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COLLECTIVE AGILITY , PARADOX AND ORGANISATIONAL |MPROVISATION :

THE DEVELOPMENT OF A PARTICLE PHYSICS GRID

Yingqin Zheng, De Montfort University, yzheng@dniegk
Will Venters, London School of Economics, w.ven@ise.ac.uk

Tony Cornford, London School of Economics, t.cordf@lse.ac.uk

Abstract
This paper examines systems development in a giatlaborative community of high energy physics
and offers insights and implications for agile sys$ development in other large scale and distribute
settings. The paper studies the ongoing constiuciche UK’s computing grid for particle physics
(GridPP), a grid that is itself part of the world&gest grid, the Large Hadron Collider Computing
Grid (LHC). We observe in this project a collectiagile and distributed performance through which
the Grid is constructed. We express this throughcitncept of “collective agility” which captures a
large distributed performance rather than the nooreventional sense of agility as small-group and
deliberate systems development practices. Theatioeagility of GridPP is analysed as a process of

“enacted emergence” expressed through the dynarhigig improvisation-paradoxes.
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1. Introduction

Much recent innovation in systems development bagi to legitimise a more fluid, exploratory and
responsive style (Baskerville and Pries-Heje, 2@ekkerville et al., 2006; Baskerville et al., 1992
Fowler and Highsmith, 2001; Truex et al., 2000)e3é& moves away from traditional formalism in
systems development methodologies (e.g. Boehm 1B@&Bjarco 1978) echo the long-standing
observation from the field that traditional methtmdpes are neither effectively nor extensively used
(Avgerou and Cornford, 1993, Bansler and BodkeB3)9but often “faked” (Parnas and Clements,
1986) and used as a ‘“fiction” to help create a eseof coherence in day-to-day activities
(Nandhakumar and Avison, 1999). Such observatiange ftaused some to rethink the status of
method and methodology in systems development.r@if@002), for example, asks us to “suspend
the belief that behind the messy everyday redtigyd is a geometric universe”. Similarly, Truex and
associates argue that “amethodical” developmenieid et al., 2000) can better appreciate and support
innovation and organisational change, adaptatiath experimentation, as well as exploiting new
opportunities and accidents. If we understand dsgdional landscapes to be emergent or enacted
(Weick, 2001, Weick, 1993b), and that technologyclisated ‘in-practice’ (Orlikowski, 2000), it
makes sense to argue that the way we develop iatamsystems should support a strong contextual

contingency and allow for improvisational actiorddnricolage (Bansler and Havn, 2004).
Agile Systems Devel opment

Many contemporary systems development practiceoeated towards speed, responsiveness and
flexibility. These practices have been given narsash as “high speed software development”
(Baskerville et al., 2006), “short-cycle time syatedevelopment” (Baskerville and Pries-Heje, 2004),
“web-based system development” (Kautz et al.,, 20@Gf)d most influentially, agile systems
development (Conboy and Fitzgerald, 2004; Fowlet Highsmith, 2001; Highsmith, 2002). Agile
development has established a large researchtliteran the past few years, and an extensive
following within the practitioner community, based principles characterised by quickness, lightness
and nimbleness (Highsmith, 2002) and on values asatollaboration, communication, simplicity and
courage (Beck and Andres, 2005). The practitioiterature includes many versions such as rapid
prototyping or quick releases, placing emphasisnfrpredefined procedures, specification and
systematic methods (Beck and Andres, 2005; Higlmsr2i002; Williams and Cockburn, 2003). But
most studies of agile development still focus omrmibehaviour and related processes in designing
and delivering software, and less attention is paidrganisational cultures, institutional conditso
and environmental constraints (Abrahamsson e@09). This is surprising since, from the days of
Brooks’ classic ‘The Mythical Man Month’ (1979) arideRamer and Kron’s (1975) concept of

‘programming in the large’, it has been acknowletgbat systems are developed within an



organisational environment, which is as significantshaping the character of the project and its
outcomes as any particular practices. There is thnsed to develop a better understanding of the
implementation of agility at the organisational de\(Abrahamsson et al., 2009) acknowledging

explicit linkages to institutional and cultural thegs.

Large-scale systems development projects in p#tiare known to face many challenges as they
span institutional and cultural settings. Curtisabt(1988) suggest that the three most salient and
interrelated problems they face are: thin sprea@plication domain knowledge; fluctuating and
conflicting requirements and; communication andrdo@tion breakdowns. To adopt a style of agile
systems development in such settings entails péatidifficulties (Reifer et al., 2003), including
communication, lack of control and lack of trusta(®esh et al., 2006). The strategies proposed to
‘scale-up’ agile development include developing ladmbration tools (Flor, 2006), aligning IT
components (Lee et al., 2006), and managing cdydhe balance between flexibility and rigour (Lee,
DeLone and Espinosa, 2006). Yet few attempts haenbmade to directly theorise agility and

distributed organisational dynamics.
The LCG Project

In this paper we study an emergent form of agibeice within a specific and distinctive large scal
and distributed organisational context — the Lafgelron Collider Computing Grid (LCG) - one of
the world’s largest computing grids. This starteyelopment in 2001 and was formally put into use
in 2010. The organisational context of the LCGJeawfng that of particle physics (Knorr-Cetina,
1999; Traweek, 1988), is highly distributed wittDldomputing centres in 34 countries. Mobilising to
build this Grid was a grand systems developmentierige in technical, organisational, political and
human terms; an example of large scale system @@weint on a global basis and one which, as we
will argue, seemed to exhibit a quality of agilifyhus we observed fluid practices that serve as a
continuous response to external and internal clsarayed continual acts of trial and error matched
with pragmatic problem-solving approaches. Bricelagdad hocactivities dominate the day-to-day
and there is minimal, though vital, use of formathodologies and centralised control. The people
involved, mostly physicists or physicist-programmeake pride not in methodological rigour but in
their pragmatic approach to “make it work”. As egkadistributed project, LCG has faced challenges
as mentioned above, and yet their response hade®wmt to employ rationalistic approaches or
constraining tool-sets as most of the authors apowpose, but rather to respond by maintaining thei

commitment to a flexible and fluid approach — tdigg
The Concept of Agility

The literature on agility reflects two common apmes. The first sees agility as empirically

validated small group methods and practices. Thergksees agility as an organisational capability



(Sambamurthy et al. 2003; Lee et al., 2006; Matieiasand Pries-Heje, 2006), for example, a firms’
sense-and-respond capabilities, or dynamic cagabiliWilliams and Cockburn 2003), or the
organisational capability to learn, to explore amexploit knowledge (Mathiassen and Vainio, 2007;
Overby et al., 2006). We develop a third and distperspective, what we calbllective agilityseen

as a “structuring property” (Giddens, 1984) of demive, instantiated in improvisational behaviour
of individuals and groups and in their social iatgions. In other words, collective agility is an
attribute emergent from the day-to-day practicessofial actors. We thus explore agility as a
performancgCiborra, 1999; Dyba, 2000).

It is important to make clear the ontological distion implied by a focus on capability or
performance: capability refers to the potential &shievement that an organisation has as it draws
upon its resources, human, institutional and maltea concept linked to the resource based view of
the firm and core competencies (Wade and Hulla@@4p In contrast, a performance is an enactment
within a context that can create, apply and sustapabilities. Put another way, capabilities are no
understood here as something held prior to a peeoce, rather they are the medium and outcome of
it. The performative ontology (Pickering, 1995) ptéunl here sees agility as what social actors do
when engaging with uncertainty and complexity, andsustained by collective agency over time and
space. Our focus is not a description of agile iela or its precursors but on the performance of
collective agility that embodies the LCG projecthel emphasis is on agility’s emergence from
disparate practices embedded in the organisatamhlultural context. In simpler terms, it is nastj
that agile system development can be sustainedaiticplar supportive organisational or cultural
contexts, but that a context or culture may itsielfnand (at times) and create a certain type oé agil

performance.
Organisational Improvisation and Paradoxes

To unpack the complexities of collective agility & organisational performance, we draw upon the
literature of organisational improvisation (Cuntale, 1999; Weick, 1998) with a focus on colleetiv
collaborative and coordinated improvisational attivimprovisation is essentially an individual or
small group practice, immediate and situated, wdeethke agility we study is that which emerges from
a collective performance - an organisational imgaton. This literature is reviewed and organised
from the perspective of paradox (Mirvis 1998). éishbeen frequently noted that innovations such as
short cycle time development or agile methods wwotensions and paradoxical elements, for
example, learning to “plan not to plan” (Baskewlk006) or to achieve a “disciplined messiness”
(Highsmith, 2002) and Baskerville’s (2006) calls orejection of polar distinctions between consept
like planning and serendipity, or discipline an@ativity. The concept of paradox is not intended to
suggest logical impossibility or irresolvable cactfl rather paradox provides a means of presenting
and analysing productive tensions, dynamics, antivatong challenges of systems development. In

constructing a set of improvisation-paradoxes apglygng them in the analysis, we reveal the



embracing and balancing of such paradoxical elesnasta key to understanding agility within

distributed collaborative system development.

