TRANSPORTATION HUMAN FACTORS
Aerospace, Aviation, Maritime, Rail, and Road

SYSTEMS THINKING
IN PRACTICE

Applications of the Event Analysis
of Systemic Teamwork Method

i ™

NETWORK

SOCIAL
NETWORK

Neville A Stanton ¢ Paul M Salmon
Guy H Walker



Systems Thinking

in Practice

Applications of the Event Analysis
of Systemic Teamwork Method



Transportation Human Factors: Aerospace,
Aviation, Maritime, Rail, and Road Series

Series Editor

Professor Neville A Stanton
University of Southampton, UK

Automobile Automation
Distributed Cognition on the Road
Victoria A. Banks, Neville A. Stanton

Eco-Driving
From Strategies to Interfaces
Rich C. Mcllroy, Neville A. Stanton

Systems Thinking in Practice
Applications of the Event Analysis of Systemic Teamwork Method
Neville A. Stanton, Paul M. Salmon, Guy H. Walker

For more information about this series, please visit: https://www.crcpress.com/
Transportation-Human-Factors/book-series/ CRCTRNHUMFACAER


https://www.crcpress.com/­Transportation-Human-Factors/book-series/CRCTRNHUMFACAER
https://www.crcpress.com/­Transportation-Human-Factors/book-series/CRCTRNHUMFACAER

Systems Thinking

in Practice

Applications of the Event Analysis
of Systemic Teamwork Method

Neville A. Stanton
Paul M. Salmon
Guy H. Walker

CRC Press
Taylor &Francis Group
Boca Raton London New York

CRC Press is an imprint of the
Taylor & Francis Group, an informa business




CRC Press

Taylor & Francis Group

6000 Broken Sound Parkway NW, Suite 300
Boca Raton, FL 33487-2742

© 2019 by Taylor & Francis Group, LLC
CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original U.S. Government works
Printed on acid-free paper

International Standard Book Number-13: 978-1-138-09787-2 (Hardback)
International Standard Book Number-13: 978-1-315-10468-3 (eBook)

This book contains information obtained from authentic and highly regarded sources. Reasonable efforts have
been made to publish reliable data and information, but the author and publisher cannot assume responsibility
for the validity of all materials or the consequences of their use. The authors and publishers have attempted to
trace the copyright holders of all material reproduced in this publication and apologize to copyright holders if
permission to publish in this form has not been obtained. If any copyright material has not been acknowledged
please write and let us know so we may rectify in any future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, transmit-
ted, or utilized in any form by any electronic, mechanical, or other means, now known or hereafter invented,
including photocopying, microfilming, and recording, or in any information storage or retrieval system, with-
out written permission from the publishers.

For permission to photocopy or use material electronically from this work, please access www.copyright.com
(http://www.copyright.com/) or contact the Copyright Clearance Center, Inc. (CCC), 222 Rosewood Drive,
Danvers, MA 01923, 978-750-8400. CCC is a not-for-profit organization that provides licenses and registration
for a variety of users. For organizations that have been granted a photocopy license by the CCC, a separate
system of payment has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used
only for identification and explanation without intent to infringe.

Library of Congress Cataloging-in-Publication Data

Names: Stanton, Neville A. (Neville Anthony), 1960- author. | Salmon, Paul
M., author. | Walker, Guy, author.

Title: Systems thinking in practice : applications of the Event Analysis of
Systemic Teamwork method / Neville A. Stanton, Paul Salmon, and Guy Walker.
Description: First edition. | Boca Raton, FL : CRC Press/Taylor & Francis
Group, 2018. | Series: Transportation human factors: Aerospace, aviation,
maritime, rail, and road series | Includes bibliographical references and

index.

Identifiers: LCCN 20180265931 ISBN 9781138097872 (hardback : alk. paper) |
ISBN 9781315104683 (ebook)

Subjects: LCSH: Systems engineering. | Teams in the workplace.
Classification: LCC TA168 .S68 2018 | DDC 658.4/022011--dc23

LC record available at https://lccn.loc.gov/2018026593

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com


http://www.copyright.com
http://www.copyright.com/
https://lccn.loc.gov/2018026593

Contents

PrEfaCE. ... e e et X1ii
AULNOTS ...t e e e e e e e e e e e eaaa e e e e e eeaaereeeeenaes Xvii
Board Members and AffilIAtiONS .......ccovveeiiiiiiiiiieeieeeeee e XiX

SECTION I Overview of EAST

Chapter 1 The Event Analysis of Systemic Teamwork (EAST) Method.............. 3
With Nicholas J. Stevens

Background and Applications .........cceevveerieriiienieerieeniie e 4
Domain of APPlICAtION.....cc.eevuiiiiiieriiieiierie ettt 5
Application in Land Use Planning and Urban Design (LUP & UD)..... 5
Procedure and AdVICE .......c..cocueruiriiniiiinieniineeeneeiesteieeee e 5
Step 1: Define AnalysisS ATMS....ccceeviierienieeriienienieeseeereesee e 5
Step 2: Define the Task/System Under AnalysiS........ccceecveevuvennenne 6
Step 3: Data ColleCtioN ......ccveeriieriieniieiieriie ettt 6
Step 4: Transcribe Data ........coocveeeveeiiiiniieniiiieeee e 6
Step 5: Construct Task NetWork .........cooveviieriieniiiiiienieeieenieeieene 6
Step 6: Conduct Social Network Analysis.......ccccceevveerveriiienvennieenne 8
Step 7: Construct Information Networks.........ccoceevvevieniiienieniennne 8
Step 8: Construct Composite NetWorks.........cceevverrivenverciieneeniennne 8
Step 9: Analyse NetWOrks .....c.c.eeveeriieniienieiiienie e 8
AQVANTAZES .vveevvieiieeieeeite ettt ettt e ste et e siaeebeesbeesbeesaeesabeenaeesnres 9
DiSadVantages........ceecveerieeiiieniieeieeite ettt 10
Related Methods.........coeeiiriiiiniiiiiieciicecceeesccee e 10
Approximate Training and Application Times ........cccccceeceevuereenncnne. 10
Reliability and Validity ........ccceevieriiiiiienieniieieeeceieeeee e 10
FIOWCRATT ..ottt 10
TOOIS NE@ded.......coueiiiiieiiiieiieiec et 11
EXAMPIE...eiiiiiiiieiecee e 11
REfEIENCES ...ttt 15

