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e U.S. Army Lt. Col. (now Col.) Scott Snook, Friendly Fire, Princeton
University Press, 2000

» Sociological study using thin/thick description techniques and theories of
individual, group and organisational behavior

* U.S. DoD Aircraft Accident Investigation Board Report, Executive
Summary (WWW source)
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* OQOriginally: to analyse the incident using WBA and compare with
Leveson's STAMP analysis, 20" ISSC, 2002
 Actually: to redo Snook's analysis using WBA techniques
* To represent Snook's analysis as causal explanation
* To devise methods to represent social factors and theories effectively
within a WB-type analysis
* As the study progressed:
* To check for consistency and resolve explanatory conflicts
* To devise methods of composing small WB-graphs
* To devise meaning-preserving methods of fusing nodes
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Ab initio Social Analysis: What is Needed

* |dentify crucial behaviors needing explanation

* |dentify social theories to explain this behavior
* Individual, group, organisational
* Inthis three-way classification, we already impose a theory
 Additional theories inside each category

* The choice of social-explanatory theories appears to be imposed on the
incident and thus a priori

* One could imagine developing templates for applying a theory
||t follows, then, that a SOL is as ,good” as a Snook !
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Snook's Method

e Uses atime line and a ,causal map*
e (Causal map (very informal use of Counterfactual Test) ,insufficient
* Four levels of goings-on
* |ndividual, Group, Organisational and Technical levels
,Thick description® technique (cf Vaughan, Challenger)
Oriented almost entirely towards the human systems

* |dentifies known social and psychological phenomena
* Applies theories of individual, group, organisational behavior

* Devises theory of ,practical drift*

* One-shot deal
e generalisability unclear (to me at least!)
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WBA (Ladkin, Loer)

|dentifies the causal factors involved in an incident

Uses the Counterfactual Test to determine whether one state or event is a
causal factor of another (rigorous semantics)

Tests for correctness and relative (in)sufficiency
Methods to represent underdetermination and factors of omission

Backed by a rigorous formal method for determining correctness and
relative sufficiency of a proposed explanation, based on Lamport's
reverse-natural-deduction proof schemes and a formal logic EL (time,
causal, deontic logic + rules of explanation)

Claims to be general method for explicating causality in all systems
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Outcome of the Study

e WBA study shows

* Modified WBA (Causal Explanatory Graph) indeed applicable to organise
social-organisational-psychological factors

 Verification and correction ability of semi-formal method (WBA in this case)
essential for checking informal sociological work
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Part 2: The Incident and Snook's Causal Representation
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US Army Black Hawks shot down by USAF F-15 aircraft

e 14 April 1994 shootdown of two UH-60 utility helicopters by USAF F-15
aircraft in Northern Iraq during Operation Provide Comfort
 Col. Scott Snook, sociological study Friendly Fire, Princeton U.P. 2000
* Leveson et al., STAMP, ISSC20, 2002
» |adkin et al., WBA, Bieleschweig 3, 12-13 February 2004
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Friendly Fire Incident

* Two UH-60 Black Hawk helicopters, ,Eagle Flight®, ferrying high-level
personnel to and fro inside the No-Fly Zone (NFZ) of Northern Iraqg
during Operation Provide Comfort

* Two F-15 aircraft performing the first ,clean sweep” of the NFZ for the
day, identify low-flying targets

» Eagle Flight monitored sporadically by AWACS, which had nominal
command authority over F-15 engagements, but did not know where
Eagle Flight was, nor inform F-15 pilots of its potential presence

e UH-60's visually misidentified and shot down by F-15's
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Friendly Fire Incident Analyses

e SECDEF's memo on the AAIB report identifies as ,errors, omissions
and failures® that

* The F-15 pilots misidentified the Black Hawks

e The AWACS crew failed to intervene

* Eagle Flight ops were not integrated into the Task Force
* The Identification Friend or Foe (IFF) systems failed

* Snook: four points here show four types of factor
* |ndividual, group, organisational, technical (IGO+T)

* Snook addresses mostly the human IGO domains

* There appears to be no chance of explanation of the IFF behavior
12 February 2004 12
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Snook's Time Line: Critique

* Snook's visual presentation highly unsatisfactory

* Time Line representation is abstract and confusing
* |tis spatially constrained

* Due to these spatial constraints, it cannot effectively represent the AAIB
Executive Summary events and must abstract

* Participants in events easily indicated if spatially adjacent, confusingly
indicated if spatially separated

e Simultaneous events and their participants confusingly indicated
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Modifying the Representation of the Time Line

* Need way to show arbitrarily detailed (long) time line without spatial
constraints

* Write it vertically rather than horizontally
* Need way to show event participants without visual confusion

* Participants represented by columns

* A markin a column opposite an event represents participation
* Need way to show simultaneous events without confusion