In summary, this paper introduces collective agilia concept developed from a paradoxical
perspective, to describe a particular genre of misgdional performance. The rest of the paper is
organised as follows. Section 2 further develops ¢bnceptual constructs, i.e. the improvisation-
paradoxes, from the literature of organisationaprionisation. Research methodology and case
description can be found in Sections 3 and 4. &e&ipresents an in-depth analysis of the casg usin
the improvisation-paradoxes, extended to discussiand implications in Section 6. Section 7

concludes the article.

2. Improvisation Paradoxes and Enacted Emergence

Existing research on organisational improvisatiaystly considers it as a creative group performance
with little formal planning and minimal central dool, like a jazz performance (Barrett, 1998, Hatch
1999) or improvisational theatre (Crossan, 199&)nt@ et al (1999) define improvisation as “the
conception of action as it unfolds, by an orgamsatind/or its members, drawing on available
material, cognitive, affective and social resoutc@his definition emphasises two aspects. Fitst, t
convergence in time of conception and execution qif@an and Miner, 1998), or “real-time
planning” (Miner et al., 2001). This resonates rsglg with the basic notion of agility as quickness,
lightness, and nimbleness (Highsmith, 2002). Secbridolage — the aspect of finding solutions from
available rather than optimal resources — whictoften implied or used interchangeably with
improvisation (Weick 1993a, 1993b, Ciborra, 2002).

Within the field of information systems, ideas ofgrovisation and bricolage have often been used to
critigue the dominant ontology of planning and cohaind the pervasive normative tendencies that
follow (Ciborra, 1999, 2002, Lanzara, 1999, Orlilgktly 1996). Organisational improvisation
literature does not deny or negate the value di soncepts, but suggests that it is in the tenarmh
interaction between these and their oppositesctsiret and change, order and chaos, control and
freedom, that creative attitudes, innovative outesymand productive practices may be found. The
performative view of agility adopted here revedls ttensions and oppositions between well-founded,
well-reasoned, and well-supported alternative exatians of the same phenomenon” (Poole and Van
de Ven, 1989). Thus we draw on the establishedtimadf paradox as a dialectical device to examine
complex situations and to build theory (Lewis, 200®ole and Van-de-Ven, 1989; Smith and
Tushman, 2005). Lewis (2000) describes three catgof paradoxes prevalent in organisational
studies — learning (old/new), organising (contteXibility), and belonging (self/other). We use $he
three categories to synthesise the literature ganisational improvisation and propose a set of
improvisation-paradoxes. Table 1 presents thea@istcucted improvisation-paradoxes with examples

of the concepts they are based on. These conaepkéghlighted in italic in the following elaborati



of the improvisation-paradoxes.

[Insert Table 1 about here]

Paradoxes of Learning

Paradoxes of learning arise from the tension betwékandnew “the struggle between the comfort
of the past and the uncertainty of the future”, ckhare fundamental to processes of innovation,
transformation and sensemaking (Lewis, 2000). @ lhsis, we identify two pairs of paradoxes of
learning: Learned Improvisationi.e. improvisation drawing on past experience aitdated within
environmental constraints; ariRleflective Spontanejtynaking sense by ex-post interpretation and

rationalisation.

- Learned Improvisation: This paradox is related to the tension betweenrtimediate (the here-
and-now environment and context) and the histahe Understood, interpreted, documented and
remembered past). “Learning requires using, ciiiguand often destroying past understandings and
practices to construct new and more complicatethdsgaof references” (Lewis, 2000). For example,
jazz musicians recall music that has been perforamediearn from it (Berliner, 1994). Improvisation
is often a response task uncertaintyandenvironmental turbulencévioorman and Miner, 1998).
Unexpected and “unplanned-for” (Miner et al., 20@currences or tasks can arise inside the
collective too (Cunha et al., 1999), for exampléewtask complexityseems to be beyond the scope
of rational planning, accumulated knowledge or ptednined method (Hutchins, 1995).
Organisational improvisation can also be linkedliétiberate innovation- for example, visions which
articulate a gap between reality and possibility @aduce actions which are partly planned yet

significantly emergent (Mintzberg and McHugh, 19883 improvised (Crossan et al., 1996).

To cope with uncertainties and complexities of ¢éhgironment, context or task, people need to draw
upon a repertoire obrganisational memories]earned ways of thinking and behaving” (Moorman
and Miner, 1998). The paradox of Learned Improwsathus also reflects the tension between the
reliance on “habits of thought” and routines (Hunsh 1995, Weick and Roberts, 1993) and a will to
depart from organisational traditions and normsn{@uet al., 1999) — tdrop your tools(Weick,
1993a) This balance is intricate, as successful improwsat are often based on accumulated
knowledge and experience from extengpracticing in the past (Moorman and Miner, 1998). The
construct of “history” here is also related to eotive understanding and organisational cultugg,ie.

our case, the experimental culture of particle fsys

- Reflective Spontaneity:“Reflective spontaneity” is a paradox expressaajhocexperimentation
(spontaneity) ancpost hocrecovering of rationalisation by the collective,eMk’s retrospective
sensemakingWeick, 1993a). Improvisers often have no choigetb engage with the situation with

no time for thorough reflection, and the significarof the action is often only (re)discovered atfter



event. As Weick (1998) suggests, “to improve memsryo gain retrospective access to a greater
range of resources”. Retrospective sensemakingcV&b93a) can thus provide order, purpose, and
coherence (Barrett, 1998) to practicegradl-and-error or bricolage (Lanzara, 1999). Meaning can
arise fromex-post interpretatiomnd sensemaking by a number of dispersed agatitgr than from

ex anteplanning and implementation by a central desiditéd.). Such sensemaking can be facilitated
by transient constructgibid), such as “makeshift artefacts, recombinemtitines ... ephemeral
organisations, disposable symbols, fugitive measfiitigan can sustain some continuity and stability.
Milestones and deadlines, for example, may seresethpurposes. Thus, at the macro-level, an
unfolding improvisational performance and the reftens on it, give rise to aamergent orde(Miner

et al., 2001) which in turn can be drawn upon theot (Orlikowski, 2000).

Paradoxes of Organising

Paradoxes of organising reflect tensions betweertraloand flexibility (Lewis, 2000), formal and
informal, integration and differentiation (Chae a@dodgood, 2006), denoting “an ongoing process
of equilibrating opposing forces that encourage mitment, trust, and creativity while maintaining
efficiency, discipline, and order” (Lewis, 2000)w® paradoxes from the literature are summarised
here asPlanned Agility and Structured ChaasThe former underlines the tension between the
deliberate action of planning and the uncontropeatesses of drifting and unfolding; the latteersf

to the tension between chaotic day-to-day practioesminimal structures.

- Planned Agility: As Weick (1998) puts it, “improvisation is a mix¢uof the pre-composed attie
spontaneous Miner et al. (2001) suggests that organisatioas plan to improvise and routinise
processes to stimulate improvisation, without tbiia content of the improvisation being planned in
advance. This is related to what Baskerville (20@8¢rs to asrtful planning Degrees of planning
for improvisation encompasses two aspects; clemtigulated goals (Barrett, 1998; Crossan et al.,
1996; Orlikowski, 1996), and milestones and actieadlines (Cunha et al., 1999). Clearly articulated
goals can provide a sense of direction and shei®dn, often operating via culture or ideology
(Mintzberg, 1995; Weick, 1993b), and serve as agmedic field which, without prescribing
individual action, is strongly normative in shapisgch action (Cunha et al., 1999). Short-term
milestones and deadlines buddsense of momentum and urgerfeyg. Crossan, 1998; Hutchins,
1991; Mirvis, 1998) and sustain a “stateflofv’ (Hatch, 1999). They provide opportunities to keep
track of the variations between dispersed innoeadietions and priorities within the collective gdal
other words, even though day-to-day practices neayriplannedad hog anddrifting (Ciborra et al.,

2000), minimal strategic planning and managememiecesure that this is oriented towards the goal.