SECTION Il  Applications of EAST

Chapter 2 EAST in Air Traffic CONtrol .........cccoevieeiiienieeiienie e 19
With Chris Baber, Linda Wells, Huw Gibson and Daniel P. Jenkins

INtrOAUCTION ..eeiiciiiiiiec e e 19

Command and Control .........ccccuveeiieioiveeeeeeeiee e 19



vi

Chapter 3

Contents
Distributed CONItION .......cc.ccouiiiiiiirieiiiieieeieeeeeie e 19
Distributed Situation AWAareness ..........cceveevveereerrieeneeriveeneenseeenns 20
Beyond Ethnography ..........ccoceeviiiiiiiiiniiiieiceceeceeceeeee 21
The Air Traffic Control Work Setting.........ccccceeeeerverereniencrenennenn 23
Charts and Standard ROULES .........cceeevueiviiiriiiniiniiiieeiceeeee 23
Flight Data SIrip ......cccoveviniiiiiiieiceeeeeeeeee e 23
Flight Data Strip Bay........cccccoceiiiiiiiiiiiicceecceeee 23
Radar Display .....c..cccooieiiniiiiiiiececeeeeee e 23
Aircraft Call SIZNS ....c.oevviriririnicreccceeee e 24
COMMUNICALIONS .....uveeeieriiieiie ettt ettt e 24
Distributed Cognition Methodology: The Importance of Methods....... 24
Descriptive vs. Formative Methods...........cocceeviirniinieniiinieneene 24
Method INtegration ...........c..cccevievienieiiinieiieiieeeeee e 25
Air Traffic Control SCENArios. ........cevuerueerueriesieeieieeeieee e 25
Applying the Method............cccooiiiiiiiiiiiiee 26
Representing Distributed Cognition.............cccoecuevieciineenicneennenne. 26
Task NEtWOTKS ...c.vveiiiiiieiiieieettet et 26
S0Cial NEtWOTKS. ..ceouveiiiiniiieiieiieeeeeeeee e 27
Propositional Networks ........c.ccocceveiiiiiiiiiiniiiieeeeeceeeeee 28
Application to Air Traffic Control ...........cccecevvivviriininieniniencncncnnenn 28
Analysis of Agents in the Distributed Cognition System.............. 28
Facilitating Technology ...........ccccoceiiiiiiiiiiniiceeccece 31
Control ATChiteCIUTE......ovuvieviiiiiiiieeiceeereeeee e 31
Systemic Situational AWareness...........ccoeeverueeeeniecieneereeeeeeene 33
Temporal Aspects of Command and Control in Air Traffic
CONLTOL ...ttt ettt s 35
CONCIUSIONS .ttt ettt 35
Acknowledgements ........c..coceeruieiiiiiiiinieeeee e 36
REfEIENCES ..ot 36
EAST in Military Command and Control ............ccceeceeverveenereennnnne. 39
With Rebecca Stewart, Daniel P. Jenkins, Linda Wells and
Chris Baber
TNErOAUCTION ...t 39
Description of Command and Control Scenarios ...........c.cccccevevueunee. 39
Army Land Warfare and the Combat Estimate.............cccoceeuenee. 39
Data ColleCtion.......ccoiriririiiirieicieeceeetcee e 40
Description of the East Method...........c.ccocieiiiniiininininincncce 41
The Importance of Methods..........ccoeeieiiiiiniiiiniececee 41
Descriptive vs. Formative Methods..........ccccovveiinieniniencncence. 41
Method INte@ration ...........ccceeveererienieeieniieienieieeeee e 42
Situational AWATENESS .......cc.ceveveeiieieieieieeeeeere et 42
Theoretical Basis .......c.ccceviriririniinieieieieieeceeeeeec e 44

FINAINGS ¢ttt 44



Contents

Chapter 4

Chapter 5

Coordination Demand Analysis (CDA).......ccccoevevierienieniieiene
Communications Usage Diagram (CUD).......ccccccecevenininencnnenn
Advantages and Disadvantages of Existing
Communications Media..........ceevveeiieniieeiieenee e ecieesve e
Social Network Analysis (SNA) ....ccovieiieierieieeee e
ACHIVILY SEEIEOLYPES ...cenvivieniieiieieeienieeteeie et
Facilitation of Network LinKs..........cccccovvieviiniieiieniieieeeeeeenne,
Calculation of Social Network Metrics ........ccccceveevveerveerueennnenn
Operation Sequence Diagrams (OSD).......c.ccccecvvveririnicnicnenennenn
Propositional Networks (PN) ......cccooieiiiieiiiieeeieeeee e
CONCIUSIONS ...ovevieiieeiieciie ettt ettt et e e et e e e e beeeaaeenbeessseenseenes
ACKNOWIEAZEMENLS .....eevuviriiiiiiiieiieiie ettt
REFEIENCES ..nevieiieeiii ettt s

EAST in Energy Distribution Operations ............cccceeeveveeeeneeeeneene.
With Daniel P. Jenkins, Chris Baber and Richard McMaster

INErOAUCHION ...
Example Case Study: A Human Factors Analysis of Civilian
Command and COontrol ...........ccccevoeeririenirienieeneeeseee e

Scenario 1: Switching Operations Scenario (Barking).............
Scenario 2: Maintenance Scenario (Tottenham) .....................