* One mark on time line for the time

* Multiple lines by the mark, one for each event

* Time-separated events separated by a blank line
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Our Time Line after Snook
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The AAIB Timeline

* The AAIB timeline appears to us to contain 47 significant events
* Snook's timeline includes 25 such events

* |t looks as if Snook made a selection
* The criteria are unspecified

e Qur representation of the timeline does not force such a selection
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Snook's ,,Causal Map*
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Snook's Causal Map: Critique

e Causal Map is visually confusing
* |tis spatially constrained
* |t does not enable you to see ,causal flow", or (inadmissible) loops
* |t would be hard to ,use®, and was hard even to check for correctness
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Snook's Causal Map using ciedit
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Snook's Causal Analysis: Critique

 Different procedures for deriving facts
» \WBA List of Facts derived directly from AAIB Report ExecSumm
e Snook's list lacks explicit justification; appears to be ad hoc

» Existence of causal loops

* Seven pairs of phenomena have edges in both directions! This violates the
semantics of the Counterfactual Test, which Snook claimed to be using

* Mistakes in application of the Counterfactual Test

* We found some 69 edges that passed the Counterfactual Test, but also
some 25 edges that did not!

12 February 2004 22



University of Bielefeld
Faculty of Technology

Corrected Causal Map
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WBA from the AAIB Report Executive Summary

e Qur WBG derived from the AAIB report is considered later in Part 5 of
this presentation
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Critique of Snook's Causal Analysis: Source

e Qur critique is presented in full in Two Causal Analyses of the Operation
Provide Comfort Black Hawk Shootdown, Peter B. Ladkin and Jorn
Stuphorn, in series Conferences in Research and Practice of
Information Technology (CRPIT), Volume 33, Safety-Critical Systems
and Software 2003.

Available through crpit.com , forthcoming in 2004
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Part 3: Snook's Evocation of IGO Factors
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Summary of Analysis of IGO Factors

* Snook's presentation and analysis is narrative and evocative, with little
or no visualisation

* His guiding procedure is curiosity, sociological knowledge, military
knowledge, and dissatisfaction with superficial explanatory suggestions

* We summarised Snook's detailed argumentation through highlighting

* We codified his proposed causes/explanations in mini-WBGs, and then
composed the WBGs, as explained in Part 6 of this presentation
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Example of the Method: Group F

-
wity, there is a lat of nothing going on here—a lot of nothing (hag e
) s 5
explaining,

A Weak Team: Overmatched

A focus on AWACS Inaction suggests & group level analysis. After all, “; i,
the team, not the alrerafl or the indlvidunl pilots, that is at the oot of mog
accidents and incidents™ (Hackman, 19931 49). Shifting attention away [
mdividual pilots to the AWACS crew requires adopting an entirely diffevey;
analytical perspective—one based on the ventral premise thal gioups are
important; dod should, (erefore, be wken seriously (Leavitt, 1975) This
chapter takes groups seriously, By tracing the path of our AWACS orpw
from its formation to its fateful Hight, we'll apply what we know aboy
groups in.complex organizations to help us address the question: Why didu’y
{he AWACS crew intervens?

The shorl answer is that the AWACS crew of record flying on 14 Aprl
was weak dnd underdeveloped. It was weak in bhoth an Internal, absolute
sense and nlso in an external, relatve sense, In an' absolute sense, our
AWACS mission erew never grew strong enougly as a troe team (o perfim
beyond a minimum level of proficiency. As long as mission demands re-
mained relatively simple and routine, even our young® crew would have
performed just fine, Unfortundtely, this crew was no mateh for the unusunlly
demanding set of circumstances they laced on their very first fight togesher
inscountry, A weal crewy failed 1o accurately wack Eaele Flight hellcopters
wnel tumed ont to/be o mateh for questioning a rapidly developing combe
etgagement by dwa fighter pilofs.

Ullimately, the AWACS crew’s ineffeetive monitaring of Eagle Flight and
failure to intervene can be taced back to a funddamental legdarship fallue: n
short, our AWACS crew experienced a very poor Taunch, Key leaders falled
at the critical sk of crew formation, An uvm‘reiianw:nn-‘mfganizﬂmmwliﬁr
defined positions, standard operating procedures, and interaction rules led to
thetinquestioned-adoptionof & priori satpts o8 Shallow functiondl substilufes
tormare deeply shared norms.” This is tot all that surprising. given the Air
Foree’s historical emphasis on individual (raining and gualification, Al
Faree petsonnel systems are primarily designed w selecl, train, and qualify

I s sense, | use the wonl “young™ to refet to the enllective nge or “mission experiende
age” of the: crew. Individual crew members muy huve been guite experenced; however, as 0
teluny our AWACS crew was siill voung iy the sense that they had not shared any significant
wirrk experiences rgarfier Yet ns o feam,

