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Abstract

In this paper, we develop a sociomaterial perspector appreciating tensions between different
technological regimes in digital innovation. Ourseastudy research specifically looks at the
tension between the deep-rooted component-baseddbgvo automakers’ innovation practices
and their attempt to introduce a new software aetture based on service orientation. Our
evidence suggests that digital architectures neadaterialize and be shaped in a dialectical way
in the mangle of both existing regimes. We argae the threesome dance of physical material
agency, digital material agency and human agenceyelain this finding and yield implications
for our understanding of digital innovation in theaditional industries. Digital innovation is a
result of a dialectical process, resolving varioedements of resistance, subjection, and
accommodation across the three types of agency.

Keywords.  Innovation, Sociomateriality, Service oriented detture (SOA), Software
architecture, Software platform
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I ntroduction

Computing and networking capabilities are of ineiieg importance to product innovation in industrgegh as
avionics, automotive, and consumer electronicss Tiportance is not only manifested in increasipgnsling on
digital technology over the last 20 years but dlsdhe emergence of new business concepts turniirygigal
products into digital products and services (Anslenset al. 2008; Barabba et al. 2002; Jonsson &08B). The
digitization of products, what we refer to digital innovationin this paper, creates new waves of organizational,
technical and cognitive challenges in organizatidfeo et al. 2008).

In particular, the digitization of physical prodsictentails inherent tensions between a long-estedulis
manufacturing paradigm that is hardware-based aneingerging software logic that is service-baseddfadasson
and Henfridsson 2009). We trace these tensiondhdocb-existence of two heterogeneous innovatiommes
(Godoe 2000) with different social structures agxhnical materiality (Orlikowski and Scott 2008¢karing 1993).
On one hand, the manufacturing paradigm is chaiaeteby an innovation regime centered ammponent-based
modularity (Garud et al. 2003). With physical components asaterial basis, modularity has proved useful i th
design of complex systems, such as cars or airplame establishing interdependence within and irddpnce
across product components (Baldwin and Clark 1@8i¢ch 1995). Furthermore, it provides a templaiéwwhich
social structures with suppliers and sub-contractoe established. It further facilitates speciion and division
of expertise in a hierarchical way. Such hierar@h@ontrol, combined with modular design principléxilitates
flexible coordination of loosely coupled businessl asourcing relations (Sanchez and Mahoney 1996)th€
contrary,service-based modularifg an innovation regime that seeks to unbundlensoé modules from physical
constraints by promoting architectures that arepmthdent from specific platforms (Allen 2006). Diiagvon the
materiality of software-based computing and commaton capability (Zammuto et al. 2007), servicedsh
modularity facilitates new forms of social struesirbased on coordination among distributed anddggaeous
actors. Generic platforms and reduced communicatiosis allow for integration of previously unconteec
activities and artifacts (Yoo et al. 2008), tappintp a new source of creativity in product des{Yoffie 1997;
Zittrain 2006). Together, computing and communaatopens up for radical “reconfigurations of anabished
system to link together existing components inw& nay” (Henderson and Clark 1990).

In this paper, we examine the tension between coemiebased modularity and service-based modulastyn
important consequence of digital innovation in #iea of car infotainment system. Appreciating ihabvation
regimes would not be developed, maintained, or fiemivithout social practices (Godoe 2000; Nelsnd ®inter
1982), our analysis is geared towards the waytttigttension plays out in the social practice afduct developing
firms. In doing so, we draw on a sociomaterialitgrgpective (Orlikowski 2007; Orlikowski and Scoth(3,
Pickering 1993) for analyzing the adoption of seevbased modularity into innovation practices ctirized by
component-based modularity. A sociomateriality pecsive enables us to see innovation as a contindisectic
process throughesistanceandaccommodationi.e., amanglingprocess. In extant research, sociomaterialitydens
have been employed to study the introduction aflsitechnologies (Orlikwoski 2007, Pickering 199995). Our
work extends earlier literature on sociomateriality examining the tension between the two differmateriality
regimes and their interplay with human agenciegligtization of products unfolds. In addition, weta that
digitization do not lead to a replacement of ongime for another. After all, despite increasingitdigcontent,
products such as cars, airplanes, and householdaggs will always consist of physical parts. limer words,
digital innovation entails the co-existence of deatiomaterial practices, forming an emerging @pntition of
sociomateriality blurring the boundary betweenphgsical and the digital.