Additional EAST ANAlYSes ....cccueveeriirienienieniieienieeiesieeeeceee e
SUIMIMATY + vttt sttt ettt et se et sbeeeesaeeaeseean
RELEIENCES ..o

EAST in a Submarine Control ROOm...........ccccocvvveiiiiiiiiiiieieiinieeeen.

Analysing Distributed COZNItioN ..........ccoceevevierieriieeniienieeiiesieeieens
System Properties of EAST.......c.coooiiiiiiiiiiiiieie e
Data Collection and ANalySiS.......ccccuerrveerieriiienieniieeniieeieeieeseeesieenes
Task Network ANalysSiS.......ccceecveerieriienienieeiienieeiee e
Social Network Analysis (SNA).....ccevieriiirieeiieie e
Information Network AnalysSiS........ccceveerieriiienieniiieniienieeieenieeieene
Combining Network Models .........ccccoovieriiniiinieniieieeiceeeseeeee

Task and Social NetWorks .......cocceverieninienenieiiniciceeenceeeee

vii



viii

Chapter 6

Contents
Information and Social NetWorks ..........cccocerievenienenieneeiene 99
Information and Task NetwWorks ..........cccccevvevierienenienenieeeee 100
Combined Task, Social and Information Networks .................... 100
Summary and Conclusions...........cccoeeveererieriniieneeieneeieseeeeeeeees 100
Acknowledgements ...........ccccuerieriiiieniiiieiieeeeee e 106
RELEIENCES ...veveeiiee et 106
EAST in Railway Maintenance...........ccceeeeveneeeieneenencenieneeneeenen 109
With Huw Gibson and Chris Baber
INErOAUCTION ... 109
Development of the East Methodology ..........ccccccevieneniencneencnne. 110
Layer 1 — Data Collection Methods...........cccceverieneneencneencnnne. 111
Layer 2 — Analysis Methods........c..coceiieviniiiinieninenceeeee, 112
Hierarchical Task Analysis (HTA) ....cccoceevenieniniinenicicnnes 112
Coordination Demand Analysis (CDA)......c.ccoocereenenienennens 114
Communications Usage Diagram (CUD)......c...ccceveviencnnnes 115
Social Network Analysis (SNA) ..cc.cooveverieninienieeeeeeene 115
Layer 3 — Representational Methods.........cccecevieviniencnencnnee. 115
Operation Sequence Diagram (OSD) ........ccocceveriincniencnnns 116
Propositional Network (PN) ......ccccooiiviniiiiniiienceeee, 116
Summary of Methods........ccccevieriiiiniiieniieeeeeeeee 117
Structure of EAST Methodology ........cocevevienieeieniiienieeieene 118
Procedure .........ooooiiiiniiieeee e 119
Application of the Method to Live Data...........cccceveeveneencnienennes 119
Background...........oooiiieiiiiiii e 119
Scenario 1 — Planned Maintenance Activities............cc.c....... 121
Scenario 2 — Emergency Engineering Work ...........c.ccceeee. 122
Scenario 3 — Ending a Track Possession ..........ccccccceeeeeennenne. 122
Results and DiSCUSSION ......cc.evuveriirieriieieniieiesceee e 122
Analysis Methods .........cceeieiiiiiiiiiinieececee e 122
Task NEtWOTKS ......ooueeriiriiiiiieiieieieee e 122
CDA s 124
CUD et 125
SNA e 126
Representational Methods ..........ccceeieririiiniininiineiieeniecee 127
Scenario Process Charts (OSD)........ccooeeeviieeiiiieiiieeeieeeee 127
Propositional Networks (PN).......cccoeevenieiiniininencieeee, 127
SUMMATY ..ottt ettt 129
CONCIUSIONS ..ttt sttt st s sieens 129
Further InSights .........cocoviiiiiiiiieeecee e, 129
WiET CONLEXL. ...eevieniiiieieiiienieeiierte ettt 131
ACKNOWIEAZEMENLS ...ttt 131

RETEIENCES .. 131



Contents

Chapter 7

Chapter 8

EAST at Road INtersections .........c..coueevereeieeeieeeieineneeeneneeeenes 135
With Michael G. Lenné and J. Ashleigh Filtness