" Betieahavsen und Murnigha (19853 also found tha “deliberate groups.” whose members
invosted time up front (o negotinte dud fine-wine expected norms, performed better when subse-
guent difficulties emerged than did “impeiuovs groups," wha proceeded quickly and confidently.
assuming similar o priogi seripts

o
,mujviduﬂ'l ciew niembers, not et teams, For example, after the shoot-
i i great deal of time was spent trying to determine if the Mission Crew
( mmm‘ldﬂl‘ was technically "mission veady™ in 1:\101."1"1'{]:1.11% with, Air F:‘wce‘
Regulations. Mo emphinsis Wi placed on theuglative “misgion :ﬁndum_ss ul‘
Cultimae - performing unil—the erewsas a peul el As a colleetion of
.jﬁa[ﬂ’iﬁl“l]"- they may have heen “technically qualified”;asawteanithey re=
w“éd;-'cmlicutl voweak —weak in an intemal, nhsolute sense. An ad hoe
poup ol individuals thrown together for this pardeular rotation never really
i ned o true sense of mutual responsibility and accountability for collettive
Auttcomes, 0 short, the mission crew had et yet developed into a “real

lq&g;mpuring them o other mission groups—in an external, relative senge—
{5 fallire tondevelop into. a strong tesm virtially Zuifanteed ANYACSTS
_ siibprdinate posi v weithin fhe lirger @R guprassystein, a pasitdop hatsizg
*lfieantly detiscied, from: their-ability. lo-ontrol QPC mission iraraft. AL
Eém‘]‘;lck organizations develop informal status hiurafchi '=I_‘E1p Air Ferce 1s
o exception. First, there are Wo typesiofipeople in the Atr Force: those that
wear wings and those that don't—pilots and afl fesser motials. Steond, e
fe o furtherodistingtion among pilpws, There are fighter pilots—those siealy
pyed warriors who fly. “last movers”i and then there are “hus drivers"—
esser beitigs who ditve slow-imoving cargo and tanker aiveraft, If' you aspire
lo the: highest position il the Air Force, if you want to be Chief of Staff,
wid better be o fighter pilot, If fighter pilots sit-al the top of the status
pyramid, you ean imagine where a nonrated (no wings-wearing) air traffic
ontroller sits: Given the structurally privileged positon of fighter pilots.
Gven a strong mission crew would have been steetehed fo intervene in 4
fighter inltercept based on sketchy information. Hence iv follows thapa weak
ierew=—something less than a “real leam ' —operating lrom a relatively tow
[Bosition. within the esiablished social hievarchy, would be: doulsiy ande
Soapped) Under such conditions. crew inaction becomes less mysterious.

Katzenbach and Smith (1993) differentiate between “redl teams” and other
levels of performing groups. They ulso suggest significant performance im-
Pliations assodiated with varions degrees of team effectiveness. See Figure
A1 for o Hagram of their “teany performance eurve” and some useful defini-
tions o hotional points along this theoretieal eontinuum.

On (he morning of 14 April, for o number of reasony that T address below,
“au AWACS missinnerew fell somewhere down Inthe penforminiice. bases
iment hegween working groupsand “potentind feems’” Though they consid-
e (hemselves o tenm, their combined effectiveness was actually worse
than what you would predict by simply aggregating individual capabilities,
Inthe language of Katzenbach and Smith (1993: 91), they were a pseitdo-
team—*"the weakest of all groups in terms of perfarmance impact. They
lmost always contribute less to company performance needs than working

actors
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Individual Factors: Summary

e Why were UH-60's misidentified by F-15's?
* Ambiguous stimulus
» Powerful set of expectations (no other friendly traffic could be there)
e Seeing what one wants to see”

* (Theory: when stimulus ambiguous, we interpret using our expectations
and desires. )
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Individual Factors: Detail 1

* No ,pilot error® in sense of negligence (Rasmussen, Perrow)
e Suggests to follow Reason to search for causes in context

* Deemphasises decision making (Allison, Janis, Vaughan) in favor of
inquiring after the construction of meaning (Weick)
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Individual Factors: Detail 2

* Ambiguous stimulus
* Looks at training, cites AAIB work
* Expectations
» (Cites AAIB work to determine what they were
» Expectations influence perception (Perrow, Bruner, especially Weick)
* Social interaction of TIGER lead + wingman
* Desires
* Constructed simply from AAIB and military knowledge
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Individual Factors: TIGER Social Interaction

 Social Interaction of TIGER lead + wingman
» Reality is in part socially constructed®

* Weick ,sensemaking”: interplay between expectations and understanding during
short radio calls

* Inverted hierarchy: little known

 TIGER2

e  mindless” (Langer),
* Slipping into obedient role (Zimbardo, Milgram classics)

* Bruner: expectations affect ,perceptual threshold®, the amount of time and input
needed

* High level of arousal invokes ,reflexive” (overlearned, overtrained, dominant)
response (Spence, Weick, English and English, Eysenck)

» Benefits and liabilities of habitual routines (Gersick and Hackman)
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Group Factors: Summary

e Why did AWACS not intervene?