We conducted case study research (Yin 2009) adtwomakers, CarCorp and Autolnc, where a new setvésed
architecture, MOST (Media Oriented Systems Trarn}pwas introduced to facilitate digital innovationthe area

of infotainment systems. Through data collectionthmds such as semi-structured interviews, partitipa
observations, thematic workshops, and documentysisalwe explored how these two innovation regimese
clashing in the dynamics of sociomaterial practéegoroduct innovations. Our study illustrates hdwe tdesign
vision, grounded in service-based modularity, comfed persistent resistance, grounded in the pgisti
sociomateriality of component-based modularity, dmalv designers had to accommodate the materiafity o
hardware components throughout the design prod@essesolve such tensions, software engineers haatttheir
visions of service-orientation aside, and find sohs that reasonably aligned with the dominantmponent-based
modularity. Dialectics between resistance and acsodation, then, is at the core of continuing evolubf digital
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innovations which emerge out ohpure dynamics of mangling of two different forms of maality and human
agency (Pickering 1993).

The remainder of the paper is organized as folloW® next section provides an overview of compoibased
modularity and service-oriented computing as twamgeting innovation regimes. Then, we present soaieriality
as a theoretical lens with which we analyze theadyios of sociomaterial practice in manufacturinge Wden
outline our research methodology, followed by asprgation of our case study of MOST in the automeoitndustry.
Finally, we discuss some theoretical implicatiohthe case study.

Tensionsin Innovation Regimes

We refer to digital innovation as the new waves@fanizational, technical, and cognitive innovatmwactices that
follow the digitization of physical artifacts (cAndersson et al. 2008; Boland et al. 2007; Hen$odset al. 2009;
Yoo et al. 2008; Zammuto et al. 2007). In this relgdigital innovation can be positioned at thersection of the
technology management literature (e.g., Baldwin @fatk 2000; Garud et al. 2003; Henderson and Cl&%0;
Murmann and Frenken 2006) and the IT innovatioerditure (e.g., Fichman 2004; Lyytinen and Rose 2003
Swanson 1994; Swanson and Ramillier 2004). Thisrgimg research stream strikes a useful balancedsgtthe
physical and the digital in approaching innovation.

To this end, this section briefly describes comptiiised and service-based computing as innovagigimes.
Godoe (2000) defines innovation regimes as “priesipnorms and ideology, rules and decision-magiogedures
forming actors’ expectations and actions in terrhshe future development of a technology” (p. 1034h) this

study, we see an innovation regime as an exampiaaoigling process as it entails the materialityezhnology
being developed and the social practices in theldpment process. Following this focus on innavatiegimes,
our examination of these two forms of modularitynist intended to be exhaustive but to provide ashfs

appreciating their underlying assumptions and afte on the product innovation process.

Component-Based Modularity

Product architecture is imperative to firms op@@tin competitive markets. Accordingly, the inndeatliterature
has paid a lot of attention to different architeettypes and their specific firm implications (s=g., Baldwin and
Clark 1997; Ulrich 1995; Ulrich and Eppinger 200@ne of the most influential architectures in mactdring is
component-based modularity (Garud et al. 2003).