- Structured Chaos Organisational improvisation might be seen asrenfof “organised anarchy”
characterised by problematic preferences, unckmblogy, and fractured participation (Hutchins,
1991, Cohen et al., 1972). Cunha et al (1999) sig@einimal structuré to express the controls



desired to achieve improvisations that progres®q€an, 1998; Orlikowski, 1996; Weick, 1998).
Minimal structure refers to a shared sense of yutegms and identity among members of a
community of practice (Brown and Duguid, 1991), amdich can be drawn upon by members to
mediate theirknowing-in-practice(Orlikowski, 2000), yet allow them to depart fronanonical
practices and initiate changes. abllateral structure provides non-intrusive support to learning
communities allowing space for fluid and interptiea practices to take place across boundaries of

groups (Cunha et al., 1999).

Minimal and collateral structures allow the cultiea of anexperimental culturéCunha et al., 1999)
or pro-innovation culturgMiner et al., 2001; Mirvis, 1998; Weick, 1998)hieh nurture individuality
through features such as tolerance to error (Bart®98; Crossan, 1998; Hatch, 1999). Weick
proposes andesthetic of imperfectidnas an important condition for improvisation, bésen an
“estimate of the degree of organisation and forat tould have been extracted retrospectively from
the materials at hand, given that they were geeéray a fallible human being acting publicly under
time pressure, with fallible tools” (1999). Lanz4d£99) similarly talks ofractures, discontinuities,
inconsistencigsdeviations from current routines and puzzlingrandom behaviours in innovative
processes. Yet imperfection and murkiness can eynbeadlutionary opportunities for novel practices

and forms, and lead to further productive combaretiand transformations.

Paradoxes of Belonging

Paradoxes of belonging emerge “because actorsesfov both self-expression and collective
affiliation” (Lewis, 2000). This tension is partieuly distinctive in improvisational activity, begse

by nature members of an improvisational collectiead to be self-driven, intelligent and creative
people, yet they also have an acute appreciatatrsticcess relies on collaborative effort. It i®tigh

trust and mutual support that they acquire confidesnd strength in face of pressure and challenges.
We adopt under this category Mirvis’ (1998pllective Individuality and Anxious Confidencge

enriching them by linking them to organisationapinovisation literature and theory.

- Collective individuality: Creativity andindividual skills (Barrett, 1998; Hatch, 1999; Kamoche et
al., 2003) may be encouraged and supported, bividioél freedom is inevitably bound by a level of
group cohesiorin order to achieve a collective goal, especialhen task complexity is beyond the
cognitive capacity of any individual (Hutchins, B99Neick and Roberts, 1993). As Weick (1998)
puts it, “discussions of improvisation in groups auilt on images of call and response, give ake, ta
transitions, exchange, complementing, negotiatinghared sense of the beat, offering harmonic
possibilities to someone else, preserving congnoit mood, and cross-fertilisationFacilitative
leadership (Barrett, 1998; Crossan, 1998ust (Crossan, 1998; Weick, 1993a), arllid
communicatior{Miner et al., 2001; Orlikowski, 1996) nurture gmpperformance. Such emotional ties

do not have to stem from self-disclosed intimactfbam shared actions, “hanging out” and a sense of



membership in the collective (Barrett, 1998).

- Anxious confidence Emotional ties also serve to provide a “safety-fr members of a collective
to cope with anxiety, or to deal with the affectelement in their performance (Cunha et al., 1999).
Ciborra (2001) considers improvisation itself asi@d and contrasts it with conventional moods of
the systems development context such as panic redbm, both of which fog vision and conceal
possibilities for action. Mirvis (1998) suggestnkious confidenéeas the means to live with the
ambiguity, complexity, and challenges of workingaim improvisational collective. Similarly, LaPorte
(1996) (cited by Weick et al., 1999) speaks pfideful wariness’when discussing air traffic
controllers. While Mirvis focuses mostly on indivia capability and confidence, confidence is not
only experienced through individual knowledge akdlss (Hutchins, 1991; Moorman and Miner,
1998; Orlikowski, 1996) but also in aspects of migational cultures, such as a history of innovatio
and ‘aesthetics of imperfectibnWeick, 1999), which can be drawn upon as “ledriveays of

thinking and behaving” (Moorman and Miner, 1998).

Paradoxes and Enacted Emergence

The improvisation paradoxes explored above embodgemse of tensions found in an agile
performance, particularly in a distributed conteké. capture the dynamic duality we adopt two of
Poole and Van de Ven'’s (1989) four modes of workinth paradoxes — to first accept the paradox
and use them constructively, and then introduceva term or concept to resolve the paradox. In this
spirit we propose the term “enacted emergencedttrgyy a paradoxical and agile performance that is

both constructive and emergent.

Indeed, it is often pointed out that informatiorstgms development is an emergent socio-technical
activity (Baskerville and Pries-Heje, 2004; Chaal d&pole, 2005; Orlikowski, 1996; Truex and
Baskerville, 1998). The improvisation-paradoxesed@ped here juxtapose and reveal the seemingly
opposite elements of such improvisation, and caealethe tension between environment and history,
spontaneity and reflexivity, unfolding and plannipgactices and structure, individual and colleztiv
and anxiety and confidence. These elements aredbtagether in a constant mutual constitution.
Enacting elements on one side of Table 1 givetdselements on the other side, for example, high
level planning, direction, and minimal structureoyides the support, freedom and safety-net for
people to explore through trial-and-error, impreyisand innovate. Seen the other way, seemingly
disorderly and chaotic day-to-day practices candypece order, direction and meaning through
retrospective sensemaking. Individuals encouragedntbrace their individuality and thinking free
cultivate a culture of democratic meritocracy, whal high level of creativity and competence, as wel

as common goals can inspire trust, commitment ahghtarism.

Collective agility is then a phenomenon of enaatedergence in the sense that, while rooted in

creative human agency, i.e. the improvisationaktas (including the dimensions of planning,



organising and structuring) of knowledgeable arftective social actors (individuals and teams),
agility is an attribute of the distributed colleithat emerges from the paradoxes and exists as a
combination of intended and unintended consequenfciégese activity. In the following sections, we
examine in detail how the particle physics commuaitact these improvisation-paradoxes and sustain

a level of collective agility.

3. Research Methodology

The Large Hadron Collider Computing Grid (LCG) pams a distinctive case of distributed systems
development (Venters and Cornford, 2006). This woduses on the UK’s component of the project
— GridPP. Core data collection took place from 2@02008 and included participant observations of
weekly meetings, various UK and international GRd®orkshops and meetings, and relevant
conferences. We had full access to the GridPP gd@aomentation, and subscribed to its main mailing

lists.

Forty eight semi-structured qualitative interviewofs between one and one and a half hours were
undertaken at universities across the UK and at NCERGeneva. Table 2 provides details of the
research activities undertaken while Table 3 shaasmmary of the principal interviewees. Sampling
was based on functional groups of GridPP, staftiomyp the Project Management Board (PMB) for an
overview, then proceeding to representatives fréva three main activity areas: applications,
middleware and infrastructure. Another group oéimiewees were users from the LHC experiments,
many of whom were involved in some developmentviids. We interviewed managers and technical
experts of the LCG at CERN to contextualise oureoletions. This showed that the practices of
GridPP were not unique to the UK but have rootaririnternational Particle Physicist culture. When
necessary, interviewees were revisited. Interviewgse audio-recorded, transcribed and coded for
analysis using the Atlas.Ti software, though ngidty so as to avoid being restricted by the sofeva
Data analysis was closely integrated with thecaétievelopment in an iterative process, one feeding

into the other.
[Insert Table 2 about here]
[Insert Table 3 about here]

We identify three stages of data analysis. The s open coding of the data, labelling aspecthef
project, practices, and emerging ideas (Table 4vstam example). This exercise, combined with the
embedded understanding acquired by the researfrbenssecondary material and during participant
observation, provided an appreciation of the comiplef the project and gave a sense of the tession
inherent in such work. For example, experimentaysptists were not always keen to follow
procedures. Similarly, while there might seem teh®valent adhocracy and frequent fire-fighting, th

project was unified in their confidence that theteyn would work. With these broad ideas in mind,

10



our theoretical exploration led us to the literatof organisational improvisation, which has arggro
resonance with the data, and already entails adpgiGal dimension (Weick, 1998). This process

gives rise to a draft analytical framework of imygisation-paradoxes.
[Insert Table 4 about here]

In the second round of data analysis, we used tmeeptual constructs of the improvisation-
paradoxes as categories to set up and iteratigéhercode families in a way similar to axial caglin

grounded theory (Corbin and Strauss, 2008). Thesiescwere presented in a network view, and
relationships between the codes were identified. rBlationships were not understood as indicating
causality. These “networks” were verified and midifagainst further observations and interviews.
This was an iterative process until the key coneaptonstructs were sufficiently refined and
saturated. We verified our findings with a survagt reported here, which largely confirmed the

themes.