 (Over)reliance on ,organisational shells* to form AWACS crews

* Abdication of responsibility, claimed diffuse and ambiguous, explained by
,social impact theory”

» Weak team in unfortunate sequence of events
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L
Group Factors: Detail

e Secretary Perry: multiple ,failures to act
* Snook: ,causal significance of nonevents®

* Hackman: team (not individuals or aircraft) at the
root of most accidents

* Qverreliance on organisationally defined positions, SOPs, interaction
rules =>adoption of ,a priori scripts®

 (Bettenhausen and Murnighan: ,deliberate groups® perform better than
Jmpetuous groups®)

e Katzenbach and Smith: ,real teams® perform better than others;
propose team performance curve
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Group Factors: Detail 2

e Unhealthy organisational soup™: operational history and command
climate in ,rapidly deteriorating supra-system"

* Organisational shells: Ginnet and Hackman studied aircrew
performance and ,organisational shells":
* Military and service culture
* TF OPC organisation
e Crew formation
 AWACS crew at work
* Provide predefined set of interactions

e Katzenbach and Smith: how ,working group® - ,real team*?
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Group Factors: Details 3

 AWACS leaders' tendency to rely on shells; inhibits their critical actions

* Kerr and Jermier: certain individual, task, organisational variables can
exert more influence over subordinates than their superior

* Spin-up training ineffective
* Hackman: training with a full crew is important
* Presence of ,shadow crew"

* Presence of ,experts® may have contributed to confused authority
relationships and diffused responsibility

* Plain bad luck:
e screen inoperative & operators moved; very testing circumstances
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Group Factors: Diffusion of Responsibility

e Considered major issue: gets 16 pages
e Latané & Darley: ,unresponsive bystander® experiments

» Latané: Social Impact Theory:

e Strength, immediacy and number of social forces affects intensity of social
impact

 Principle of divided impact: probability that you will help in an emergency if
alone is higher than if you think you are with others

e Brown reformulates:

* Social definition: see others not responding, redefines the situation
* Diffusion of responsibility: similar to divided impact
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Group Factors: Diffusion of Responsibility 2

e Authority relationships confused
* Partly due to OPC structure
 Pilots at center = conflicts of authority

» Powerful informal hierarchy at odds with demands of formal role
requirements necessary for reliable functioning of system

* Only AAIB cited for this part
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Organisational Factors: Summary

* Why was Eagle Flight not integrated into Task Force?

12 February 2004

Co-commander of Task Force was rated F-16 pilot, flew sweeps; was also
regular Eagle Flight passenger, but organisation complexity too great

Army and Air Force operations highly separated (history)

AWACS, F-15s and UH-60s had different orientations toward goals, time, and
interpersonal relationships

Mismatch between structure of tasking and structure of tasks

Plain bad luck

,For some 1,109 days, coordination by standardization, plan and mutual
adjustment adequately handled the challenge of integration. On 14 April
1994, these mechanisms failed"
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Organisational Factors: Details

» Lack of coordination between services
 Historical, recounted by Snook; also confirmed by Allard

* [ssues of differentation of tasks and integration into whole
* Theory of Lawrence and Lorsch

* Subunits can differ in
* QOrientation towards goals
e Qrientiation towards time
* |nterpersonal orientation

* There were ,integrative challenges”
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Organisational Factors: Details 2

* Interdependence: failures to coordinate
* Typology of Thompson

* Pooled interdependence: coordinate mechanism is standardisation
» Sequential interdependence: coordination mechanism is planning
* Reciprocal interdependence: coordinate mechanism is mutual adjustment

» (Coordination by standardisation failed

* |FF frequency use uncoordinated

e ATO and its relationship with Eagle Flight ops
* (Coordination by plan failed

* F-15s were unaware of the habitual operations of Eagle Flight

* Hackman: the ,stuff of work® of TIGER resp. Eagle Flight led each to ,lose sight of the
larger picture®
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Organisational Factors: Details 3

* Interdependence: failures to coordinate (cont'd)
* Coordination by mutual adjustment failed
e Different radios, and ,Min Comm* behavior
* All Snook, from AAIB
e Fallacy of Centrality

e Commander Pilkington was F-16 pilot, conducted sweeps, also flew on
Eagle Flight

* In his world, everything seemed to be coordinated
* F-16 squadrons knew about Eagle Flight

* Snook cites Westrum, also Weick
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Merieilts Syatain
Cross-Levels Account

* Theory of Practical Drift
* (General characteristics of organisational engineering
 Loose/tight coupling, and Rule-based/Task-based logics of action
* Introduced by Snook
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Cross- Levels Account: Theory of Practical Drift

