1999 1999 DDF report
Change: Found that idea  wasn't feas ible, ins tead focused on TFT readouts  - > 

col laboration with PSU

5 10/1/1999 1999

SR&T 
proposa l , 
interview 
with KB

Rejected: track immaging technology for gamma-ray telescopes . Us ing TFTs  col laboration 
with PSU

6 10/1/1999 1999 DDF proposa l

Awarded: proposal  to explore use of sol id-s tate instead of imaging gas  micro-wel l  
detector. "Construction of a  sui table thin window for such a  gas  detector remains  a  

technica l  cha l lenge. We therefore propose to investigate an a l ternative development 
path: a  sol id-s tate substi tute for the gas  in the microwel l  detector"

7 9/1/2000 2000 DDF report

Bui l t TFT and integrated i t with micro-wel l  detector: S. D. Hunter, et a l . 1999, “Imaging 
Micro-wel l  Proportional  Counters  Fabricated with Masked UV Laser Ablation,” Proc. 5th 

Int. Conf. on Pos i tion-Sens i tive Detectors , to appear in Nucl . Ins t. Meth.
K. Black, et a l . 2000, “Imaging Micro-wel l  Detectors  for X and g-ray Appl ications ,”

SPIE. 4140-33, in press .
J.R. Huang, et a l . 2000, "Active-Matrix Pixel i zed Wel l  Detectors  on Polymeric

Substrates , " Proc. National  Aerospace and Electronics  Conf., Oct 10-12, 2000, Dayton
OH, NAECON 2000. (best paper)

8 10/1/2000 2000 DDF proposa l
di rect continuation of DDF 1999, but focus  on pourous  dielectric and colaboration with 

Adelphi  more than PSU. PSU continued with SR&T

9 10/1/2000 2000

SR&T 
proposa l , 
interview 
with KB

Awarded: same as  above. Funding for 2000-2002; never managed to get the TFTs  working 
though

10 late 2000 interview 
with KB

memory of conversation with PDJ: thought these detectors  were important but needed to 
justi fy investment with future appl ications . Pursuing Lobster and gamma-ray miss ion. 
Thought polarimeter could be good (science di rector asking us  to solve that problem 

every year!). Did some back of the envelop ca lculations  and proved to ourselves  that i t 
wouldn't work for polarimetry... so we dropped that 

11 2000 (Martoff et. 
a l . 2000)

NIM A - demonstrated an innovative technique for di ffus ion suppress ion in multi -wire 
dri ft chambers  with electronegative gas  additives

2001 DDF report Adelphi  got SBIR through FY2003 to pursue purous  dia lectric for thin fi lm window

12 early 2001 Interview 
with KB

"It’s  kinda funny. That group has  been working on polarimeters  for a  whi le and had 
been doing i t wi th s trip-readout (one dimentional  read out) and they’d never rea l ly 
gotten anywhere. In their papers  i t a lways  sa id that i f we had a  pixi lated readout i t 

would be great. And I  had never pa id any attention … Then they submitted this  nature 
paper and somebody here – who I  knew – was  asked to review the paper… and because 
of my expertise they gave i t to me to take a  look… Assuming i t was  yet another nothing 
resul t, I  took i t home and forgot about i t unti l  i t was  bed time... when I  got around to 

reading i t. That was  a  mistake because i t got me so exci ted that I  couldn’t s leep! They 
had fantastic resul ts  reading out these detectors  in a  pixel i zed fashion. We could make 

polarimetry work!"

13 6/7/2001 2001 (Costa  et a l  
2001)

Demonstrate polarimeter based on photoelectric effect - use micropattern gas  counters  
read-out in pixel i zed way. (Neon-based gas , GEM, MPGC digi ta l  read-out)

14 4/6/2001 2001 APRA 
proposa l

Acepted: develop polarimeter based on Costa  (resul t not yet publ i shed?) Increased 
active area  by factor of 50 (KB says  i t's  wasn't funded, but found reference in 2006 APRA 

that says  i t was)

Incident# Date Year Data  Source Description

Event Database
(Van de Ven et al 

1990; 2000)

Structured Visual Map 
(per Langley 1999)

  Case Funding Personnel Technology 
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CADR#1 4xCenter team + Inst - Tech parallel component paths 

CZT#2 3xCenter + 3xNASA + 
Balloon  

team +4xTech 
+Inst multiple technique strategies 

Pol#3 Brainstorm + 2xCenter + 
3xNASA team + Tech multiple readout strategies 

Si#4 NASA + Project team + 3xInst + 
Tech - 3xObs 

multiple materials and techniques 
tried  

Si#5 2xCenter + 2xNASA + 
Sounding Rocket + Project team + Tech multiple materials and techniques 

tried  

Si#6 2xCenter + NASA + SR 
+2xProject no change multiple readout strategies and 

techniques tried 

TES#7 Branch +3xCenter + 2xNASA 
+ SR + Project team + Tech Exploration of new materials and 

techniques 
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CADR#1 4xCenter team + Inst - Tech parallel component paths 

CZT#2 3xCenter + 3xNASA + 
Balloon  

team +4xTech 
+Inst multiple technique strategies 

Pol#3 Brainstorm + 2xCenter + 
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Transition inducing Shocks
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Case study myth:

Not enough data
Actually, often more 
data than you know 
what to do with.