Statement of REIEVANCE ........cc.oeeiiuiiieiiiieciee e 135
INErOAUCTION ... 135
EAST Intersection Case Study .........coceevevvervenrerieieciecneneneneene 136
MethodOIOZY ....cc.ooviriiiiiiiiieece e 138
DESIZN ..t 138
PartiCIPants .......cc.coueieieiririnereeeeeene et 138
MaterialS.......ooeiieiiiiiei e 138
Procedure.........ooocviiiiiieee e 139
RESUILS ..o e 141
Task NEtWOIKS .......coeiiiiiiiiieeceecieee et 141
S0CIAL NEIWOIKS.....ovvieiieeeeeeieeeeeee e 144
Situation Awareness NetWOrKS .......c...coevvereeveeeeiieeeiieeeeireeeeeeenn 147
DiISCUSSION. ...ttt e 151
Reducing COmPIEXity ......ccceeeerereinenienienienieieiereeeeeeee e 151
Performance Limitations ............cccveeeeeeeiiieeeeeieeeeeeeeeeeeeeenee e 152
System Redesign.........coeveririinienieniinieieieieieeeeeeee e 153
CONCIUSION ... e e e ean 154
RELEICNCES ..o 154
EAST in Elite Women’s Cycling Teams ...........cccceeceevereencneenennne. 157
With Clare Dallat and Amanda Clacy
INErOAUCTION ... e e 157
Elite Women’s CYCING ..c..cooveruirieniiiieniieieniceeceeeeee e 158
Event Analysis of Systemic Teamwork ............cccceeereeneneencnnee. 159
EAST Analysis of Elite Women’s Cycling.........cccceeeeevereencnnee. 159
METNOAS ... e e 159
PartiCIPants .....cc.ooeeriiriieiieieiceeeeeeee e 159
MaALETIALS ... e e 160
ProCedure.......oooiiiiieiie e 160
RESUILS ..ottt 161
TasK NEtWOTK ......vviieeiiiiieiie et e 161
S0CIAl NEtWOTK ...oooviiiiiiiiieiiieeiee e 162
Situation Awareness NetWork..........ccccceeviieviiiiiiiiieeeiieceiiee e, 162
CONCIUSION ...ttt e et e e et e e e eaaeean 163
What Does the Analysis Tell Us About DSA and Teamwork
in Elite Women’s Cycling Teams?.........ccccocceverienenieneneenennns 163
What Are the Implications for Optimising Performance in
Elite Women’s Cycling Teams? .........cccceeverienenieneneeneeiencenne. 165
What Are the Implications for Future EAST Applications in
ELIte SPOTT? ..ottt 166

RETEIEINCES ... 166



Chapter 9

Chapter 10

Contents

EAST in Automated Driving SyStems ........ccccceceeveeircirenencrcnnennen 169
With Victoria A. Banks
INErOAUCTION ... 169
Levels of Automation and the Role of the Driver....................... 169
MENOM .. 171
RESUILS ..o 173
Task NEtWOIKS .......oveiiieiiiiieeceecieee e e 173
Social NetWOTKS.........vvviiiiiiiiiiee e 175
Information NetWorks .........ccceeeeiiiiiiiiieeeece e 179
DISCUSSION. ...t e e enees 181
CONCIUSIONS ...ttt e e et e e e e e eaeeeeneeean 182
Acknowledgements ..........c.coeeeeriiiiiiiieieeee e 183
REFEICIICES .o 183
EAST in Future Road Transportation Systems.........c..ccceveeveneenee. 187

With Victoria A. Banks, Gary Burnett and Setia Hermawati

INErOAUCTION ... et e 187
MEtROA ... 188
RESUILS ..ot 190
Identification of System AZEnts.........ccccevuereerereenenienenienieneens 190
Task NEtWOTKS .....ooiieiiiiiiiiie et et 190
S0CIAl NEtWOTKS....ccuvviiiiiieieiiieeiiee e 193
Information Networks ..........cccoooviiiiiiiiiiiiicecc e 196
DASCUSSION. ....utiieieiiii ettt ettt e et e e et e e eaee e eaeeean 199
CONCIUSIONS ....vvieiiiiie et ettt ettt e et e e e et e e e ete e e eaeeeeaeeean 201
REFEICNCES ..o e 201

SECTION Il  Future Developments in EAST

Chapter 11

STAMPING on EAST: Adding a Control Network to EAST
to Examine the Safety Controls in the Railway Level Crossing
System LifecyCle ......cccooieririiniiiiniiiieeniceceeeeeee e 207

With Gemma J. M. Read, Natassia Goode, Eryn Grant, Clare
Dallat, Tony Carden and Anjum Naweed

INtrOdUCTION ...ttt 207
Research Context: Railway Level Crossings........c..cceceveevcrveniennnens 208
Part 1: Integrating EAST and STAMP.......cccoceeviniininininicnennn, 209
STAMP and Control Theory ........cccccvevienerieniriienieieneeeneene 209
Integrating EAST and STAMP: A Network of Controls ............ 212

Part 2: Applying the Integrated Method to RLX Safety
MANAZEIMENE ...ttt ettt et eaesaeens 213



Contents

Chapter 12

Chapter 13

MethodOlOZY .....coiuiiiiiiiiiiiieeeeee e
Data INPULS.......eeiiiiiiieiieeitee et
EAST Network Development ...........ccccceeeciniiiiniencieenennnn.
Network ANalYSIS c..eevveereiiriieiierieeieeieee et

RESULILS et

Task NEtWOTK.....cc.eeiriiiiiiiiieieeeeeeeee e

Social NetWOrk .....cc.coviiiiiiiiiiiiiecceee e

Information NetWork .........coceeiiiiieiiinieieeee e

Control NEtWOTK ...ccc.eiriiiriiiiiiiiieeiceite e

DISCUSSION ...ttt ettt

Implications for Railway Level Crossing Safety

MaANAZEIMENL ...ttt s

CONCIUSION ...ttt ettt ettt ae e ae s eseeneens
REfEIENCES ...t

The EAST ‘Broken-Links” Approach: Assessing Risk in
Sociotechnical SYStEMS ....c..eeueeriirieriiiierieiierceteeee e

With Catherine Harvey

INErOAUCHION ...t e
Case Study of Hawk Missile Simulation Training.........c.cceceevueenee
Analysis of NetWorkss ........ccccecverieiienieiiiniiencecee e
RESUILS ..ottt

S0CIAL NEWOTIK ..ot

TaSK NEtWOTK .....ccuviiiiiiiieiiie et

Information NetWork ..........cooovvieiiiiiiiiiiiie e
Broken-Links ANalysis.......ccccooererieriiienieienieieecee e
DISCUSSION. ...ttt et e e et e e e e eaneas
CONCIUSIONS ...ttt ettt e ettt e e e et e et e e et e e eeaaeeeeaaeeean
ACKNOWISAZEMENLS ..ottt
REfEIENCES ...oiiiiiiieiiie e e