Logics of Action

Rules __, Task

Loose

Situational
Coupling

Tight

Applied

Designed

[] stable

Fig. 6.1. Theoretical Matrix froma S<otf /A Snook, i
Frindly P, O Privceton U.b.20c0
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Part 4: Comparison of Snook with STAMP Analysis
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Friendly Fire: STAMP Analysis

» Uses (complex) Task Force organisational chart from Snook

» Analyses the absence or inappropriateness of implied F&C functions
(according to Leveson's schema)

* Finds lots of missing stuff

However....
* Doesn't appear to build a timeline (unclear whether one is required, or

what its status would be)
* Doesn't appear to need a ,causal map*
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Friendly Fire: STAMP Analysis

* Does not explain why the control functions were missing

* Fails to identify certain IGO phenomena such as this example

* Different subsystems whose procedures or worldviews are in tension work
out ways of coping at their mutual boundaries (Snook; application of
Thompson's reciprocal interdependence)

 Coping® with mutually inconsistent procedures means that someone's rules
will be violated

e Coping“ with incomplete procedures means that existing procedures do not
cover the case

* Snook's Practical Drift tries to identify and explain these phenomena
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Crude Comparison of Snook and STAMP on FF

12 February 2004

Snook's description is richer, thereby more compelling

Snook has a theory of how things developed, based on known/socially-
theorised IGO phenomena

However, there is no check whether his theory accounts for all factors, or
whether it applies more generally

* |ts plausibility is intuitive and sui generis

STAMP works on a ,checklist’; it is claimed to be general; application to
this example is helped by an intuitive reading of military hierarchy as
control structure
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Part 5: WBA from AAIB Report Executive Summary
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WBA of Friendly Fire from AAIB Report Summary

* We started from USAF AAIB report Executive Summary

o List of Facts® different from those of Snook (who does not say how he
derived his)

e (Causal Map includes 7 double edges (mutual causal influence): but
loops are impossible with counterfactual semantics (which Snook claims
to use)!

e There are other causal links in the Causal Map which do not pass the
Counterfactual Test (so must be mistakes)

* Snook's representation of Causal Map is visually obscure
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Snook's Causal Map again
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WBG from AAIB Report Summary

B L L B d ol e

w
i T
T B e e A B b e
] - Tull
¥ i
1 1
T 1 Vi enn AT 2 ENL i AL

2 iR ron

o
4

|

|

LY

,

-ll'ﬂﬂ- %
el 5
T S . . — . 5,
e (L T oy R E O
o ki
— —— T
[ETSSEET ) e ———
N ¥ -
i ! .
NRECT L Tl = s i s
At i PR B~
P .
LIS e s i e e

HE Naghs PPl |
Gk daplead o W

2 A e e o b

— ¥ -
. TEwT: T W el ERLA N ATD e
E—— = f
" = | S
- - . T ARt
o 3 O ol o e b o P ———
". Mgkl TOF

o el VT kel by
o
-,

P

= a 13 :
— P

12 February 2004 53



University of Bielefeld Rechnernetz!e und
Faculty of Technology Verteilte Systeme

Part 6: WB-Graph Manipulations
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How We Derived Lists of Facts from Snook
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az

.
wiy, (here is & 1ot of notiing going on here—a lot of nothing that neey,
: b §
explaiuing,

A Weak Team: Overmatched

A focus on AWACS Inaction suggests & group level analysis. After all, “; i,
the team, not the alrerafl or the indlvidunl pilots, that is at the oot of mog
accidents and incidents™ (Hackman, 19931 49). Shifting attention away [
mdividual pilots to the AWACS crew requires adopting an entirely diffevey;
analytical perspective—one based on the ventral premise thal gioups are
important; dod should, (erefore, be wken seriously (Leavitt, 1975) This
chapter takes groups seriously, By tracing the path of our AWACS orpw
from its formation to its fateful Hight, we'll apply what we know aboy
groups in.complex organizations to help us address the question: Why didu’y
{he AWACS crew intervens?

The shorl answer is that the AWACS crew of record flying on 14 Aprl
was weak dnd underdeveloped. It was weak in bhoth an Internal, absolute
sense and nlso in an external, relatve sense, In an' absolute sense, our
AWACS mission erew never grew strong enougly as a troe team (o perfim
beyond a minimum level of proficiency. As long as mission demands re-
mained relatively simple and routine, even our young® crew would have
performed just fine, Unfortundtely, this crew was no mateh for the unusunlly
demanding set of circumstances they laced on their very first fight togesher
inscountry, A weal crewy failed 1o accurately wack Eaele Flight hellcopters
wnel tumed ont to/be o mateh for questioning a rapidly developing combe
etgagement by dwa fighter pilofs.