Modularity has proved useful in the design of coampbystems. In particular, it establishes interddpace within
and independence across product components (BaladmdnClark 1997; Ulrich 1995). It facilitates caitover
complex systems, allowing for concurrent design] accommodates uncertainty (Baldwin and Clark 2@@G0nas
1972). In this vein, modular design facilitatesguot change and flexibility (Sanchez and Mahone36)9allowing
incremental improvement of the product design diee. In addition, a modular product architectuoastitutes a
template with which social relationships with sue@ and sub-contractors can be enacted. It faimbt
specialization and division of expertise in a hiehécal way. Such hierarchical control, combinedhwinodular
design principles, facilitates flexible coordinatiof loosely coupled business and sourcing relati@anchez and
Mahoney 1996). Consequently, manufacturing firms e@mponent-based modularity to establish horizdotese
coupling between components and vertical tightgragon of the product design hierarchy. While comgnts, and
their inherent functionality, are managed autonashoby suppliers, system integration is stricthngolled by the
manufacturer.

Enabled by component-based modularity, innovatiatgsses typically follow a linear logic poweredvegterfall
models of product development (Boehm 1976; RoycgOL9Requirements are therefore gradually brokemndo
according to the design hierarchy, reflecting arifisted nature of innovation. Business objectivasrall system
topics, and significant functional properties, aranaged by the manufacturer, while the design ofpmments and
detailed functionality is assigned to highly autormus suppliers further down the hierarchy. Whilesth remote
"islands of innovation” are in a subordinate pasitiit is clear that product-lead firms are hight§iant on their
long-term generative capacity for securing competitess over time.
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Service-Oriented Modularity

While component-based modularity has its basishiysigal components, the unit of innovation in segvboriented
computing is the software service. Such servicessalf-describing, open components that suppoitl rapd low-

cost composition of distributed applications (Pajggau and Georgakopolous 2003). Rather than fogusim
controlling the innovation process through decortmos the main emphasis of service-oriented conmguis

agility. Service-oriented computing is frequentlyrippayed as a response to modern organizationsisnekspeed,
cost-effectiveness, accuracy, and flexibility witeraling with ever-changing demands (Allen 2006).

With agility as a value basis, the service-orieritgtbvation regime views a service, or a modulea asmporary
solution that is scrutinized to continuous reassess within a non-linear and relatively open innima network.

The service is a reusable unit of business-completdk (Papazoglou and van den Heuvel 2007) andliisiate

prosperity is determined by its ability to providser value. Because of their relative independerigehysical

constraints, software services can be easily reawedito deliver new functionality and user valuethis regard, a
service-oriented innovation regime enables sender@spond capability, releasing firms from the leurdof

predicting services of tomorrow. Achieving suchligirequires a service-oriented architecture (S@#gt aligns
technology with business goals (Allen 2006).

Two fundamental elements of SOA can be distinguisk&ucture and policy (Allen 2006). With serviméentation
the dominant structure is manifested in softwaaghar than hardware. Functionality is implementedoasely-
coupled software services, relatively independeminfthe underlying hardware and operating systenportant
structural concepts of SOA are encapsulation, abisdn, reusability, composability (several sersicgan be
combined), autonomy and granulation (the serviaewsFunctionality at a granularity recognized by thser).
Largely, the structural principles of SOA are iritext from earlier paradigms, such as object-origndesign
(Mathiassen et al. 2000) and component-based s@ftesagineering (Heineman and Councill 2001), butale®
recognize many concepts from component-based miitgula

As pointed out by Huhns and Singh (2005), SOA dispends on how well services can be placed intmhasive
framework. In contrast to component-based modylawhere product design and organizational desigrtightly
inter-related (Sosa et al. 2004), service-orientedhputing devises software policy to control thstribbuted
computing environment. Such policy covers issueshsas quality of service, design, sourcing and eisand
technology. For instance, sourcing policy concetims way that services should be purchased and isdppl
Important issues include whether services shouliddmurced or outsourced.

Sociomateriality

While the innovation regimes of component-based utawdy and service-oriented computing are inhdyent
different forms of modularity, physical productstivembedded computing and communication capalifitynot
escape either of them. A significant challengeigital innovation is, then, to explicate the costghce of these two
different forms of sociomateriality. As noted abpweateriality of technology alone does not detemntime fate of
innovations. In addition to different material lmgdhysical components and software), differenbymtion regimes
are characterized by different social structures itclude heterogeneous norms and values thatoplglifferently
in innovation practices enacted by actors in theouation process. These social structures are reanisly
reshaped through the interplay with technical nialigr, forming the mangle of sociomateriality thatderpins an
innovation regime.

