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Agenda

1. Big Science organizations

2. Strategic knowledge mapping in big science projects: a
methodology to identify and develop key strategic
knowledge assets and explore their characteristics and
relationships

3. Structure of interorganizational collaboration in
scientific projects: analysis of collaboration networks

4. The role of simulations as a coordination mechanism in
a big science project: simulations as dynamic boundary
objects
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Big Science Organizations
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Big science
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In many areas (genomics, high energy physics, climate sciences,
ecology, astronomy, nuclear fusion,...) scientific research has
moved in the last decades from small or medium-sized
experiments to large and complex collaborations (Galison 1992)

The idea of ‘big science’ put forward in the 1960’s by Weinberg
(1961) and Price (1963) has become commonplace (Hicks & Katz
1996, Knorr-Cetina 1999, Etzkowitz & Kemelgor 1999)

Big science is taking an important part of research funding and it is
worth looking at its different aspects

Big science experiments provide very interesting management and
organizational insights

A good example: CERN experiments
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The Large Hadron Collider (LHC
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ATLAS: One of the LHC detectors

Overall view of the LHC experiments.
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The ATLAS detector

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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The ATLAS Collaboration




A complex organization

3000 physicists

174 universities
and labs

38 countries
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New kinds of organizations

m New virtual collaborations fostered by globalization and ICTs

m But managed in a traditional way: organizational authority systems
and clear boundaries

m Some recent developments challenge this: distributed, non-
hierarchical networks such as Linux
m Questions:
m How is coordination actually achieved?
m What happens when the task is complex and boundaries are fuzzy?
m What level of complexity such networks can manage?

m The ATLAS case: bottom-up culture and very limited use of
managerial authority
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Three Questions

ATLAS is an exceptional knowledge-based organization!
How does it work?

m What are the critical knowledge assets that allow ATLAS
to perform at such high levels?

m How is the structure of internal collaboration?

m How is coordination achieved in this complex, non-
hierarchical knowledge system?
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Strategic Knowledge Mapping
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Three kinds of knowledge

Structured
(Codified
and/or
Abstract)

Unstructured
(Uncodified
and/or
Concrete)
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Abstract Symbolic Knowledge

» What can | extract from it which is stable or
durable?
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Boisot (1998). Knowledge Assets. OUP.

The |I-Space

Bond
Structured Traders
Structuring
Information
Unstructured 55;; - Master
Undiffused Sharing Information Diffused
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Knowledge in the I-Space

Structured

Unstructured
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The Social Learning Cycle (SLC)

Structured Diffusion
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Portfolio of knowledge assets
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Mapping the ATLAS knowledge
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Strategic Knowledge Mapping Process

1. What are the organization’s critical performance
dimensions?

2. What are the knowledge assets that support
those performance dimensions?

3. Where are the knowledge assets located in the
I-Space?

4. What are the strategic implications of the
knowledge map?

5. How can the knowledge system develop?
Kimo <1U0C
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Selecting knowledge assets
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Please select from the list below the two most important knowledge domains that you currently apply in executing your

work:
[7] standard Model [T Operating Systems [T Presentation Skills
[T Beyond Standard Model [T] Software Analysis and Design [T Interpersonal Communication Skills
[T General P-P Collision [T Programming [ Detector Readout and Instrumentation

Overall View of The State of The Art of Database Technologies (Hardware and .
Ll Electronics O Software) [C]LHC Machine Parameters

FPGA (Field Programmable Gate

["] Arrays) and DSP (Digital Signal [] Networking and Point-to-Point Links [CIMC Simulation

Processes)
[T1Fast Memories [T Project Management [T Overview of The ATLAS Experiment
["1Radiation Hard Electronics [T Financial Management [T Overview of The ATLAS Collaboration

m Eii(l:(l;planes and High Speed Serial [T]People Management [ Outreach

[ Ha;rdware (Servers, Modular Electronics, []Meeting Management & Participation

In what follows and for each knowledge domain, you will be asked six questions, each of which requires you to answer yes or.
no. In addition, you will be asked two questions requiring you to assign a score, plus two questions requiring a simple numerical

estimate.




TDAQ Questionnaire: Basic Statistics

GENERAL SURVEY COMPARISON STATISTICS

First Round Second Round Both Rounds

Number of people

approached 74 101 175

Questionnaire 43 58.11% 89 88.12% 132 75.43%

hits

Responses 41 5541% 49 48.51% 90 51.43%
Complete responses 36 48.65% 38 37.62% 74 42.29%
Knowledge responses 82 81 163
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TDAQ Knowledge Map

Codification
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2 Beyond Standard Model

3 General P-P Collision
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electronics

5 FPGA and DSP

6 Hardware

7 Operating Systems

8 Software analysis and design

9 Programming

10 Database technologies

11 Networking and Point-to-point links
12 Project Management

13 People Management

14 Interpersonal communication skills
15 Detector readout and instrumentation
16 LHC machine parameters

17 MC simulation

18 Overview of the ATLAS experiment
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What is the most salient knowledge?