Ullimately, the AWACS crew’s ineffeetive monitaring of Eagle Flight and
failure to intervene can be waced back to a fundamental lesdarship failuee: In
short, our AWACS crew experienced a very poor Taunch, Key leaders falled
at the critical sk of crew formation, An uvm‘reiianw:nn-‘mfganizﬂmmwliﬁr
defined positions, standard operating procedures, and interaction rules led to
thetinquestioned-adoptionof & priori satpts o8 Shallow functiondl substilufes
tormare deeply shared norms.” This is tot all that surprising. given the Air
Foree’s historical emphasis on individual (raining and gualification, Al
Faree petsonnel systems are primarily designed w selecl, train, and qualify

I s sense, | use the wonl “young™ to refet to the enllective nge or “mission experiende
age” of the: crew. Individual crew members muy huve been guite experenced; however, as 0
teluny our AWACS crew was siill voung iy the sense that they had not shared any significant
work experiences mgatlier Yot 18 o feany,

" Betieahavsen und Murnigha (19853 also found tha “deliberate groups.” whose members
invosted time up front (o negotinte dud fine-wine expected norms, performed better when subse-
guent difficulties emerged than did “impeiuovs groups," wha proceeded quickly and confidently.
assuming similar o priogi seripts

lesser beings who diive slow-moving cargo and tanker ain

e
,mujviduﬂ'l ciew niembers, not imacr teams. For Cxﬂmpl‘ﬂ‘ after the shoot-
;i@"}r" 4 great deal of time wus spent (rying to determine if the Mission Crew

mipnder was technically "mission ready™ in 1:\101."1"1'{]:1.11 s with, Ajr F:‘wce‘
Regulations. Mo emphinsis Wi placed on theuglative “misgion :‘endum_ss ul‘
m..u'hi_mmc performing nil—the erewsas apeul eami As 4 collection of
_mmdu.— 5, they may have heen “echnically qualified” sasauteanithey re=
meined’ eolleetivily weak—weal in an intemal, nhsolute sense. An ad hac
up of individuals thrown together for this pardeular rotation never really
. o trug sense of mutual responsibility and accountability for collettive
wcomes, [ short, the mission crew had hot yet developed into a “real

lq%dm_puring them o other mission groups—in an external, relative senge—
‘his fathie tondevelop into.a strong téan virtually guaranieed AWAESS
welinate position within fhe kirger ORE guprassysten, a posidopihansiog
eantly detigeted from. their-ability o coptrol GPC mission sireraft. All
complex organizdtions develop. informal staws hieraschies, The Air Force is
it exeeption. First, there are two Lypesiolipeoplein the Air Force: those that
wear wings and those that don't—pilots and afl fesser motials. Steond, e
i furtherdistinetion among pilpes, There are fighter pilots—those siealy
,h;yud warriars who (ly. “fast movers”; and then there are “bus driveis"—
alt, I you aspire
o the: highest position in the Air Force, if you want to be Chief of Staff,

'-»';fml-‘cl better be a fighter pilot. If fighter pilots sit al the top of the status

pyramid, you ean imagine where a nonrated (no wings-wearing) air traffic
ontroller sits: Given the structurally privileged positon of fighter pilots.
aven a strong mission crew would have been stretched to intervene in 4
fighter inltercept based on sketchy information. Hence iv follows thapa weak
ierew=—something less than a “real leam ' —operating lrom a relatively tow
[Bosition. within the esiablished social hievarchy, would be: doulsiy ande
Soapped) Under such conditions. crew inaction becomes less mysterious.

Katzenbach and Smith (1993) differentiate between “redl teams” and other
levels of performing groups. They ulso suggest significant performance im-
Pliations assodiated with varions degrees of team effectiveness. See Figure
A1 for a dlagram of their “teany performance eurve” and some useful defini-
tions o hotional points along this theoretieal eontinuum.

On (he morning of 14 April, for o number of reasony that T address below,
“au AWACS missinnerew fell somewhere down Inthe penforminiice. bases
iment hegween working groupsand “potentind feems’” Though they consid-
e (hemselves o tenm, their combined effectiveness was actually worse
than what you would predict by simply aggregating individual capabilities,
Inthe language of Katzenbach and Smith (1993: 91), they were a pseitdo-
team—*"the weakest of all groups in terms of perfarmance impact. They
lmost always contribute less to company performance needs than working

G3

C%

55

N

o

95



University of Bielefeld R v | S
Rechnernetze und
Faculty of Technology Vertoilte Systeme

e About 40pp per factor set
* We made mini-graphs from separate underlined ,causes"
* We needed to compose the graphs

* Many nodes were equivalent (could be considered alternative ways of
saying the same thing), and some equivalent nodes appeared in many
mini-graphs
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Formal Operations on Graphs

* We needed a fuse-nodes operation

* |nthe following, we omit the detailed semantic argumentation from
possible worlds needed to justify the operations we propose

* We needed a compose-graphs operation

* This should be formal, as simple and general as possible, but yet yield the
smallest WBG containing given WBGs Aand B

* We can denote the result of this operation as the Counterfactual Closure of
G1and G2, CICI(G1,G2)
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Fusing Nodes 1
X X
A&B = A&B
A B A B

When A and B are both NCFs of X, then so is A&B
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Fusing Nodes 2
X X
A&B OR A&B
A B A B

If only one of A or B is an NCF of X, then A&B can be an NCF of X or not
Both situations are possible
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Fusing Nodes 3
X
A&B Impossible!