From CWA to SNA: Modelling Future Flight Decks.......................
With Don Harris and Alison Starr

INErOAUCHION ...ttt
Design APProachi.........cocvevieviieniieiierie e
AIrcraft COMPONENL ......eevvveriieriieeiieriie ettt
Ground-Based COMPONENL ......cceeeveerierrieenieeiienieeieenieeieenanes
SYSEM MITTOT ...iiiiiiiiieiie ettt n
Modelling and Analysis of System Configurations............c.ccecueeueee.
Cognitive Work Analysis (CWA) .....ocoveeviieviiiiieniecieenieeieeen
Work Domain Analysis (WDA) ...cccceecieniiniieieiieeieeeeeeen
Functional PUIPOSES ......cevvieviiiriiieiieiiecieeee e
Values and Priority Measures........c.eevveevueerverrieenieeieenieerieeneneen

xi



xii

Chapter 14

Contents
Physical ObJects......cccovveviiiiiiiiiiinieeceeceee e 259
Object-Related Processes ...........ccveverieienieicnieicieeicnieieees 260
Purpose-Related FUnctions..........c..coceeeeveniiiininninccncieeeee. 260
Control Task Analysis (CONTA).......cccoverviiiiiiiienieiienieeeeen 261
Social Organisational Cooperation Analysis — Contextual
Activity Template (SOCA-CAT) ....cccoviiiiniiiniiiieicceeecee. 262
Social Network Analysis .......ccoceeeruerierenienieiieieeeieeeeeeeeneneens 263
CONCIUSIONS ..ottt ettt ettt e st eee et eeeseeetesseeseenens 270
REfEICNCES ...vevieeiee et 271
Future Directions for the Event Analysis of Systemic Teamwork.......275
INtrOdUCTION ...ttt 275
Normal Performance as a Cause of Accidents...........ccceceeeveruennnne. 275
Accident Prediction ..........cooivevinenienienicnieicicicieecieeeeeeeese e 278
A Systems Approach to Prediction............cceeeverveniiicniencnnnns 279
East and Accident Prediction ...........cccocevevievieieininininencneene, 279
Migration towards Safety Boundaries...........cceceeevevieneneencneenennne. 280
Mapping MiIgration..........cceceevuerienienienieeienieeie oo 281
SYStEMS CONCEPLS ....venviiieniiriieieeiienie ettt ettt see et ene 281
Human Factors and Ergonomics Methods in Design.........c..c..c...... 282
CONCIUSIONS ....viiiiiiiiitietiee ettt 285
REfEICNCES ... 287



Preface

This book has arisen from the desire to share our insights into the practical applica-
tion of the Event Analysis of Systemic Teamwork (EAST) framework. Over the past
decade, we have applied EAST in many domains and have been impressed by the
insights that the products of the analysis afford. EAST offers a systemic and system-
atic approach to the analysis, design and evaluation of sociotechnical systems. As a
formative method, we have used it to design new concepts of operations, new teams
and new ways of working. As a summative method, we have used it to gain new
insights into existing systems and current ways of working.

The EAST method was initially developed for a programme of research into
command and control funded by the UK Ministry of Defence called the Human
Factors Integration Defence Technology Centre. This research began in 2003 and
ended in 2012.

The total funding was for £30 million over 10 years, and one of our projects was
to provide Human Factors advice for new networked architectures for command and
control. The idea was that potentially all military systems across all of the forces (from
the infantry soldier to the moving platforms [on land, in the air and at sea] to the joint
operations headquarters) could be connected like the World Wide Web is for civilian
activities.

This kind of connectivity meant we had to look at command and control in a
completely new way. Rather than develop completely new methods, we developed
EAST by integrating existing methods, as is explained in this book. Prof Chris Baber
and I decided to use network methods to investigate these command and control
networks. This began with investigations into both civilian and military examples
of command and control, some of which are presented in this book. The approach
has developed into the EAST method as we know it today. Over the years, we have
developed and refined the approach. What we particularly like about the network
methods is that they are both scalable and systemic in nature. We can analyse the
networks both qualitatively and quantitatively (using network statistics, as demon-
strated in this book).

We imagine people will approach this book with different purposes. For those
new to the EAST approach, we advise reading Chapter 1 and then finding a chap-
ter with your domain of interest. For those familiar with EAST, go straight to
the chapters that are of interest. For researchers and those keen on extending
the EAST approach, the final section of chapters on developments and future
directions will be of most interest. Each of the chapters is intended to be read
as a stand-alone article, so there is some inevitable repetition on the overview
of EAST (although different emphases and approaches to the method are taken).
Experts in EAST can skip over those sections. For those who use EAST and find it
useful in their work, we say, welcome to the tribe of happy EASTers. That EASTer
tribe already comprises the authors in this book, and we are aware of other groups
using EAST around the world. All of the chapters were led by one or more of the
lead authors of the book with the exception of Chapters 9 and 10, which were both

xiii



xiv Preface

led by Victoria Banks. We are grateful for the contributions and insights from our
co-authors and the progress that has been made with the method since its original
conception.

The EAST development journey is not at the end yet. There have been recent
developments that have extending the use of EAST. EAST, as a systems method, has
fared well, as systems approaches are very much in favour in the Ergonomics and
Human Factors world. We have had some successes linking EAST to other systems
methods, such as Systems Theoretic Accident Model and Process I(STAMP) and
Cognitive Work Analysis (CWA). We have also used EAST in formative ways to pre-
dict system network resilience. The journey does not end here, however, and we are
sure that we and others will continue to develop and extend the approach and apply
it to even more domains of application.