7.00
Standard Madel
Operating Systems
6.50 (8) (11)
Software analysis
ign (2
6.00 and design (23)

550 Detector readout Q -
and instrumentation * Programming

(9) (37)
5.00 Overview of the

ATLAS experiment
4.50 15)

Project Management
3.50
3.00 -

g Interpersonal

2.50 communication skills
(10)
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Soft/Management Skills in ATLAS
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Challenges for ATLAS

m Strategically developing value (competitive advantage)
Understanding the nature of one’s core competences
Over and beyond the ATLAS project cycle (15 years)

m Fostering the further development of soft skills in ATLAS?
Manpower development in High Energy Physics
Formal courses (upper |-Space)
Apprenticeships (lower |-Space)
Correlation between position and choice of soft-skills?

m Managing the flow of people in and out of projects and
between home institutions and ATLAS
Knowledge walking out of the door
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Structure of Interorganizational
Collaboration
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Scientific collaboration
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Scientific collaboration has a direct effect on the impact of the
resulting publications (Benavent-Pérez et al. 2012), accentuated in
the case of international collaboration (Kronegger et al. 2011)

Important public funding is applied to scientific collaboration

It can be analyzed from different perspectives: authors, institutions,
countries (Sonnenwald 2007)

In order to analyze it, scientific collaboration must be
contextualized: by discipline, by geographical area, by type of
research, ... (Gzani, Sugimoto & Didegah 2012)

We are interested in understanding collaboration patterns in ‘big
science’
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Studying scientific collaboration

m Usual methodology: co-authorship networks
(Sonnenwald 2007)

m ... but in big science co-authorship networks of
published papers might be misleading

Researc h Group pr
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In big science: genomics

natur e International weekly journal of science

Journal home > Archive > Hum

Journal content
+ Journal home

+ Advance online
publication

+ Current issue
+ Nature News
+ Supplements
+ Web focuses
+ Podcasts

+ Videos

+ News Specials

Journal information

+ About the journal

an Genome > article > Full Text

Human Genome

Nature 409, 860-921 (15 February 2001) | doi:10.1038/35057062; Received 7 December 2000;
Accepted 9 January 2001

article

Initial sequencing and analysis of the human genome

International Human Genome Sequencing Consortium Eric S. Landerl, Lauren
M. Linton!, Bruce Birren!, Chad Nusbauml, Michael C. Zody, Jennifer
Baldwinl, Keri Devonl, Ken Dewarl, Michael Doylel, William FitzHugh?, Roel
Funkel, Diane Gagel, Katrina Harrisl, Andrew Heafcrdl, John Howlandl, Lisa
Kannl, Jessica Lehoczkyl, Rosie LeVinel, Paul McEwanl, Kevin McKernani,
James Meldriml, Jill P. Mesirovl, Cher Mirandal, William Morrisl, Jerome
Naylorl, Christina RaymondZl, Mark Rosettil, Ralph Santosl, Andrew Sheridant,
Carrie Sougnezl, Nicole Stange-Thomannl, Nikola Stojanovicl, Aravind
Subramanian® & Dudley Wymanl for Whitehead Institute for Biomedical
Research, Center for Genome Research:, Jane Rogersg, John Sulstong, Rachael
Ainscough?, Stephan BeckZ, David Bentley2, John Burton2, Christopher Clee2,
Nigel Carterg, Alan Coulsong, Rebecca Deadmang, Panos Deloukasg, Andrew
Dunhamg, Ian Dunhamg, Richard Durbing, Lisa Frenchg, Darren Grafhamg,
Simon Gregory2, Tim Hubbard2, Sean Humphray2, Adrienne HuntZ, Matthew
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In big science: H.E.Physics

Paysics Leners 8716 (2012) 1-29

Contants lists available at ScVarse SaenceDiract

Physics Letters B

El ww clsavier.com/ocataiphysiath

Observation of a new particle in the search for the Standard Model Higgs boson

with the ATLAS detector at the LHC*
ATLAS Collaboration*

This paper is dedicated to the memory of our ATIAS collegues who did not live 10 see the full impact and significance of their
experiment.

contributions to the

ARTICLE INFO ABSTRACT

Avceamay: Amlﬂmmmwmlnpmm with the ATIAS detecior

Reccven 31 oy 2012 the LHC Is presented. The daasets wad luminosities of approximacy 43 -t
Receveq ia fevisen sorm § Asgust 2012 _nwlnzmlmnsln"x.ﬁ 8 T4V In 2012. Indvidual searches in the channels.