It is however not possible for A&B to be an NCF of X
without either A or B (or both) being an NCF of X

12 February 2004
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Fusing Nodes 4
A&B A&B
VAR
A 5 A B
X X

Any NCF of A is an NCF of A&B
Any NCF of B is an NCF of A&B
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Fusing Nodes 5

A&B

A

A node may be an NCF of A&B
even though it is neither an NCF of A nor of B

A
/ Possible!

B
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Fusing Nodes 6

* Insome cases, WBG edges can be automatically connected to/from
A&B

* There is no obvious algorithm for CfCI(A,B) which avoids use of the
Counterfactual Test on certain nodes of the composition, but one can
maybe minimise its application

e However, when fusing equivalent nodes ( A < B ), the rules become
simple:

* All original out-edges are out-edges of the fused node
* All original in-edges are in-edges of the fused node
» Watch for inconsistencies ( X an NCF of A in one version only!)
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WBG Manipulations

* The Group Factors graph-build was the first we attempted
* 84 facts from Snook (in final version)
* 1 fact we added ourselves
* 9 mini-graphs with 10, 11, 7,5, 5, 9, 5, 5 and 27 nodes
* Fusion applied to identical nodes, also to some separate nodes

» Current state: 3 graphs with 10, 9, 55 nodes, the latter after many fusion &
composition operations

e Fact numbers from List of Facts are essential
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Notation for WBG Manipulations

e QGraphs G1and G2 may be disjointly composed by adding a ,place-
holder” top node and including G171 and G2 beneath, eliminating any

place-holder top nodes in G1and G2
* We denote the disjointly-composed graph by G1 + G2

* Then it must be considered through the Counterfactual Test whether
any edges should be added between nodes of G1 and G2 and vice

versa
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Top 1

Top 2

Top Both

WBG A

WBGB

WBG A

WBG B

12 February 2004
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From Disjoint Composition to Counterfactual Closure

* One may fuse identical nodes using the rules given earlier

e Say two nodes x and y have an edge between them in G1, but the
identical nodes do not have an edge between them in G2

* This contradiction must be resolved manually through use of the
Counterfactual Test

* One must also consider applying the Counterfactual Test between
nodes of G1and of G2, and vice versa

* We can denote the result of these operations as the Counterfactual
Closure of G1and G2, CfCI(G1,G2)
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Notation for Fusing Nodes

* U(x,y)to indicate that nodes x, y have been fused, with the appropriate
mandatory edge operations
* |f x occurs in both graphs, we denote the fused node as
U(G1.x, G2.x)
* Nodes x and y may have different labels. In this case we say U(x,y)

* Node (14: Downsizing) in G8 and node (26: Downsizing) in G9 are arguably
identical. They become U(14,26) in the composed graph of G8 and G9

 (16: Shrinking defence budgets) and (24: Shrinking defence budgets)
become U(16,24)

e (17: Increased OPNL deployments) and (23: Increased OPNL deployments)
become U(17, 23)

* One may fuse non-identical nodes
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Resolving Edges

e Afusednode U(x,y) must be checked for additional in- and out-edges
In certain cases

e An added edge from x to zis indicated + [x 2]
e Adeleted edge is indicated — [x =]
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Example of Graph Composition

* One hopes that node fusion is a commutative operation, so one may
denote it also by +

e (89 = CiCI(G8,G9)
= (G8 + G9) + U(14,26) + U(16,24) + U(17,23) + [22 > 12]
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G8

Ll Major budget cut mversals

12 MNegative influence
on personnel and equipment

)

\

L5 High OPTEMPO L4 Downsizing

[

N\

L7 Increasing OPML deployments

L6 Shrinking defence
budgets

[

\

13 Gulf War

20 Opetations other than i 1
war 19 Changing world order

L8 Cries for "peace

dividends”

]

21 Fall of the Soviet
LUnion

12 February 2004
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Example (cont'd): G9

g9

T

22 Poor momle CTHLD clinmie

in AW ACS unil
3¢ 17) Incremeead OFTIL 24161 5hrinking defame = reI = i o5 : I8 Delayed fiaking of
deploicti b g=t 25 Aging aifiames 2414 Downsizing 27 Defetted mminte mance PR S,
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Example (cont'd): G8-9 = CfCI(G8,G9)