In order to understand the adoption of servicedbas®dularity into innovation regimes characterizied
component-based modularity, we therefore turn ®litlerature on sociomateriality (Orlikowski 200@rlikowski
and Scott 2008). The sociomateriality perspectiva useful way of conceptualizing the interplaywesn human
agency and material agency in organizational liieparticular, we pick up three interrelated corisapithin this
relatively broad body of literature. First, we haagopted the idea abciomaterial assemblagelm synthesizing a
stream of research dealing with the mutual inteedepnce between social and technical elements(geeBarley
1988; Orlikowski 1992, 2000; Monteiro and Hanse®#93; Rose et al. 2005) this concept underlinestmstitutive
entanglemenof material and human agency. Drawing on new m@Etsges on agency in sociology, such as Actor-
Network Theory (Callon 1986; Latour 1987), sociokeical ensembles (Bijker 1995), mangle of practice
(Pickering 1995), relational materiality (Law 2004hd IS researchers’ conceptualizing of the mwtnénglement
of technology and human action (Jones 1998; Kabi®ni2006; Latham and Sassen 2005; Monteiro and géttans
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1995; Orlikowski 2007; Orlikowski and lacono 200Qrlikowski and Scott 2008), the sociomaterial pectiye

opposes the ontological separation between peapleéeghnology as primarily self-contained entitiest influence
each other (Slife 2004). Instead, it highlightst lieehnology is not ready-made, but shaped by hsrséinated in a
network of relations and artifacts. Conceptualizihg relations between organization and technolttggugh

sociomaterial assemblages denotes that materiacggand human agency are saturating each othéretextent
that previously taken-for-granted boundaries assalved (Orlikowski and Scott 2008).

Second, we adopt the idea that materiality can ieeved asperformed relationsrather than as pre-formed
substances. While the constitutive entanglemerdgefncy is a central element of sociomaterialitygivtes poor
guidance in understanding the role and meaningadérial agency. Unlike humans, material agentsateapable
of setting up goals that refer to non-existing fatstates and then seek to realize them. Stillstmomateriality
literature argues that we can take material agaseriously as human agency, as long as we coiitsidmporally
emergent in practiceThe contours of material agency are never dedisiknown in advance, but have to be
explored in practice over time (Pickering 1993)efidfore, material agency can be viewed as perfomalations,
emerging through impure dynamics that is “situatétthin a space of human purpose, goals, and plériskering
1993, p. 577).

Third, we turn to themangle of practicgPickering 1993) to understand how the interplayween material and
human agency shape trajectories of change. In ngwiateriality as performed relations embeddedaiosnaterial
assemblages, we have a model to understand madadahuman agency, as well as the interplay betuleem.
With the notion of ‘mangle’, Pickering underlingsetambiguity inherent in this dialectical dancehofman and
material agency. He argues that “the trajectorieemergence of human and material agency are toingiy
enmeshed in practice by means of a dialecti@sistanceandaccommodatiorfemphasis is ours)” — the mangle of
practice. Here, resistance denotes “the failureathieve an intended capture of agency in practiediile
accommodation means “an active human strategyspbrese to resistance, which can include revisiog®als and
intentions as well as to the material form of thactrine in question to the human frame of [...] so@ddtions that
surround it” (Pickering 1995, p.22). The metaphdrnmangle conjures up “the image of the unpredigabl
transformations worked upon whatever gets fed th#oold-fashioned device of the same name usedueeze
water out of the washing” (Pickering 1993, p. 568 the same time, he underlines that there arecsmwf human
agency that has no material counterpart. In argtiag humans’ ability to put intentions behind @ations is
central to the ‘mangle’ he is breaking with thécstsymmetry of actor-network theory. Our ability $et up goals
and create models that refer to non-existing fustaées is central in the formation of accommodesibategies.