Accepeea 11 Asgum 2002
Avaiane omine 14 Auge 2012
Esirze: WD, Scruanmer

collecied

H s 2700 46, yy 308 H - WWI) — cuy In the § T4 daxa are combined wch previcusly

published results of searches for H — ZZ*), Ww ™, b6 and T+t~ in the 7 TV dama and results from
analyses of e H —» 27—+ 4€ a0d H —» yy channels

T data. Clear evidence for

mproved
the production of 3 neutsal bosen with 3 measared s of 126.0£0.4 (i) £0.4 (3y5) GeV Is presented.

mummmna

o 5.9 sandard deviations, cormespending © 3 backgromnd
‘Model

sigaticance
Sacrsation protabiliy of 17 x 10-9, & comparile with the production and decay of the Sandant

Higgs boson.

© 2012 CERN. Pubiished by Elsevier BV. AR righus reserved.

1. Introduction

The Standard Model (SM) of partide physics [1-4] has been
tested by many experiments over the last four decades and has
been shown to successfully describe high energy particle interac-
tions. However, the mechanism that breaks electroweak
in the SM has nct been verified experimentally. This mechanism
15-10], which gives mass to massive elementary particles, impﬁs
the existence of a scalar partie, the SM Higgs boson. The search
smuuiwhuu.uhe anly elementary particle in the SM that
has not yet been uhsened.umdzheh:ghlnyudmh.y
H-dvm(nihd«numlqpymmmnm
Indirect limits on the SM Higgs boson mass of my < 158 GeV/
nQEmMemlad(u)hebzmnmn;wﬁum

jon dlectrowesk results [12]. Direct searches 2t LEP [13) the
Tam||4 16) and the LHC [17,18) have previously sxchuded, at
95Z (1, 2 SM Higgs boson with mass below 600 GeV, apart from
some mass regions between 116 GeV and 127 GeV.

Both the ATLAS and OMS Collaborations reported excesses of
events in their 2011 datasets of proton-proton (pp) collisions at
centre-of -mass energy /5 7 TeV at the LHC, which were compat-
ible with SM Higgs boson production and decay in the mass region
124-126 GeV, with significances of 29 and 3.1 standard deviations
:a;mpe:meﬂms;muanemnmrm

50 recently reported 3 broad excess in the mass region

* © CERN 10 e Derefit o (e ATLAS Cosmnration.
* E-mat samess: Fingremon.

0570263y © 2012 CEXN. Rmisneq oy Esevier BY. As rigns reserven.
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|zu|35c<v uzsing the existing LHC constraints, the observed lo-
for my = 125 GeV are 270 for CDF (14, Llo for
Do ||s| and 280 for their combination [16).

The previous ATIAS searches in 46-48 " of data at V5=
7 TeV are combined here with new searchesfor H — ZZ™ . 42}
H s yy and H - WW™ _ evpu in the 58-59 fb~' of pp cob-
lision data taken at /5 =8 TeV between April and June 2012

The data were recorded with instantaneous luminosities up to
68 10 cm~25"; they are therefore affected by muktiple pp
collisions occurring in the same or neighbouring bunch crossings
(pile-up).In the 7 TeV data, the average number of interactions per
bunch

data are improved, making the H — ZZ® . 4€ and H - yy
searches more robust agsinst the increased pile-up. These analy-
se5 were re-optimised with simulation and frazen befare looking
at the BTeV data.

In the H + WW™ _ Zwvfv channel, the increased pile-up de-
teriocates the event missing transverse momentum, EF4®, resolu-

provdes
of the sensitivity of the search, oaly this final state is used in
the analysis of the 8 TeV data. The kinematic region in which 2
SM Higgs boson with 2 mass between 110 GeV and 140 GeV is

T The symoo: £ 2an0s r TN of meon.