3 12 Megtive inflo=ne=
111 b s | on peizonne | and eqoipment |

21 Poot motale CMD climate ‘

15 High OFTEMPO in AWACS unit

Wil

T2 i | B 5
17,23 Incieazing OFML 37 Dk tied tuminte hahoe | 28 Del:_v:dfue ding of A5 A i 14, 26 Dowhsizing
deployin=nz e mquipime hi
13 Gulf Wat | | 20 Opaiticns cthet than | | 19 Changing wotld cide1 | | 16, 24 Shiinking defance ‘
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Checking Correctness of Composed Graphs

* When a composed graph F(G1, G2) has been created from graphs G1
and G2, one can project F(G1,G2) on to the node subset Nodes(G1)
and check that the result is equal to G1

e Proj(F(G1,G2),G1) = G1
e Similarly for G2
e Proj(F(G1,G2),G2) = G2

e Currently, we do this in ciedit by hand
* |t could — will - be automated
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Example (cont'd): Checking

* Proj(G8-9,Nodes(G8)) = G8
* Proj(G8-9,Nodes(G9)) = G9

e Yes, in this case
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Part 7: Including Sociological and Other Theories in WBA
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Hempelian Deductive-Nomological Interpretation

* A scientific theory T is a collection of axioms

* A phenomenon A is explained by Theory T under the observations X,Y,
according to the deductive-nomological interpretation of Hempel, if and
only if

* Aisalogical consequence of T,X,Y
* |fAisalogical consequence of T,X,Y, and this is the only explanation
offered, then we can argue that
 Tistrue,and X, Y are true, and A is true
e Were T not to be true, then A would not have been true
* Were X and Y not to have been true, A would not have been true
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Deductive-Nomological Explanation (cont'd)

* Remember that the Counterfactual Test is satisfied by logical
consequence (that is, its converse!)

e Suppose it is the case that
 Tistrue,and X, Y are true, and A is true
e Were T not to be true, then A would not have been true
 Were X and Y not to have been true, A would not have been true

e Then T satisfies the semantic condition to be an NCF of A
e XandY satisfy the semantic condition to be an NCF of A

* We can represent a theory and its premises used as an explanation as
follows
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Deductive-Nomological Explanations in a WBG
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Some Caveats on D-N Interpretation

* Social explanations are often overloaded

* Many people have theories that explain certain phenomena, and they may
Use common premises

e Snook cites multiple social-explanatory sources for a phenomenon

* [nthis case, the strict D-N counterfactual is not fulfilled, for the usual
reasons of overloading that cause problems for the Counterfactual Test

* The theories are being proffered as explanations

* Maybe the arrows in such a graph are better interpreted as causal-
explanatory factors and not strictly as NCFs

* Maybe we should call the result a Causal-Explanatory Graph, CEG
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Causal-Explanatory Graphs

» (Causal explanations are arguably transitive, which the NCF relation is
not

* Thatis, if Ais a causal explanation of B, and B is a causal explanation of
C, then it follows that A is a causal explanation of C

e Whereas if X is an NCF of Y, and Y an NCF of Z, it does not follow that X
is an NCF of Z (although it may be)

* |f so, maybe one should take a CEG to be the transitive closure of a
WBG, or of a WBG-with-D-N-explanations

* (We have not taken the transitive closure of the WBG-with-D-Ns that we
generated in the reproduction of Snook's analysis)
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Part 8: Conclusions
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Conclusions

e Method brings you much
* Checking your work is very important
* Devising ways to check your work is very important

» Social-factor theories can find their place in WBA using Hempelian
deductive-nomological interpretation

» (Causal-explanatory graphs (CEGs) may be more useful for social-
scientific factors than pure WBGs

* Interpreting social factors does require one to impose a theory a priofi
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Conclusions (cont'd)

* Detailed work reproducing social explanations as CEGs is complex
* Many nodes
* Many connections to consider
* Few algorithms, although those that exist help a lot
* (Semi-)automated tools would be a very great help

12 February 2004 84



University of Bielefeld R v | S
Rechnernetze und
Faculty of Technology Vertoilte Systeme

12 February 2004

Resource Information

We completed first version of group-factor causal-explanatory graph
(CEG) in some 30-40 person-hours

Organisational-factor CEG equivalent work, but expect 20ph
Individual-factor CEG took 20+ ph
Technical-factor CEG is trivial (couple of minutes)
Fusing is non-trivial
 But the theory is there; only the tools are lacking

Factoring the complete CEG into components likely to be non-trivial
undertaking

 Factoring theory urgently needed!
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Anticipated (Mature) Effort

* Meetings
e 4 x 1.5 hours per social-factor set

* Four factor sets: Technical + 3 social (Snook + also SOL)
* |ndividual
e Group
* Qrganisational

Each factor set ~40pp of filtered, argued evidence
Derived ~100 facts per List of Facts per factor set
~10-15% ,summary* facts introduced, rest directly from Snook
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Thanks for listening!
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