In summary, the analysis reported here is the reduterative reflections and ongoing discussions
within the research team and with GridPP membaitbger than a narrow machine-derived account —
our own engagement with organisational improvisatad sensemaking. While all the quotes given
here are taken from interview transcripts, the sdeave also been significantly reinforced by infafrm

conversations and participant observations.

This is not to say that the GridPP community isfiadiin their opinions. Tensions, conflicts and
different views are inevitable in any undertakirfghis scale. Nevertheless, the research atteropts t
capture the distinctive features of GridPP, and tiicount has been broadly supported by three

GridPP PMB members who were presented with thdikeijngs of this paper.

4. The Particle Physics Grid

In April 2010 the Large Hadron Collider (LHC) pafaé accelerator at CERN, the European
Laboratory for Particle Physics, started againradtgroblematic public launch in 2009. The LHC
collides Hadron particles at energies close todlaighe Big Bang in a search for the elusive ‘ldigg
Boson’ particle believed to be responsible for eratiaving mass. These collisions will produce data
for the four LHC experiments. Since the Higgs-Bosooonjectured to be extremely difficult to find -
likened to searching for a “needle in twenty millibaystacks”, the number of collisions, and the
subsequent data produced, is vast. The LHC enwdgagelucing 15 million gigabytes of data a year -
equivalent to a DVD every 15 seconds or 1% of 2§le6al information production (Lee et al., 2006).
To store and analyse this data the LHC requiregdoévalent of 100,000 PCs spread across the globe
and working as a Grid (Britton et al., 2004).

A grid from a technical perspective is a computpigtform for coordinated resource sharing and
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problem solving suitable in data-intensive and cot@fintensive applications (Foster et al., 2001). A
grid connects and coordinates diverse distributetireeterogeneous computing resources, presenting

itself to users as though it was a single resource.
[Insert Figure 1 about here]

The GridPP project started in 2001 and has two mdiivities: developing software to allow users to
submit computing jobs to the LCG, and developing aperating the UK’s component of LCG.

GridPP is involved in developing applications aniddteware (the grid's ‘operating system’) as well
as providing technical infrastructure includingratge and processing units. As shown in Figure€l, th
LCG has a hierarchically tiered structure, withrTdeat CERN, Tier 1s consisting of the national IT
centres in each of the major countries involvethaproject, and Tier 2s being the regional ceritres

each country. GridPP consists of the Rutherfordlégpp Laboratory (RAL) as the Tier 1 centre, and

four Tier 2 centres, each coordinating a numbengiftutes in their region.
[Insert Figure 2 about here]

GridPP is managed, as with the wider LCG, by wha mterviewee described as a “democratic
meritocracy”. Figure 2 shows GridPP’s managemenmicgire which is best described as a network
than any sort of hierarchy. The PMB is the hearthef network coordinating the project. It provides

quarterly reports to the Collaboration Board whatmsists of representatives from the 19 institutes.
The patrticipating institutes enter the collabomatiwot under any legal obligation, but bound by a
Memorandum of Understanding which specifies thewamof resources and the level of service that
each site is expected to provide, and the fundimthsaupport they will receive from GridPP in return.

This document serves as a “gentlemen’s agreemadtthere are no formal lines of authority between
GridPP and the member institutes other than thialmarative relationship. Decisions are made on a

democratic or consensual basis and implementedflaeice and persuasion.

Developing LCG has been seen from the start agjlyhdistributed, complex and poorly defined
systems development challenge. Cutting edge haedauad software is used, new software standards
have to be negotiated, and middleware along witlda range of supporting software, developed in a
range of countries and programming languages. L<d&veloped with close involvement of members
of the user community who exerts strong influennd aressure for the completion of a working

system, which has to be achieved with limited tand resources.

The system development practices used within Grigi®Bdly coincide with the general principles of
agile methods; “individuals and interactions oveogesses and tools; working software over
comprehensive documentation; customer collaborati@r contract negotiation; and responding to
change over following a plan” (Fowler and Highsmi#©01). A technical expert with experience of

GridPP described it as a “bottom-up approach”.
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The systems development practices observed ircéisis are similar to those described by Baskerville
and Pries-Heje (2004) as “short cycle time systdev&lopment”. Table 5 compares similarities and
differences between the practices observed invibestudies. The final column of the table indicates
underlying organisational implications related ke tidentified practices. Beyond these similarities
with other agile or short-cycle development pragjesbme challenges and characteristics of LCG and
GridPP are distinctive, in particular, the scaletld system and the distributed nature of its own
environment raises demands for scalability andraperability. For example, LCG draws on several
regional grids in Europe, North America and Scaadia each using different middleware stacks.
Within the European project, the middleware is madsed and its components developed in a
variety of programming languages. Middleware redsaare tested in small-scale pre-production
systems but they tend to be problematic when imefeéed across the whole system. The Grid
therefore evolves as advanced users actively erigaggng, testing and reporting problems. System
development cycles are not only simultaneous orlapping activities of development, testing and
use, but also include complete parallel solutiofsciv compete with each other. Finally, there are
tensions around whether the Grid should be geeaocgh for other communities of users (which it is
in part funded to be), or whether it should beotaitl to particle physics (the main users and
developers); and tensions between the powers térayadministrators of local sites, who might wish

to prioritise the needs of their local institutegdahe requirements of the LHC experiments.

[Insert Table 5 about here]

5. Enacting Paradoxes

The enactment perspective proposed by Weick (19d@yests that organisations “construct” their
environment before they “respond” to it or try tntrol it, and this can be understood as a proskss

interacting and sensemaking. Enactment embodiesémse of action and of creation. In this case, th
particle physicists “reconstruct” the task of bunilgla new distributed technology as one that they a

largely familiar with — a distributed experimentallaboration — and it is seen as just another tiask

they have to complete in order to achieve the shgoal — doing new physics.

As introduced above, we frame the systems developraetivity in GridPP as an organisational
improvisation that is animated by various tensioW8e present our analysis, drawing on
improvisation-paradoxes but in a slightly differsejuence to Lewis. In this case we see the nature
the grid development as being fundamentally dribgna sense obelongingand start with this

concept. We then move to paradoxesmfanisingand conclude witkearning

5.1 Belonging to GridPP

There is a sense of a strong community bond amamdP8 members, which we express in the

concept ofcollective individuality(Table 1 & 6). Most members of GridPP are partjabgsicists or

13



have a physics background. One consequence israbers are motivated by both a shared history
and a shared goal. This goal is not to build a,drid to discover new physics. They work for thenea

vision despite strong competition between similgregiments. As commented by one interviewee,

“l said | was proud of being a particle physicighjs is because particle physicists always get
the job done; by and large because they are drivenne fundamental thing. They want their
experiment to work when the beam gets into theleeter, okay? And that transcends

everything else they do. ”
Coupled with the shared goal is a high level afttas shown very clearly from the interviews:

“Everyone trusts each other to be doing the beay ttan... That fundamental trust drives our

particle physics group. ”

“You have to trust that people will step up... andtte dirty work as well as doing the

glamorous work.”

Particle physicists have been encultured aboveéoatespect intellectual capacity (Traweek, 1988).
With a high level of trust, people generally enppyigh level of autonomy at work, usually without
clear instructions or strict supervision. Indivitsiwill try to solve a problem, develop softwareijtes

a document, not because their line manager tola tfoe but because they felt that it was something
useful to do. Individuals are driven by individuadotivations — but they also desire that their
contribution be recognised as valuable. Key tedugiek in particle physics have emerged in this
manner — with the main analysis system for stopadicle physics events (called “Root”) began with
one developer trying to solve a problem in a new without institutional support, similar to their
development of the Web. As one senior CERN employle® shared an office with Tim Berners-Lee
recounted:

“Tim had the freedom from this hierarchy, to spemdit of time investigating something
which was of interest to him and nobody else hei@ s ‘oh it's a waste of time, never mind’.
He was working on remote procedure calls, and éitt opped the web”.

With members based in disparate institutes, itripdrtant to develop social and emotional bonds
among individual members. The deployment team dies/a good example.

“We have to work very well together as a team, ntheo for GridPP to be successful. And ...

it's quite a complicated structure - there are npldt channels of communication, some of
which are duplicated some of which are contradigtaand there are all sorts of ways in

which information flows. And anything that you @into oil the cogs of the machine is going
to help. ... And | think for us to socialise togatls a very important thing.”