The digitization of car infotainment systems thrbuge introduction of service-based modularity itreditionally
hardware-oriented product development is not dgnedincidence. It is a deliberate attempt to chasagexisting
practice, aiming for specific strategic goals. i#¢ same time, we see rich evidence that this psasesharacterized
by significant ambiguity and unpredictability. Qrigl goals tend to be significantly translated detineated in the
clash with an existing sociomateriality, i.e., tbemponent-based innovation regime. In this paper, adopt
sociomateriality as a lens to understand the tessh®etween these two innovation regimes that arehiad in
digital innovation. We argue that component-basemtiutarity and service-oriented computing can bensaes
distinct material agencies, formed in different iabaontexts. In the automotive industry, comporessed
modularity is deeply mangled with centrally coniiedl social practices. A pressing issue for firmgaged in digital
innovation is how to introduce a foreign form ofteréality into this existing mangling of sociomatdity.

In pursuing the idea of digital innovation, we ergdhe idea of the mangle of practice by noting lome form of
material agency subjects itself to human agencses @ompetes with another form of material ageimcdigital
innovation. We propose a perspective of digitalowation that builds on this threesome dance of agem the
following sections, we present a case study of awbomakers, Autolnc and CarCorp, and their attetopt
appropriate a service-oriented technology calledSWGor promoting agility and flexibility in theirelelopment of
infotainment systems. The case study will demotestitee challenges involved in developing co-exgstimultiple
practices within the same organizations and hosetlohallenges can be traced to materiality.

Resear ch M ethodology
We conducted case study research at Autolnc an@€dZpy which are manufacturing firms in the autoweti

industry that develop, produce, market, and se# oa the global market. In distinguishing betweéferent styles
of researcher involvement in case study researehwere “involved researcher” rather than “outsidsearchers”
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(Walsham 2006). In this regard, our research waspretive (Klein and Myers 1999; Walsham 1993hature and
focused on the interplay between actors and teochgalver time (Langley 1999; Markus and Robey 1988)

There were two reasons why this approach to theystéi sociomaterial practices was considered usé&iust, a
sociomaterial lens requires a methodology thatgesion the activities, behaviors, and events througch actors
interpreted the new technology over time (Langl®@@9). Earlier studies of sociomateriality (see ,eRickering
1995), as well as other forms of practice reseéealp, Schultze and Orlikowski 2004), have adotkes kind of
case-near research. Second, because sociomatesidlliis a relatively unexplored research to@aevelatory case
study (Yin 2009) can be a powerful way of illusingtthe concept and its implications for IS resharc

Our data collection can be described as a two{stepess. First, data was collected between 2002668, when
the first author conducted participant observatdAutolnc’s adoption of MOST. Apart of participaobservation,
one important data source was technical specifioatiThis early data collection was later completeewith 7
interviews involving key personnel from Autolnc’sO&T project. The initial study at Autolnc guidedr anterest
towards tensions between technological regimesigitall innovation. Second, to explore the naturetloése
tensions, a two-year (2008-2009) intensive fieladgtwas conducted at CarCorp. It generated sigmfidata on
sociomaterial practices enacted in the appropriatioMOST. Our data collection at CarCorp inclu@drecorded
and transcribed semi-structured interviews, rangieigveen 40 minutes and 2 hours. Respondents abu#ferent
roles at CarCorp, ranging from managers to devefp@and they covered expertise such as softwathitecture,
graphical interfaces, ergonomics, design, and nhaFkethermore, more than 50 work meetings at tifigainment
department were attended. These meetings were dmtachby taking extensive meeting notes. We algarézed
5 thematic workshops, focusing on different ardtiteal challenges. In addition, we studied the 3fsttentral
specifications from CarCorp’s original MOST project

The various data sources were repeatedly read @detlonith an open-ended approach to identify keyns from
major events, activities, and technology choices émerged over time (Langley 1999). At a relativedrly stage,
modularity came out as a central concept in undeditg digital innovation and the different contcdidns
following on the clash between technological reginfeollowing Strauss and Corbin (1998), we revisitee data,
doing selective coding, to verify observations degelop a theoretical understanding of the mandbetyveen two
different forms of materiality.