Neville A. Stanton
Professor of Human Factors Engineering
University of Southampton
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In this book, we describe a series of studies that apply the systems thinking approach
using the Event Analysis of Systemic Teamwork (EAST) method. Systems thinking
is a contemporary approach that has currency within the discipline of human fac-
tors. It aims to understand and improve safety and performance in complex socio-
technical systems. Human factors issues are increasingly being examined through
the systems thinking lens (Karsh et al. 2014; Salmon et al. 2017; Walker et al.
2017). In line with this, since the turn of the century, a range of Human Factors
methods have either been developed or have experienced a resurgence in popular-
ity. These include systems analysis frameworks, such as Cognitive Work Analysis
(CWA) (Vicente 1999) and EAST (Stanton et al. 2008); accident analysis methods,
such as AcciMap (Svendung and Rasmussen 2002), the Systems Theoretic Accident
Model and Processes (STAMP) (Leveson 2004), and the Functional Resonance
Analysis Method (FRAM) (Hollnagel 2012); and systems design methods, such as
the MacroErgonomic Analysis and Design method (MEAD) (Kleiner 2006) and the
Cognitive Work Analysis Design Toolkit (Read et al. 2016).

The aim of this book is to demonstrate how one of these methods, EAST, can be
used to provide in-depth analyses of performance and safety in complex sociotechni-
cal systems (STS). The systems thinking approach involves taking the overall system
as the unit of analysis, looking beyond individuals and considering the interactions
between humans and between humans and artefacts within a system. This view also
encompasses factors within the broader organisational, social or political system in
which behaviour takes place. Taking this perspective, behaviours emerge not from
the decisions or actions of individuals but from interactions between humans and
artefacts across the wider system. At the most basic level when examining STS, the
descriptive constructs of interest can be distilled down to simply

e Why: the goals of the system, sub-system[s] and actor[s]

e Who: the actors performing the activity, including humans and technologies

e When: when activities take place and which actors are associated with them

e Where: where activities and actors are physically located

e How: (how activities are performed and how actors communicate and col-
laborate to achieve goals).
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To assist researchers and practitioners explore these constructs, EAST (Stanton
et al. 2013) offers a comprehensive framework for the design, evaluation and analysis
of complex sociotechnical systems. As well as offering a description of the activ-
ity performed within a particular system, the approach provides methods that can
be used to develop an in-depth analysis of the constraints that shape agent activ-
ity within the system. Sociotechnical systems scenarios are often so complex and
multi-faceted, and analysis requirements so diverse, that various methods need to
be applied as one method in isolation cannot cater for the scenario and analysis
requirements. Building on a long history and tradition of methods integration in
human factors research and practice (Stanton et al. 2005), EAST (Stanton et al. 2008,
2013) provides an integrated suite of methods for analysing the performance of com-
plex sociotechnical systems. The framework supports this by providing methods to
describe, analyse and integrate three network-based representations of activity: task,
social and information networks. An overview of the EAST method is provided in
the remainder of this introductory chapter.

BACKGROUND AND APPLICATIONS

EAST (Stanton et al. 2008) provides a framework of methods that allows system
performance to be comprehensively described and evaluated. Since its conception,
the framework has been applied in many domains, including land and naval warfare
(Stanton et al. 2006; Stanton 2014), aviation (Stewart et al. 2008), air traffic control
(Walker et al. 2010), road transport (Salmon et al. 2014a) the emergency services
(Houghton et al. 2008) and elite cycling (Salmon et al. 2017). Within this book, the
application areas covered include

e aviation (Chapters 2, 12 and 13)

e command and control (Chapters 3 and 5)

* energy distribution (Chapter 4)

e rail transportation (Chapters 6 and 11)

* road transportation (Chapters 7, 9 and 10) and
* sport (Chapter 8)

Underpinning the approach is the notion that distributed teamwork can be
meaningfully described via a ‘network of networks’ approach, shown in Figure
1.1. Specifically, three networks are considered: task, social and information net-
works. Task networks describe the goals and subsequent tasks being performed
within the system. Social networks analyse the organisation of the system (i.e.
communications structure) and the communications taking place between the
actors working in the team. Finally, information networks describe the informa-
tion and knowledge (situation awareness) that the different actors use and share
during task performance.

Recent applications of the framework have also adopted a composite network
analysis approach whereby the three networks are integrated to show the relation-
ships between tasks, social interactions and information (Stanton 2014).
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TASK
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during task structure
performance required
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NETWORK NETWORK

Distribution and
communication of
information underpinning
knowledge

FIGURE 1.1 Network of networks approach.

DOMAIN OF APPLICATION

EAST is a generic approach that was developed originally for the analysis of
teamwork in sociotechnical systems, but it has since been used to provide analy-
ses at the micro (Salmon et al. 2014a), meso (Stanton 2014) and macro (Stanton
and Harvey 2017) levels of sociotechnical systems. As such, it can be used in any
domain in which social and technical elements are working together in pursuit
of a common goal. The case study presented in this chapter, used to demonstrate
EAST, is based on an application within the area of land use planning and in
urban design (Stevens et al., 2018).

APPLICATION IN LAND USE PLANNING
AND URBAN DESIGN (LUP & UD)

LUP & UD is most often a product of multi-disciplinary approaches to complex
environments and sociotechnical systems (Stevens et al. 2018). Our projects and pro-
cesses require different resources from a variety of participants over a range of time
frames. Whilst we may not always define these approaches as teamwork, the EAST
approach has the potential to offer critical insights into more effective and efficient
cooperative processes and project performance.