“Going to the pub” when and wherever they meetrig aspect of this since it “fosters a bond”
between people and allows them to discuss thestrations caused by the size and complexity of the
project. During such social occasions work is ifMaly discussed, people “let off steam” and
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negotiations are made. These social meetings aoeadip and between them the constant
communication through video conferencing, email,ssaging lists, blogs and instant messaging
continue. Relationships develop between parties dve never met. Many attend the regular video-
conference meetings simply to get a feel for theddi and a sense of connection — often having the
meeting running on their computer while undertalotiger tasks.

Communication supports a moodanfxious confidencélables 1 & 6), that mediates the pressure of
the LHC switch-on and of showing the UK in a goight among the worldwide particle physics
community. Along the way GridPP has to face manglamned-for occurrences and environmental
turbulence in funding, human resources, externdliaternal technological changes, hardware and
software configurations, technical requirementsrfrine experiments, computer market conditions,
and other institutional and political factors. ledethe project is “committed to something thasritt
quite funded” (PMB member) and in March 2007 wdlecated only 70% of the anticipated funding
for Phase 3 (2007 to 2011), which resulted in supposts being cut. Nevertheless, the collaboration
remains committed, engaged, and always “just abouttop of things. They may appear to be
constantly fire-fighting, discovering problems, raging crises, and negotiating solutions. But almost
everybody in the collaboration who we interviewedddha firm belief that the Grid will work; maybe
not perfectly, but it will work.

A significant source of their confidence thus residh a belief in the individual skill, competerared
pragmatic creativity of physicists, as well as higtergy physics’ formative context of collaboration
While GridPP employs people from other fields, tiority come from this “elite science” (Traweek,
1988) which is highly competitive to enter. Whekess about the likely success of LCG, a technical
coordinator boils it down to cleverness:

“...because we are very clever people, we have a slear and determined goal, we will
make it work”.

Another source of confidence resides in the comtyisnliong history of success in computing. CERN

for example accepted the problems of working witg-production supercomputers from the days of
the CDC 6600 through to the CRAY X-MP (Jones, 20Q4ter they pioneered work on the Web

(Berners-Lee and Fischetti, 1997), shifted earlyge Open-source (Linux) server-farms, all drivgn b

the need to do physics. Grid computing, it seesigist another minor computing waypoint on the
route to the truth about the universe. Equally intgatly, the particle physics community enjoys an
organisational culture which appreciates “the asithof imperfection” (Weick, 1999) and accepts

failed attempts as part of a bigger process, fogfehe confidence of individual innovators.

5.2 Organising GridPP

Planned agility(Table 1 & 7) refers to planning to improvise amdgaring for change. In GridPP it is
recognised thaad hocpractices have to be supported by some finanta@nmg, risk management,
project milestones and resource allocation mechai$or this reason extensive Gantt charts and
schedules are produced, often in a preparationef@arch funding council reviews, but also serving
as a minimal structure for the project. While ajpcbmanager was only appointed on the insistefice o
an IT industry representative sitting on the OwdrsiCommittee, and the PMB finally settled on
appointing a particle physicist (and “friend” ofi@®PP) to the post, this role is now accepted asi@ru
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to keeping the project on track. This is not howewesay that the PM role focuses on traditional
project management. Considering GridPP as in geree “experimental” and undertaking “green-
field research”, the PMB focuses on supporting jastifying change as at the core of their minimal
planning process.

“We wanted to establish the fact that we had tightrio change our deliverables. So we set
up this project map and we set up the formalitgh@fnge forms. So this was to formalise our
freedom to change the project ... yes, we had afseililestones but you know, we had a
mechanism to change them because we have to lmnsdgp. ”

Although schedules are constantly in flux, the @cbjseeks never to lose sight of where they are and
where they are heading.

“...people are looking at the overall targets of whgreople are trying to get to, rather than
monitoring people on a daily or weekly basis. SeMeoking for overall trends more than
very small time-based ones.”

The project maps and schedules, change forms, aadegy reports are tools designed to achieve
various paradoxical goals; to display rationaliseder, to acquire legitimacy, to cope with changes
and to support or legitimise spontaneity. They gisavide impetus to carry the project forward, even
if the plan is tentative and has to be made realutfh day-to-day sense-making and actions. This
proactive mode of management is combined with etissamode of daily trouble-shooting:

“We do everything we can in terms of advanced glapnso we have a staggered
programme of sites in migrating, things like thBsit ultimately what dominates is when we
have done something that has gone wrong, or sontetias broken, or something doesn't
work in experiments, or something like this, andwaee to try and solve that.”

In other words, there is a plan to improvise, muggd processes to stimulate improvisation and
observation of their own improvisational activitiédliner et al., 2001). As one of the technical
coordinators described, with an extended metaphor,

“You need your head in the clouds to see the litupe, but you very much need your feet on
the ground because you have to put one foot int fobrthe other, and day to day we keep
putting one foot in front of the other....”

Structured chaogTables 1 & 7)means providing a minimal structure to support oe@ation.
GridPP is a collaboration of institutes who worlgdther under a Memorandum of Understanding.
Management in GridPP does not rely on verticalslinoE command, and while there is an extensive
structure of management boards, committees, ahditssd groups, they serve more as communication
channels than hierarchies of authority. Managealas in the collaboration serve most of the tirme a
representatives, spokesperson, or coordinatinglitédors, and when decisions (e.g. financial
planning) have to be made centrally at the PMBhsdecisions are open to scrutiny by the full
collaboration. Most importantly, there is enormoespect to the technical knowledge at the grass-roo
level. As one previous group leader stated:

“There’s no strict hierarchy [...] the group leaderodsn’'t get to say what to do.... We
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recognise it's the younger people that are muchranand they're going to be making the
papers ... So it's kind of a federation, club... of smmaademics who all want to do it and
everyone trusts each other to be doing the best tan for the experiment. And that
fundamental trust drives our particle physics gréup

Different solutions often compete with each othdthin the collaboration for a while until one of
them wins by forming more alliances or others di@inatural course e.g. due to technical failures,
low up-take, lack of funding or other circumstancéée technical systems then emerge from
“contests of unfolding” (Knorr-Cetina, 1999):

“The cream comes to the top. Things that work wih and that's how we worked it. (...)
Nobody knew what the right approach was so yosdrmeral approaches and some win, some
lose.”

The “natural selection” of technical solutions,described by members of GridPP, allows elements of
the Grid to emerge from dispersed and localisedtipes without an arbitrary or centrally imposed
decision-making process. Although the middlewareleéseloped by a European Grid development
project (EGEE) centrally coordinated at CERN, itn®dularised and each of the components is
prototyped, released, deployed, tested, and imgravean evolutionary manner. Beyond this core
software there are often parallel technical sohgifound in the project, such as some components of
the middleware, or other software packages devdldpeally to help deploy, monitor, or manage
aspects of the Grid. The Grid environment thus istef a mixture of “ecosystems”, in which
multiple technical solutions co-exist and even cetap Political influence and vested interests are
reflected in such competition, but do not dictatecomes. This is not to say that politics does not
exist, but it is dispersed and mediated, and tflaence of powerful actors is often dissipated, or
contingent on sound technical judgment. As an wgree commented

“Nobody, no matter, even if they were the mosttigally powerful person in EGEE, can
force a broken piece of software to be deployedabse they will lose their political influence
if they do that.”

5.3 Learning to perform

Learned improvisation(Tables 1 & 8) refers to drawing upon past expexe to cope with
uncertainties and complexity of the present. Thedrte improvise in LCG stems from the innovative
and exploratory nature of the task: the processthdse trial-and-error since nobody knows what
exactly the end product will look like or what issuwill emerge along the way. Moreover, the
complexity, scale and distribution of the projeatans no one person can have a clear idea of the
whole system (Hutchins, 1991); requirements carbetpre-specified in detail; architectures are
conjectures, and even the one centrally designedepof technology, the middleware, has to be

modularised and released gradually rather tharbig-hang manner.

Reliance on externally produced hardware and softwso creates challenges by, exposing external
technological perturbations. Relying on the EGEpruvide the middleware, GridPP face an ongoing

process of learning and adapting to immature soéiywand making it work at each individual site. For
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example an undocumented change in the firmware s#taf hard-disks included an error that had
significant repercussions for GridPP as they sted)tp isolate this irregular error among terabytes
distributed storage. Similarly the release of a nevgsion of the Scientific Linux operating systeom (
which LCG runs) created demands from some competaires to upgrade GridPP to this new version
particularly where computing resources were shaiditl other disciplines. Yet EGEE’s software only
ran on an even earlier version. Further issuesrcmdwvhen some centres purchased 64bit rather than

32bit systems, requiring two different distributsoof the software.