MOST at Autolnc and CarCorp

MOST as a Solution to Component-Based Modularity Concerns

At the turn of the century, Autolnc and CarCorp dme increasingly aware that the growing number of
infotainment functions challenged established dmwmlent practices that were anchored in componesdeba
modularity. The hitherto loose coupling between ponents did not fully make sense anymore, whenda wange

of co-existing applications required the same bassources. Speakers, displays, controls, and varsensors
simply had to be shared over the full range of taifoment applications to support customer satigfacand
economy of scale.

Following the deep-rooted logic of modularity Autoland CarCorp started to define groups of compsrterhide
the increasing interdependence within sub-syst&ffisle initially boosting functional growth, thisrategy soon
turned into a burden for the automakers. With madiyl being a central element in enforcing hierazahcontrol
over suppliers and sub-contractors, CarCorp andlAatlargely found themselves being in the handshef
suppliers. Amplifiers, radios, CD players, etc, a@med separate physical entities, but highly imemed through
various proprietary and largely unknown network®stgcols, and harnesses from a few major supplistrdoth
firms, R&D staff perceived decreasing control ofteyn design, product planners of upcoming functinaand
purchasers of the sourcing process. The rapidlseaging coupling simply had to be addressed inva way to
reclaim control and secure future growth. At thentef the century one industry-wide initiative hadhieved
enough momentum to be hailed as a solution to thesglems: MOST. A senior Autolnc systems architecall
the early discussions promoting MOST as an intergsieneral purpose network concept, supportingddmain
specific requirements and thereby further growth:

We all saw the transformation of infotainment. snva remarkable change, and growth, and new
lifecycles of the products. We needed an infrastinecto support this. MOST was [already] selectgd b
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BMW, with others talking about it. Somehow it sdoslipport this domain, with needs beyond body
[electronics] and powertrain.

The adoption of MOST was preceded by investigatams debates at the two auto manufacturers. AtlActan
official pre-study was launched, in the form of atvanced engineering project. CarCorp adopted saftemal
approach, evaluating the technology on the basistethnology review. Overall, at both companiesée different
perspectives emerged from the proc®SST as architecturdMOST as standardandMOST as a business driver

MOST as Architecture

In the mid 90th Autolnc and CarCorp successfullialelished the controller-area network (CAN) as ruvehicle
communication backbone. A wide range of artifasenéors, actuators, computing, etc) were now ioterected
via this dual wire serial bus. However, with itdatevely low bandwidth, the CAN network quickly moe a
limiting resource. The growing number of infotaimmecomponents, requesting network capacity for @udi
graphics, video and human-machine interaction (Hkuld not benefit from the CAN concept. Insteatdiausad
hoc solutions emerged, often designed by suppliersafgpecific purpose or project. With a growing nembf
suppliers and components the overall system sollt@came inherently complex and hard to manage vaheus
sub-systems simply did not fit well together.

The technology reviews suggested that MOST offeredhising solutions for the almost desperate néetracture
and reduced complexity technical fellow and later acting project maaafpr Autolnc' MOST project explain the
motives:

It was all about bringing things together. To gentrol [data], signals, audio, and, as we expected,
also video into the same bus concept. This in eshtio a mess of different harnesses and cables. It
would have simplified the system dramatically, &bk & computer you are plugging into the wall. You
don’t have one network for control signals, one $étreaming audio, and one for streaming video.
You've got ONE Ethernet connector.

Another consequence of the heterogeneous, suppiieen architecture was its inability to supporiange and
modifications. Component changes often broughtigastd time-consuming system level modificationkefiefore,
systems architects identifieflexibility and modularityas important primitives of an upcoming infotainmhen
architecture. A senior Autolnc architect reflecégk on the arguments at the time:

It [MOST] will come [on the market], and we needapproach it, prepare ourselves in order to get
access to such flexibility — that is probably anenmesting concept here — to be able to produce
information anywhere in the car and consume it sghage else, in a simple way.