ATLAS Coaooraion Pysics Laeers BT16(2012) 1-29 "
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Collaboration in Physics

m Most of studies look at the institutional level

m High degree of inter-institutional (~ 50%) and international (~ 30%)
collaboration (Gazni et al. 2012, Benavent-Pérez et al. 2012)

m Higher degree of international collaboration (especially in Europe)
and influence of geographical distance

m In a longitudinal analysis, Lorigo & Pellacini (2007) observe:
m An increase in the number of inter-institutional collaborations

m An increase in the strength of inter-institutional collaborations (number
of papers)

m An increase in the percentatge of nodes belonging to the largest
connected component

m Loss of centrality of CERN as an institutional node

m As Huang et al. (2012) suggest, collaboration networks like CERN
need to be studied in depth

Kimo <JUOC

Research Group gg'éggiﬂfygbe"a 31




Research design

m Access to internal ATLAS data

m Preprints database of the physical analysis phase
(with editors)

m Authors list with institutions

m Data (until 31/12/2012):
m 371 papers
m 1543 authors
m 217 institutes

m Co-authorship network analysis at the
institutional level
KiMo <JUOC
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Co-authorship network
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Community analysis
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Discussion and conclusions

m Interesting findings
m High degree of collaboration

m Not a scale free network, as opposite to the co-authorship
network of published articles (Newman 2001)

m Apparently no effect of geographical distance

m Conclusions

m Big science collaborations have an internal structure,
sometimes different from the rest

m In spite of the “one case” limitation, we may conclude that in
disciplines where big science has become important, traditional
co-authorship analysis should be taken with care when studying
scientific collaboration
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Simulations as Boundary
Objects
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Coordination

KiMO

Research Group

Cooperation needs transactions, that present some problems
(bounded rationality, information asymmetries)

Traditional solution: Management (“visible hand”) through
hierarchical control

Alternatives:
m Routines and rules: only effective under conditions of repetition

s When all members agree upon the goals of the organization
and the techniques for achieving these goals are within the
ability of all members, few or no rules are required: small
organizations oriented around expressive needs

Under certain circumstances, the latter can apply to fairly large and
geographically scattered organizations like ATLAS

e JUOC
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The ATLAS Puzzle

m A complex task

m A project-oriented structure

m A complex organization
m 3000 physicists
m 175 universities and laboratories
m 38 countries

m A non-hierarchical organization
m Held together by Memoranda of Understanding
m Decision making is bottom-up
m Decision making is distributed
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ATLAS in the |-Space
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Boundary objects

m Boundary objects (Star 1989, Carlile 2002, 2004) act as a

scaffolding that enables people to:

m Gradually build up a shared understanding of common tasks facilitating
knowledge flows

m  Provide coherence across intersecting social groups

m Examples of boundary objects: blueprints, maps, common
interests, rules, plans, conceptual frameworks.

Feynman diagrams q W, Z
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Research design

KiMO

Researc h Group

Case study developed between March and December of 2009

Part of a wider investigation about different aspects of knowledge
creation, transfer and use within the ATLAS Collaboration

Data collected through 30 semi-structured interviews to members
of the Collaboration (9 senior members and 21 group leaders)

Complemented with archival information from the ATLAS
Collaboration and participating observation
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Key role of simulations

Research Group

Monte Carlo simulation
techniques

Co-evolution of prototypes
and simulation in the
design phase

Necessary to interpret the
results in the operation
phase
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Simulations as boundary objects

The beginning of this experiment was a simulation. You simulate the whole
experiment first until you’re confident that all the bits and pieces which you
imagine... all the different things you imagine you put them into the simulation
and see how they perform.

So you’re really evolving two objects. You’re evolving a virtual object and
you’re evolving a real object. [...] And both are equally complex. The one
on the computer may even be more complex because it contains all the detail.

[That core simulation is an object...] Not only to co-ordinate but to feed
everybody with all the necessary information that the person needs in
order to perform within a complex...

[...in bio-technology you’ ve got lots of prejudices that compete with each other
with people having different ways of doing...] Yeah, yeah. Well here also, but
here you use the simulation to iron them out.
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Some insights

m Clans are governed by the intangible hand of trust and mutual
esteem, what requires personalized interaction and, therefore, are
limited in size, but the ATLAS case suggests that clans can be
expanded through the use of external scaffolding acting as boundary
objects

m  Simulation absorbs complexity by capturing it in a “black box” and
behaves as a boundary object that facilitates alignment between
groups

m T[he needed coordination is provided by culture and boundary objects:
the “intangible hand”

m  Main implication: In cases of task complexity, boundary objects
together with clan or adhocratic cultures may substitute for the
traditional coordination mechanisms

Kimo <JUOC

Research Group gg'é:gllff:ygbe"a 44




Conclusions and implications

m |s the ATLAS case unique?
m The ATLAS culture produced an ‘organized anarchy’ that
works

m In The rise of the creative class, Florida (2002) suggests
that this kind of organizations are set to grow

m The ATLAS case suggests that they may be not
necessarily small scale organizations with few
coordination problems, but also larger and more focused

organizations
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Thank you!

Questions?

Agusti Canals
acanalsp@uoc.edu
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