The response to this of those involved is not totrd, predict or formalise, but rather to respond
pragmatically and creatively at the time, drawing the down-to-earth and creative approaches
embedded in particle physics tradition (Lewis, 2000 Dahlbom and Mathiassen (1993) describe,
developers “have to interact with the environmeawtept the openness of the problem and the system
to be developed, take into account the prefereandeliefs of problem owners and users, deal with
the economical and political climate of the projextd keep in step with the changes in the kind of
technologies on which the project is dependentdlepers should be “scientific investigators” rathe
than “economic agents” (ibid.). Indeed, particleygibists clearly bring their identity as “scientifi

investigators” into computing.

“l think the people who come from a physics backga are ultimately more pragmatic in
computing. They see the computing as a tool tagelb done. And if it requires you to wrap
sellotape around it to get it to work, then theyl wirap sellotape around it... the physicists
are happier with an ad hoc solution just to get jiile done and push them through.”

One of the resources that GridPP draws upon ig fdentity as physicists, and as noted the
collaboration is designed as a physics experimémé. tradition of large scale globally distributed
collaborations (the ATLAS experiment, one of foutree LHC, has over two thousand members) and
working on a distributed basis is well establislaad provides a solid basis for improvisation in the
Grid development project. Such collaborations idelstudents, technicians, engineers and physicists.
Yet they have learnt at project management level tioorganise collaborations to be pragmatic and
drive towards solutions. In other words, the apilt improvise is the result of years of experieand
learning. Such improvisation itself constitutesusttier process of exploration and reflection which

feeds into the organisational capability to impsavi

Reflexive spontaneififables 1 & 8) indicates recovering meaning frompriovisation retrospectively.
The seemingly spontaneous practices at the low &reebalanced by a level of reflexivity maintained
by continuous and extensive communication flowsti€ea physics collaborations are managed by
what Knorr-Cetina (1999) refers to as “a fine goiddiscourse”, channelling individual knowledge
into the collaboration and providing it with a soof “distributed cognition”. This web of
communication includes a complex structure of bsambmmittees, and working groups which

regularly hold meetings including online virtual eti@g. For example, the PMB meeting takes place
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online every Monday where they discuss the stafush® project and make action plans. The
Deployment Team meets online on Tuesdays where diseyiss technical issues. There are many
other meetings taking place virtually or face-todaluring the week. Wikis, web pages and blogs are
consultation points during the meetings. More ingotty, members of GridPP subscribe to various
mailing lists that carry constant exchanges of aipdte information on problems and emerging

solutions.

Such extensive communications embody both mutualitoring and proactive sensemaking. It lies
within the monitoring, accounting, and making seofsthe behaviour and performance of the system.
Targets of service levels and regular data traresfercises test the reliability and robustnesshef t
systems hardware and software. Much GridPP dismussn meetings revolve around the results of
such tests and monitoring statistics. Interpretihg statistics is not straightforward or free of
controversy. One often hears remarks like “we havenderstand what is causing this phenomenon”
or “find out what is behind the data”. In other w@sy retrospective sensemaking is an inherent and
natural component in their process of system deweémt. There is a “humming” of the collaboration,
talking “with itself, about itself” (Knorr-Cetina,1999), which maintains a constant collective

reflexivity, as “the monitored character of the omg flow of social life” (Giddens, 1984).

6. Discussions and Implications

We examine above the characteristics of the callghe performance of GridPP that enable them to
achieve distributed and scaled agility. Improvisafparadoxes have been used to make sense of the
way that the Grid is developed. In this sectionreffect on the case material, draw implications for
the wider discourse of agile systems developmedgitpaiavide some suggestions for those engaged in

other distributed systems developments.

With multiple objectives and system developmenioraties in the community, the construction of
Grid technology is a constant engagement and redgoti between a structured process and
amethodical practices (Truex et al., 2000). Lomgitgoals, shared aims, preset deliverables, regular
monitoring and proactive political legitimisationeaentangled with an “unfolding ontology” (Knorr-
Cetina, 1999), elements of which include: pragmatitiook, fragmented andd hoc practices,
bricolage and improvised solutionspst hocrationalisation, as well as contested interesti®rimal
competitions, and democratic decision making - faledtic of resistance and accommodation”
(Benson, 1977, Pickering, 1995).

The particle physicists, while not strictly followg any pre-defined agile methods are aware of the
challenges they face and have made deliberateudrsdastial effort to achieve a suitable development
process. In other words, the agility seen hereigust an unintended consequence of loose coypling
a culture of improvisation and bricolage, intellige, trust and pragmatism. Rather it is a perfoonaan

by knowledgeable actors who draw upon and enattingoroperties of the distributed collaboration,
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such as minimal structure, flexible planning, estea communication and social bonding, all serving
to generate coherence, facilitate mutual undersigndoromote sensemaking, and to coordinate
distributed work. The agency and knowledgeabilifyreembers of the project are central in this
process. While no one serves as the mastermirtegiroject, the interaction and coordination among
them give rise to a “collective mindfulness” (Cartd al., 2004) with “a rich awareness of
discriminatory detail and a capacity for action”€iak et al., 1999). It takes real effort to mainttiis
collective mindfulness, without which distributedjildy would not be possible or sustainable.
Therefore, while agility can be described as anrgard property of the distributed collaborationgtsu
emergence is very much enacted, involving degréeeldberation and reflection, and instantiated in

day-to-day practices.

What implications should we draw from our analysfsthis case of “collective agility”? What is
presented may not be an ideal form of distributgiteasystems development — after all it is not in a
commercial environment or facing immediate safeitical concerns such as in health care or air
traffic control. Yet there is a lot we can learmoiia the perspective of organisational performance,
collective agility is about accepting what is urghogable and uncontrollable, while actively enagtin
those organisational dimensions that generate daigshto perform under such circumstances. Table
9 presents examples of organisational practices thee case that could be useful to practitioners wh
share the interest in what it takes to “be agile’the sections below, we explore further by askhey
questions ofvhen, what, who, whemnd howis such case-specific collective agiliperformed Our
implications should be taken in the round — we esgh as part of a cumulative recommendation for

those engaged in similar practices rather thas@ated concept.

When is callective agility performed?

Agility is indicated when faced with environmentatbulences, uncertainties, and an innovative or
exploratory task, as is the case with GridPP. ¥gawisational improvisations come with risks and,
for example, may not be the most efficient or affecway to tackle certain problems, despite being
preferred by a community drawing on their past sascThe particle physics community’s tradition of
experimental scientific investigation and pragmatioblem-solving means an agile approach is
“natural” rather than contrived, yet this may alseans it is “assumed” rather than “considered”.
Over-reliance on improvisation can also lead t@iplification of unexpected events and crises; self
generating a negative spiral of uncertainties aohptexities (Cunha et al., 1999). Communities
engaging in large scale and distributed system&ldpment are thus faced with the challenge of
getting the appropriate mixture of improvisatior atructure. As expressed by the concepeained
improvisation we argue agility can (to degrees) be learnt. Canities accustomed to more formal
management approaches are not incapable of achiegile performance. On the contrary, our
research suggests, organisations with establisihéthes and strong cultures to draw upon might be

better equipped to improvise than those without.tBis needs cultivation of the space and motivatio
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to diverge from or reinterpret established routir@sllective agility is performed when some “tools

are dropped” (Weick, 1993a), and surprise, risk\aadder are accepted in the community.

What is (the spirit of) collective agility?

We argue here that collective agility is suppotigda sustained mood ahxious confidenceéAnxiety
stems from the nature of innovative tasks, anthénsense of urgency, pressure and demand for speed
in problem solving. A successful innovative comntymieeds a countervailing level of confidence
which can stem from strong individual skills angbesience under demanding conditions, as well as a
history of technical success as well as appropsatgal settings. This confidence can arise in part
from an appreciation for the “aesthetics of impetiten”. An atmosphere of experimentation, trust,
shared goal, and emotional bonds provides indivédaad groups with confidence to make mistakes,

in the knowledge that failures are legitimate aad contribute to the cause of the community.

Who undertakes collective agility?