PROCEDURE AND ADVICE

Ster 1: DEFINE ANALYSIS AIMS

First, the aims of the analysis should be clearly defined so that appropriate scenarios
are used and relevant data are collected. In addition, not all components of the EAST
framework may be required, so it is important to clearly define the aims at this point
to ensure that the appropriate EAST methods are applied.
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Step 2: DEFINE THE TASK/SYSTEM UNDER ANALYSIS

Next, the task (or tasks) or scenario (or scenarios) under analysis should be clearly
defined. This is dependent upon the aims of the analysis and may include a range
of tasks or one task in particular. It is normally standard practice to develop a
Hierarchical Task Analysis (HTA) (see Stanton 2006) for the task under analysis
if sufficient data and subject matter expert (SME) access are available. This is use-
ful later on in the analysis and is also enlightening, allowing the analyst to gain an
understanding of the task before the observation and analysis begins.

Step 3: DATA COLLECTION

Once the aims of the analysis are clearly defined, the next step involves collect-
ing targeted data about the system and its behaviour. The specific data collected are
dependent on the analysis aims and the resources available; however, data collection
for EAST typically involves observations, concurrent verbal protocols, structured or
semi-structured interviews (e.g. the Critical Decision Method [CDM]; Klein et al.,
1989), walkthrough analysis and documentation review (e.g. incident reports, stan-
dard operating procedures).

The observation step is often the most important part of the EAST procedure.
Typically, a number of analysts are used to observe the system or scenario under
analysis. All activities involved in the scenario under analysis should be recorded
along an incident timeline, including a description of the activity undertaken, the
agents involved, any communications made between agents and the technology
involved. Additional notes should be made where required, including the purpose of
the activity observed; any tools, documents or instructions used to support activity;
the outcomes of activities; any errors made; and also any information that the agent
involved feels is relevant. In addition, it is useful to video record the task and record
verbal transcripts of all communications, if possible.

Once the task under analysis is complete, each ‘key’ agent (e.g. scenario com-
mander, agents performing critical tasks) involved should be subjected to a CDM
interview. This involves dividing the scenario into key incident phases and then
interviewing the actor involved in each phase using a set of pre-defined CDM probes
(e.g. O’Hare et al. 2000; see also Chapter 4 for more information on the CDM).

STeP 4: TRANSCRIBE DATA

Once all of the data are collected, it should be transcribed in order to make it compat-
ible with the EAST analysis phase. An event transcript should then be constructed. This
should describe the scenario over a timeline, including descriptions of activity, the actors
involved, any communications made and the technology used. In order to ensure the valid-
ity of the data, the scenario transcript should be reviewed by one of the SMEs involved.

Step 5: CoNsTRUCT TAsK NETWORK

The first analysis step involves constructing a task network. Prior to this, the ini-
tial HTA should be reviewed and refined based on the data collected during step 3.
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The data transcription process allows the analyst to gain a deeper and more
accurate understanding of the scenario under investigation. It also allows any dis-
crepancies between the initial HTA scenario description and the actual activity
observed to be resolved. Typically, activities in complex sociotechnical systems
do not run entirely according to protocol, and certain tasks may have been per-
formed during the scenario that were not described in the initial HTA description.
The analyst should compare the scenario transcript to the initial HTA and add any
changes as required.

Constructing the task network involves identifying high-level tasks and the rela-
tionships between them and creating a network to represent this. Some general rules

around the construction of EAST networks are presented in Table 1.1.

TABLE 1.1

Analysis Rules Regarding the Relationships Between Nodes Within EAST

Networks

Network

Task network

Social network

Information
network

Nodes

Represent high-level
tasks that are required
during the scenario
under analysis.
High-level tasks are
typically extracted from
the sub-ordinate goals
level of the HTA

Represent human,
technological, or
organisational agents
who undertake one or
more of the tasks
involved in the scenario
under analysis (as
identified in the HTA
and task network)

Represent grouped
categories of
information that is
required by agents when
undertaking scenario
under analysis (as
identified in the task and
social network)

Relationships

Represent instances
where the conduct of
one high-level grouping
of tasks (i.e. task
network node)
influences, is
undertaken in
combination with or is
dependent on another
group of tasks

Represent instances
where agents within the
social network interact
with one another during
the scenario under
analysis

Represent instances
where information
influences other
information or is used
in combination with
other information in the
network during the
scenario under analysis

Examples

The nodes ‘Identify legal
constraints’ and ‘Identify
site and zoning’ are
linked because the
zoning cannot be
established until the site
has been legally
identified

The nodes ‘Urban planner’
and ‘community’ are
linked as the planner
needs to communicate
with and understand the
local community if an
informed analysis of the
site is to be established

The nodes ‘views” and
‘topography’ are linked
as the establishment of
views requires
appropriate topography
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Step 6: ConDpUCT SociAL NETWORK ANALYSIS

A Social Network Analysis (SNA) (Driskell and Mullen 2004) is used to analyse the
relationships (e.g. communications, transactions) between the agents involved in the
scenario under analysis. This involves first creating a social network matrix show-
ing the relationships between agents followed by a social network diagram which
provides a visual representation of the social network. Typically, the direction (i.e.
from actor A to actor B) frequency, type and content of associations are recorded. It is
normally useful to conduct a series of SNAs representing different phases of the task
under analysis (using the task phases defined during the CDM part of the analysis).

SteP 7: CONSTRUCT INFORMATION NETWORKS

The final step of the EAST analysis involves constructing information networks
(see Chapter 7 for a full description) for each scenario phase identified during the
CDM interviews. Following construction, information usage should be defined for
each actor involved via shading of the information elements within the propositional
networks.