A third architectural motive presented in favol®ST wascapacity In extrapolating the functional growth of the
90th, bandwidth was standing out as a criticalés§iarCorp's former MOST project manager recadl§ th

We had remarkable ambitions. We planned for videeens in the back seat and support for external
video sources, delivering services such as parkst@asge. It should be a pretty high level of
functionality. And when we looked at the differdniigs customers should be able to do concurrently
it was a concept work | guess — we found that CANIdn't do. We needed a really powerful bus
concept to survive that. It should be able to supgmphics, while simultaneously transmitting artu

of navigation data.

MOST asa Standard

The work of the industry-spanning MOST consortiumed for standardized technology, from the lowdstgical
layers all the way up to the application layersdibated hardware, middleware for network manageraedtan
extensive application framework should secure mmon — and thereby compatible — approach to vehicle
infotainment. Considering a reflection from the iagt Autolnc MOST project manager, it is clear that
standardization was an important argument in prolgd!OST:

This idea about common specifications on functanms interfaces, that's a major benefit. More ordes
being able to buy a component [off the shelf], Ekeadio tuner, developed for one manufacturer, but
applicable to another since it's a common interfapecification.
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Significant adoption of a standardized technologg \wonsidered a great potential, not least inahecgg process.
With the traditional, proprietary system solutiddarCorp and Autolnc could possibly benefit from gatition at

the time of sourcing, but not over the product lifgcle. Major investments in systems integratiofeaively

prevented re-sourcing of components, causing lnakifects where the manufacturer had no optiortdatick with

existing suppliers. With standardized componentsC8gp and Autolnc saw a potential to dramaticaligrease
competition, with lower thresholds for re-sourcing.

MOST asaBusiness Driver

The third perspective falling out of the technologyiews referred to MOST’s ability to transformsimess in
scope and form. The inherent ability to supporviserorientation played a minor role in this dissios. Instead of
seeing software in itself as a potential revenueegsor, this stream of proponents suggested tlf@sMwould
allow modern, distributed software development ib ifito the established paradigm of component-based
modularity. Together, the generic fiber-optical laungl the object-oriented, event-driven applicaframework were
expected to give a healthy separation between fmedwnd software. Suddenly, it was possible to thee
increasingly problematic issue of integration thglodhe lens of software, rather than costly ankkxitble hardware
structures.

With frustration CarCorp and Autolnc’s product ptans had observed how these increasingly monolithidware
structures destroyed attractive business modesiedd of an open option list model, enabling custommique
combinations, these interdependent systems fodoedatito makers to bundle functionality in a fewdefned
offerings. In addition, such solutions complicathd lucrative aftermarket business. With tight, gbal integration
between components, it was more or less imposgibéxtend or change the configuration over the clefs life

cycle. It was argued that MOST would break up thenatiths, allowing unlimited variations in functiality

through a wide range of specialized, independemipoments.

In summary, this perspective suggested that the M©&cept could be applied as to support the irauit
component-based modularity. Extensive bandwidtbhlli specialized and independent components, afidae
enabled functionality would secure futigeowth and diversityfor infotainment functions, both as options (birilt
at the time of production) and accessories (afteret@xtension).

Adopting MOST

With the decisions to adopt MOST as the new infotent backbone CarCorp and Autolnc entered a ratheful
path, unfolding in the clash of technological pagats. A potentially service-oriented approach —rabterized by a
combination of extensive, generic communicatioracéty and object-oriented, event-driven computingas about
to be applied in a domain based on component-baselarity. The materiality of digital, softwaredw®al product
development was confronted with solid materialityhardware-centric structures, which is deeply @iged into the
very sociotechnical fabric of the existing orgatimas and products. As illustrated by Autolnc’s jeat manager,
the new technology brought a wide range of challepnfrom technology design to processes and orgiaons.