The competence of the people, the level of deteatiin and motivation, and how well the group gets
on, were identified by GridPP members as the maositipe aspects of the project. Performing
collective agility poses a high demand on individkdlls and mental attitudes. Like most profession
domains, recruits are expected to be self-motivageedd communicators and able to work in a
collaborative environment. Distinctively though, i@&P prefers people who are familiar with the
institutional culture of the particle physics commity, and who are thus motivated to step up and do
the dirty work when necessary without explicit mstion or reward. The level of commitment,
devotion and voluntarism appear higher than onéhtrogserve in some commercial contexts. While
individuals certainly have personal career intareststake, many express a sense of pride in wprkin

for a higher cause, perhaps explaining their wjliess to undertake unpopular tasks when needed.

Where does collective agility happen?

The literature suggests that both improvisation agitity are more easily performed in small groups,
such as a jazz ensemble or small development t€aunscase shows agility is possible in a large and
distributed group, when the “ambience” is righthaligh achieving this is itself a major challenge
(see also Ramesh et al., 2006). Community bondslbaviate many difficulties but require effort to
maintain. Even though GridPP members are accustamedtual meetings and a large number of
emails, they still emphasise the importance of -taeiace communication, and travel extensively to
meet up. Being reliant on delivery from many renquaetners without the authority over them is often
a source of frustration, thus the ability to exgentle pressure, to persuade and to negotiate are
important elements in coordinating a collectivefpenance. Meanwhile, barriers of communication

or an overload of information can also create ingfficies in a non-hierarchical community.
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How is callective agility performed?

As has been repeated throughout the paper, agglifyires a mental attitude to, in the words of one
interviewee, “let go of control”, yet this does mokan anarchy. High level planning and a minimal
structure are required. For GridPP this consistalighment with goals of doing new physics, a clear
orientation towards the LHC objectives, a sharetuoe among participants, and a carefully crafted
minimal structure of project management, and comoation channels to allow local “clusters of
expertise” to interact. Improvisation at the lolealel is complimented by structuring at the disitél
level to maintain cohesiveness across the projedtta create a sense of community among the
independent-thinking actors. Finally organisatiangbrovisation comes with risks. The lack of formal
planning and reflexivity may mean that exploitatmfmovel ideas and knowledge is limited despite a

great deal of exploration, thus creating “opportytriaps”.

7. Conclusions

This paper considers agile system development ipeadtom the perspective of organisational
performance, reflecting an understanding that systdevelopment processes and activities cannot be
discussed in a vacuum but must be considered imstaf how, in given contexts, they become
embodied within a set of roles, attitudes and waykiractices adopted by people — gggormance
From this case study we observe that the LHC-Gniiblds in a constant negotiation and mediation
between design and bricolage (‘working things qubgtween planning and improvisation, and
between enough success and tolerable and inseuetre. Drawing on previous work on paradox
we use a set of improvisation-paradoxes as a framew examine system development practices
within this distributed development context. Thisarhework, and the attention to collective
performance, enables us to elaborate and expl@amegits often pushed to the background in
discussions of system development, such as enventahconditions, individual skills, professional
cultures, organisational structures, communicagiatierns, and interpersonal relationships. The case
study demonstrates in this community of sciencewknd@o be most rationalistic and analytical,
systems development is actually more like an “artVisionary, experiential, passionate, agile and

emergent.

This study has limitations and thus suggests sam#d research directions. First the context of
GridPP is clearly distinctive. Experimental physiéfers an environment that in many ways embraces
an agile approach. Studies in other contexts thatbee similar themes would be useful, for example
in the various projects around the world that aswetbping national health care information
infrastructures (Coiera, 2009), or those develompstems for the cloud (Buyya et al, 2009). This
work might also suggest some comparison with thgswa which the Internet and its core systems
and services have developed using a ‘communityricedevelopment model, as well as some aspects
of the open source model (Tuomi, 2002, 2005). Withikecontext and outcomes in such domains are

rather different, the performative analysis seemkave strong resonance. We also acknowledge that
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the period of this study was one of development tasting rather than of operations and the phase
change may have significant consequence on theoagprto system development. Indeed, towards
the end of the study reported here, there weresgigat could indicate a greater emphasis on a more

structured approach within the LCG.

Despite the limitations discussed above, the domfions from this research are, we believe,

significant.

First we provide a conceptualisation of agility I{ective agility) that differs substantially fronine
more common concerns with agile methods and betgwio with an organisation’s agile potential or
capabilities. In contrast, we adopt a performatimeology and develop an understanding of agility
through the concept of enacted emergence. Agibtyus is an expression of what people do or
achieve, rather than what they might do or capaslithey hold. We argue that collective agilitg, a
an organisational performance, emerges from colleeinactment of certain qualities and processes in

the distributed community.

Second, we derive six improvisation-paradoxes ftbm literature and use them to give a stronger
conceptualisation to the work of GridPP membershay negotiate the contradictory pressures for
order and innovation. These paradoxes are useadiriine the dynamics of the agile performance; as
an expression of, and (to a degree) the resoloficiundamental tensions. It is the mutual consititu

of elements in tension that allow agility to emerge

Third, we offer a contribution to practice by dragiimplications from the case, presented as the
when, what, who, where and how of collective agiland covering both useful practices identified
and risks to be aware of. These recommendatiortdigiig the means by which collective agility
might be achieved and maintained, and offer insigtit other domains attempting to construct large-
scaled distributed infrastructure in an agile fashiFor example, Ramesh et al. (2006) assert that
distributed agility faces the challenge of commatian, lack of control and lack of trust. Our study
suggests that these may not be causes but sympfoabroader failing to understand the nature of
agility within such a context. Thus to managers wyent to achieve some of the attributes of a
collective agile performance, we suggest that comaation, control and trust cannot be isolated
from more complex and comprehensive efforts to etippnd cultivate an innovative culture within
the distributed community, and require reflection questions of balance among the various

paradoxical tensions embedded.

Finally the ‘enacted emergence’ of collective agihighlights the need for ongoing performances -
agility is not a “per project” or even less, “pdigse” activity and cannot be achieved by a top-down
“change programme”. Rather it is a performance ithegflective of multiple collective organisatidna
practices. Hence, achieving it must be a long-taspiration requiring attention and adjustments over
time, and like other institutional practices, cotiee agility may be fragile and easily broken. For

LCG it might be that the future would be differeand that contractual relationships and a reliance
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technical and managerial rationality would prewmite the LHC data begins to flow in bulk. What is
clear is that many domains where large scale diged systems are under development can learn

from this case and the paradoxical nature of cile@gility.
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Learned
Improvisation

Reflective
Spontaneity

Planned Agility

Structured
Chaos

Collective
Individuality

Anxious
Confidence

Paradoxes of Learning

Immediate

environmental turbulence (Moorman and Mine
1998, Ciborra, 1996)

task uncertainty (Miner et al., 2001)

task complexity (Hutchins, 1995, Weick and
Roberts, 1993)

Spontaneity

convergence of planning and execution
(Moorman and Miner, 1998)

drop your tools (Weick, 1993a)

trial and errorpricolage(Lanzara, 1999)

Paradoxes of Organiz

Historic

, organizational memory (Ackerman and
Halverson, 1998; Moorman and Miner, 1998;
Weick, 1998)

Routines (Hutchins, 1995, Weick and Roberts,
1993)
Practicing (Moorman and Miner, 1998; Weick,
1998)

Reflexivity

retrospective sense-making (Weick, 1993b)
ex-postinterpretation (Lanzara, 1999)
transient constructs (Lanzara, 1999)

ing

Unfolding

“unfolding ontology” (Knorr-Cetina, 1999)
“unfolding circumstances” (Ciborra, 1999)
“the spontaneous” (Weick, 1998)

drifting (Ciborra, et al., 2000),

flow (Hatch, 1999)

Practices

organized anarchy (Cohen et al., 1972)
knowing in practice (Orlikowski, 2000)
fractures, discoutinuities, inconsistencies
(Lanzara, 1999)

ambiguity (Hatch, 1999)

Planning

visions (Hatch, 1999, Mintzberg and McHugh,
1985, Hutchins, 1991, Weick, 1993b)

plan to improvise (Miner et al., 2001)

artful planning (Baskerville, 2006)

a sense of urgency (Crossan, 1998, Hutchins,
1991, Mirvis, 1998)

Structure

minimal structure (Cunha et al., 1999)
collateral structure (Cunha et al., 1999)
aesthetic of imperfection (Weick, 1999)
“experimental culture” (Cunha et al., 1999)
pro-innovation culture (Miner, et al., 2001,
Mirvis, 1998; Weick, 1998)

Paradoxes of Belong

ing

Individuals

individual skills (Brown and Duguid, 1991;
Mirvis, 1998)

creativity (Barrett, 1998; Hatch, 1999; Kamochg
et al., 2003)