Engineering discomfort:

Despite many textbooks on 
process of inductive research, no 
method that spits out a weight 
and a p-value.

Need for “creative leap”



Abduction (the creative leap)

• Abductive reasoning: 
• Inferring a as an explanation of b. B is the consequence (or 

observed outcome) and a is the abducted (ideally best) 
explanation. 

• A is not guaranteed to be true (simply by this abduction), 
but the validity can then be tested deductively.

• Abductive steps show up in most research even 
though they are often not acknowledged (e.g., where 
do hypotheses come from?)
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Avoiding (the bad kind of) Bias

• How do we make sure that an insight from a small number of 
(e.g., interview-based) case studies is true?
• Often asked: Would multiple people looking at the same data come to 

the same conclusion?
• Analogy to repeatability (incorrect logic)/inter coder reliability

• Better question: How can I prove that my abduced explanation fits the 
data?

• Analogy to training data 

• Key point: It doesn’t matter if multiple people could come up 
with the insight. It is critical that the validity of the insight can 
be objectively proven.
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Example: Why do technology development 
paths appear to “switchback”?
• Began to see to explanatory “patterns” coming up over and 

over again in my first two instances.

• I checked whether they explained what the observation in 
several other instances (selected using replication logic) and 
they did, but there was also a third different reason. 

• Tried the 3 on two more cases (again, replication logic) and 
they explained the observations and no new “patterns” 
emerged.

• Stopped at “theoretical saturation”
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Output of case studies
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Understanding the 
system

Framing hypotheses 
and relationships

Evaluating or testing 
the hypotheses

Validating or 
elaborating the 
theory

Research 
Value Chain

When to use? Understudied 
phenomenon

Existing theory 
inadequate to 

formulate hypotheses
Existing theory cannot 

explain empirical 
observation

Can’t extract from 
context

Cannot extract from 
context

Qualitative 
contributions

Key variables to measure

Propositions to test

Explanations and 
mechanisms

Impact of human behavior

New or modified 
explanations and 

mechanisms

Impact of human behavior

New or modified 
propositions to test

Case studies rarely “prove” anything. They help us deeply understand how a process or 
phenomenon works. This is the building block for future theory or a way to elaborate 
existing theory.



How should you judge if a case study 
result is good/valid?
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Qualitative approaches: when and why?

• Why use qualitative research approaches?
• Study socio-technical systems: messy complexity of human and 

organizational drivers of design, development, operation

• When to use qualitative research approaches?
• When the phenomenon is not easily observable or quantifiable, e.g. 

occurs inside the minds of actors
• When existing theory is inadequate to explain the phenomenon

• Perhaps because theory derived in a different context, or disproved by empirical 
evidence, or not investigated empirically. 

• Might be manifested as inability to come up with hypotheses, not clear what to 
measure, not enough knowledge to make good modeling assumptions

• When the phenomenon must be studied in empirical context
• Perhaps because impractical to replicate in laboratory or model, empirical 

details too important to abstract away [e.g. disaster response decision-making]
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Standards for evaluating case studies

• Caution: different process, different standards

1. Were the cases picked to enable inference that answers the posed 
questions?

• Check selection, replication logic
• Don’t sample on the dependent variable (don’t choose because the outcomes are 

different)
• Strong theoretical grounding is critical

2. Do the data fit the proposed explanation?
• Were alternative explanations explored and ruled out?
• Did they talk about saturation on theoretical dimensions?
• Did they take advantage of depth?

3. Is the evidence compelling as written?
• Balance “showing” the data and “telling” the findings
• Do not seek objectivity at the expense of unique insight
• “Plausibly Generalizeable” is enough.
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Further Reading
• Our paper: “Qualitative Methods for Engineering Systems: Why we need them and how to use 

them” (in review) (joint with E. Gralla) – provided read-ahead

• Edmondson, A. C., & McManus, S. E. (2007). Methodological fit in management field research. 
Academy of Management Review, 32(4), 1155–1179. https://doi.org/10.5465/AMR.2007.26586086 

• Eisenhardt, K. M. (1989a). Building Theories from Case Research. The Academy of Management 
Review, 14(4), 532–550.

• Eisenhardt, K. M. (1989b). Building Theories from Case Study Research. Academy of Management 
Review, 14(4), 532–550. 

• Langley, A. (1999). Strategies for Theorizing from Process Data. Academy of Management Review, 
24(4), 691–710. https://doi.org/10.5465/AMR.1999.2553248

• Locke, K. (2001). Grounded theory in management research. Sage.

• Mintzberg, H. (1979b). An emerging strategy of“ direct” research. Administrative Science Quarterly, 
582–589.

• Pettigrew, A. M. (1990). Longitudinal Field Research on Change: Theory and Practice. Organization 
Science, 1(3), 267–292. 
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