Step 8: ConsTRUCT COMPOSITE NETWORKS

Composite networks are used to explore the relationships between tasks, agents
and information (Stanton 2014). As such, composite networks are constructed
by combining the different networks. For example, a rask by agents network can
be constructed by combining the task and social network to show which tasks
are undertaken by which agents. This involves assigning a colour to the different
agents within the social network and shading each node within the task network
to show which agent performs that particular task. Useful composite networks to
construct include

» Task by agents network (combined task and social network);

e Information by agents network (combined information and social network);

e Task and associated information network (combined task and information
network);

e Information by agents and tasks network (combined task, social and infor-
mation network).

Once the EAST networks are complete, it is pertinent to validate the outputs using
appropriate SMEs and recordings of the scenario under analysis. Any problems iden-
tified should be corrected at this point.

STEP 9: ANALYSE NETWORKS

An important component of EAST analyses involved using network metrics to anal-
yse the task, social and information networks. This enables analysis of the struc-
ture of the networks and identification of key nodes (e.g. tasks, agents, information)
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within the networks. Three popular network analysis metrics have previously been
used to interrogate EAST networks:

1. Network Density (overall network): Network density represents the level
of interconnectivity of the network in terms of relations between nodes.
Density is expressed as a value between 0 and 1, with O representing a
network with no connections between nodes and 1 representing a network
in which every node is connected to every other node (Walker et al. 2011).
Higher density values are indicative of a well-connected network in which
tasks, agents, information and controls are tightly coupled.

2. Sociometric Status (individual nodes): Sociometric status provides a mea-
sure of how ‘busy’ a node is relative to the total number of nodes within
the network under analysis (Houghton et al. 2006). In the present analy-
sis, nodes with sociometric status values greater than the mean socio-
metric status value plus one standard deviation are taken to be the ‘key’
(i.e. most connected) nodes within each network. These nodes represent
either key tasks, agents, pieces of information or controls. For example,
in the case of the social network, the node with the highest sociometric
status is the agent that is the most interrelated with other agents based on
communication.

3. Centrality (individual nodes): Centrality is used to examine the standing
of a node within a network based on its geodesic distance from all other
nodes in the network (Houghton et al. 2006). Central nodes represent
those that are closer to the other nodes in the network as, for example,
information passed from one to another node in the network would travel
through less nodes. Houghton et al. (2006) point out that well-connected
nodes can still achieve low centrality values as they may be on the
periphery of the network. For example, in the case of the social network,
nodes with higher centrality status values are those that are closest to all
other agents in the network as they have direct rather than indirect links
with them.

ADVANTAGES

e The analysis produced is extremely comprehensive and activities are anal-
ysed from various perspectives.

¢ The analysis is both qualitative (networks) and quantitative in nature (net-
work analysis metrics).

e Composite networks enable analysts to explore the relationships between
tasks, agents and information.

¢ The use of network analysis metrics enables analysts to identify key tasks,
agents and information.

e The framework can be used both retrospectively and predictively to fore-
cast system behaviour (e.g. Stanton and Harvey 2017).

e The framework approach allows methods to be chosen based on analysis
requirements.
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e EAST has been applied in a wide range of different domains for various
purposes. The approach is generic and can be used to evaluate activities in
any domain.

e Various Human Factor (HF) concepts can be examined, including distrib-
uted situation awareness, distributed cognition, decision making, teamwork
and communications.

e It uses structured and valid HF methods and has a sound theoretical
underpinning.

DISADVANTAGES

* When undertaken in full, the EAST framework is a very time-consuming
approach.

e The use of various methods ensures that the framework incurs a high train-
ing time.

e In order to conduct an EAST analysis properly, a high level of access to the
domain, task and SMEs is required.

e Some parts of the analysis can become overly time-consuming and labori-
ous to complete.

e Some of the outputs can be large, unwieldy and difficult to present in
reports, papers and presentations.

¢ Reliability and validity have not yet been formally tested.

RELATED METHODS

EAST uses HTA, social network analysis and information networks. Various
methods can be used to collect the data required to construct task, social and
information networks, including concurrent verbal protocol analysis, the CDM
(Klein et al. 1986), observation, documentation review and content and thematic
analysis.

APPROXIMATE TRAINING AND APPLICATION TIMES

Due to the number of different methods involved, the training time associated with
the EAST framework is high. Similarly, application time is typically high, although
this is dependent upon the task under analysis and the scope of the analysis.

RELIABILITY AND VALIDITY

Due the number of different methods involved, the reliability and validity of the
EAST methods are difficulty to assess. Indeed, they have not yet been formally tested.

FLOWCHART

A flowchart showing the main phases of EAST is shown below, separated into the
three phases of data collection, data analysis and representation methods (Figure 1.2).
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FIGURE 1.2  Flowchart showing phases and associated methods for EAST.
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TOOLS NEEDED

Normally, video and audio recording devices are used to record the activities under
analysis. A drawing software package such as Microsoft Visio is also typically used
to reproduce the networks. The HTA tool or other task analysis tools can be used to
support development of the task network. The AGNA social network analysis soft-
ware tool is typically used to quantitatively analyse the networks, and the Leximaner
thematic analysis tool can be used to construct information networks directly from
verbal or communications transcripts (e.g. Salmon et al. 2014b).

EXAMPLE

In the following example, EAST was used to examine a generic land use and urban
planning site analysis process (Stevens et al., 2018). Task, social and information
networks were constructed to describe the key tasks, agents and information used
during site analysis. Initially, a task network was constructed based on a HTA of a
generic site analysis process.

As shown in Figure 1.3, 11 key interrelated tasks were identified. The task
network is a dense one with many interdependencies between tasks, suggesting
that the tasks required are tightly coupled. In particular, the tasks of analysing
the neighbourhood and determining circulation patterns are the most connected
within the task network, suggesting that they are central to the overall site analy-
sis process.

A social network diagram was constructed based on identifying which agents
are required to communicate with each other during the site analysis process (see