Anxiety

anxiety (Cunha, et al., 1999; Mirvis, 1998)
moods (Ciborra, 2001)

emotionality (Hatch, 1999)

sense of urgency (Crossan, 1998, Hutchins, 19
Mirvis, 1998)

Collectivity

group cohesiorfHutchins, 1995; Weick and
Roberts, 1993)

2 facilitative leadership (Crossan, 1998)

trust and kinship (Crossan, 1998, Weick,
1993a)

fluid communication (Orlikowski, 1996, Miner
et al., 2001)

Confidence

individual skills (Brown and Duguid, 1991;

Mirvis, 1998)

aesthetic of imperfection (Weick, 1999)
9prideful wariness (LaPorte 1996)

Table 1. Tensions and Paradoxes in Organizationaiviprovisation
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Research Methods Examples Data Collection
Semi-structured interviews Members of GridPP, middleware developers, Audio-recorded,
members of LCG at CERN, physicist users... transcribed, coded
Virtual weekly GridPP PMB meetings Audio-recorded, notes
meetings taken, not transcribed

Participant

observations Face-to-face GridPP collaboration meetings, PMB face-to-face
meetings meetings, deployment team face-to-face meetings

weekly deployment team meetings

Many audio-recorded,
notes taken, not
‘transcribed

Site visits GridPP site readiness review Notes taken

Secondary data

GridPP publications, GridPP documents, GridPP
website, wiki, blogs, mailing lists

Frequent consultation

Table 2. Details of research activities.

Roles of Interviewees

GridPP PMB members

GridPP technical experts

Active physicists

Middleware developers

LCG technical experts

Number

Notes

12

15

11

Including project leaders, representatives of tieo major
boards, and liaisons with other partners.

e.g. Tier 1 manager, Tier 2 manager, technicaldinator,
deployment, sys-admins, other software developers

Often overlapping with othele®
Based in the UK and CERN

e.g. LCG Grid deployment, experiment integratongot
software developers

Table 3. Details of interviews
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Quotations Interviewee  Codes

I’'m trying not to use the word senior to imply th&r a real hierarchy. | Member of [collaboration]
mean people get promoted to be professor or whakemeét really hasn'’t Project [democratic
nothing to do with the way it works, okay? Thatigeirnal to the university. Management meritocracy]

So um, those people that you know, formally migtgra more senior, this is Board [flat structure]
relevant, their peers with people like [XXXX] andwknow, really rely on [mutual respect]

people like that to make it work technically. Seyte fully trusted to just
get on with it in the deployment board. Okay? Soatfairly flat structure
really. There’s no, there’s no company-like stroetaf management board
sets policy and another group sets something eld¢hen you know, down
the bottom, people do what they're told. It's nathlike that at all.

So | was going to come at it from the physicistshpof view to start with ~ GridPP [trust]

because it's very important for the physicists bheedhere's so many things technical [PP history and
that they have to do in order to be able to intrpomething that's been trueexpert (based culture]

in the data, that they have to trust what othepfebave done. And this is in the UK)

even more so when you have such big detectoredsHfE ones.

And if you go into these big bang mode where ietalou two years to put LCG [agility]
this into production, particularly in a communityieh is as unstable as thistechnical [pragmatism]
is, as uncertain as this is, where changing thenbednich is something expert (based

totally out of our control, can have implicationseywhere, this is not the at CERN)
right policy. And you have to be much more agil¢ha trends in software
engineering and agile in programming, and | am goteknow all about

that. And here you do have to do that.

Table 4. Example of quotations and coding
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Short cycle time
system development

Compared to system development practices Organizational Implications
in our case

Causes:
Vague requirement
Lack of experience

Time pressure

A collective attitude to deal with

Yes. Vague requirements because it involves uncertainty and ambiguity;

new technology and new experiments. Capability of organizational
learning;

Yes

Yes

Other causes: Capablllty to work under great
— pressure;
Faced with enormous uncertainties and I

. Distributed management
environmental turbulence.
Drawing upon organizational
Scale memories
Existing culture of the particle physics
community favours exploration, trial-and-error,

and bricolage.

System development practices:

Prototyping

Release orientation

Tailored methods

Coding your way out

Parallel development

Fixed architecture

Components based
development and use

Tool dependence

Dependence on good
people

Customer involvement

Maintenance ignored

Quality is negotiable

Yes. “rapid prototyping” Exploration, spontaneity

Result: documentation can't catch up with the
speed of changes.

Yes, “fast development”, “rigbuild” and Incremental changes
“monthly release”
Yes, or no explicit use of methogyp or Flexibility
methods.
Yes, “hacking” Pragmatism
Yes Coordination, negotiation,
persuasion

No. Driven by user requirementsich also A common goal and shared vision
evolve.

Yes. Particularly necessary due to the Coordination
distributed model.

Yes but mostly self-developed.

Yes, very much so. Democratic meritocracy, weak
authority, high autonomy

Yes. Power users use andhteslystem from Learning, community building,
very early on. The experiments develop informal communications
applications to run on the Grid, with heavy
interactions. Developers select power users as
guinea pigs, and cultivate their user
communities.

No, but it is problematic.

Yes “Aesthetics of imperfection”,
pragmatism

Other practices:
Parallel solutions competing against each othérederated structure

Table 5 Comparing characteristics of systems devedment practices with those of “short cycle time
system development” presented by Baskerville and Rrs-Heje (2004).
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Individuality Collective Individuality Collectivity

Community bonds among free-

- Intelligence thinking individuals - Shared goal of phygcs
- Autonomous - Emphasis on hanging out
- Freedom at work - Facilitative leadership
- Improvisation - High level of trust
- Hanging out
Anxiety Anxious Confidence Confidence
- Uncertainties Confidence as a - Cleverness
- Unreliable software capability to handle - “It will work”
- Pressure from CERN and from anxiety - History/organizational memory
users - Aesthetic of imperfection
- Funding shortage
Table 6 Paradoxes of belonging in GridPP
Unfolding Planned Aqgility
Planning
- Adhocracy Planning to improvise; o
- Constant changes and adaptation NG 10 IMPTOVISE, - Common goal/shared vision |
- Exploration preparing for changes - Memorandum of Understanding
- Flux - Deliverables
- Milestones
- Project map
- Quatrterly reports
Practices Structured Chaos Structure
- Bottom-up approach - Charismatic leadership
- Competition Providing minimal - Collateral structure
- Democratic discussions - Limited hierarchical command or
- Natural selection of parallel structure to support authoritative management
technical solutions improvisation
- Transparency

Table 7 Paradoxes of organizing in GridPP
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Learned Improvisation History/Culture

Environment/Present

Drawing upon past experience - Pragmatic approach
to handle uncertainties & - Computing expertise/successes in PP
complexities of the present - Tradition of distributed collaboration
in experiments

- Complexity of the Grid (multiple
Grids, multiple groups of users)

- Technological uncertainties

- Time constraints (pressure of speed)

Reflective Spontaneity Reflexivity/Learning

Spontaneity

Recovering meaning from - Active informal face-to-face
actions retrospectively communication
- Mailing lists, blogs, wiki,
- Frequent multiple meetings, on site and
virtual
- Testing and monitoring

- Agility

- Fast, incremental changes
- Short cycle development

- Trial and error

Table 8: Paradoxes of learning in GridPP

- Draw upon past experience to handle new tasks;
- Continuous reflection and learning;

- Extensive communications within and between difiergroups, with an emphasis on face-to-face
informal communication;

- Work with power users; cultivate user communities;

- Project leader articulates clear vision and shgoads;

- Use high level milestones and deliverables to ereaimentum, but be ready to change them;
- Share knowledge by mailing lists, wiki, blogs, etc;

- Cultivate community bonding and shared identity;

- Develop trust, loyalty and mutual support;

- Motivate and rely on good people;

- Maintain high level of transparency within the @t

- Allow mistakes and unsuccessful explorations;

- Allow parallel solutions to compete with each othéren resources permit; it might be a faster arfer sa
way of achieving a goal.

Table 9. Key organisational practices in GridPP
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Tier 0 CERN Computer Centre

Tier 1
National centres Germany ltaly e

Tier 2
Regional groups

Tier 3
Institutes
Figure 1. Infrastructure of LCG (Including GridPP)
Review
Oversight Collaboration
Committee Board
(Institutes)
Tier-1 Board
Project

Provision Management Utilisation
Board

Tier-2 Board
Deployment
Board

Arrows: formal communication
channels.

Dotted line arrows: occasional formal Action
communications

Figure 2. Organizational chart of GridPP (Adaptedgraph from the GridPP website)
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