We had no idea what we were about to engage in. silealy bit off more than we could chew. First,
introducing a new bus [concept], then taking systemasponsibility — previously allocated to an
external supplier — and, finally, making it a lobm complex through distribution. It was a major
challenge.

As these various challenges unfolded, the autorsalkétiated a range of actions. First, they hadtquire and
develop new knowledg&econd, the designers found existing design ttuikies suboptimal in supporting the new
technology. Therefore, as they developed basic letgye, their attention was gradually shifted towahne
establishment ohew forms for collaboratiomwithin their own organization and towards sup@iefinally, with
many critical tensions resolved, CarCorp and Autostarted to set upew design practicefor MOST-based
infotainment.

Developing New Knowledge

The MOST concept brought several new technologiéis impact on component design. For example, theeho
integrated circuits that enables access to thealptietwork were not yet stable, thus causing magarble to both
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manufacturers. Although learning how to managerfiqtics in an automotive context was demanding,dtitical
challenges were related to architectural desigtherathan component design. With MOST, the notidn o
architecture became blurred to designers, and ghgdoeaded with new meaning. The traditional ratie behind
architectural work — hiding complexity, division lafbor, reuse, etc — was extended with a new,\ypiEtbmpatible
logic. With software-based functionality distribdt@ver several physical components, other proettiscame
salient. The new infotainment architecture becamerabler of functionalitylargely defining the shape and form
of this distributed computing environment. Systearchitects turned into platform designers. The itgcture came
to manifest a design philosophy and generic syst®gi services, rather than the structure of corapts Although
this transition was highlighted in the original MD$®oncept, the auto makers underestimated theectgbs of
discovering, understanding, and implementing thésigh philosophy. A senior systems architect atCOgw
remembers his disappointment, when discoveringthi@aarchitectural concept was far from solid:

They [MOST cooperation] promoted MOST as a nevesydtvel model, a new kind of thinking, a new
philosophy for design. But this model was nevettamidown. It was BMW and Becker running it, but
not in public. [...] we could see how it was desigriedean the result of the MOST interface definitio
but we never understood the [deeper] thinking, Aod they intended to evolve it. That made many of
us, implementing at the time, doing extensionsuofawn, tweaking around, and creating solutions
which probably did not align with the visions.

On a general level, systems architects and desigmere trapped between two different materialit@s the one
hand, they had to adopt a more service-orientedoapp to infotainment development. There was a exsss
among engineers that the established componentHoasdularity would not be able to secure futurengiofor this
family of increasingly changing applications. Oe tither hand, they were still embedded in a prodeecelopment
context that is tightly entangled with hardwareicencomponent-based modularity. A massive bodyexikting
requirements was derived on the premises of thisosmteriality of component-based modularity. Farthboth
suppliers and the auto makers’ own purchasing watetant to adopt software-driven business modgdswere
the product planners, showing marginal interesbiitware as a future revenue generator. With suelmge of path-
dependent forces, the lack of clear and unambiguwmsign vision became highly problematic. Architeat
knowledge and new practices materialized with aodoas-up logic, driven by designers’ local problearsd
challenges, rather than top-down, guided by strateginagement. One such driver was an increasirayemass
that existing processes gave limited support toeheergent forms of collaboration between differaators in
existing design hierarchies.

Seeking New Formsfor Collaboration

The automotive industry’s component-based moduylaniefined over a hundred years, is essentiallytiyg

intertwined with strict hierarchies both in prodwaetid organization structures. Product structureshérarchical,
with horizontal independency between componentsthin same way, organizations are hierarchical,diigi

relatively independent branches of labor. In otdemanage such design hierarchies CarCorp and Aafollowed

strictly linear innovation processes, with a dynesnpowered by waterfall models (Boehm 1976; Roy2e0) of

product development. In practice, requirements wgnadually broken down alongside the design hiéngrc
reflecting a distributed nature of innovation. Biess objectives, general system topics, and ovinatitional

properties were managed by the manufacturers, whéedesign of components and detailed functignalias

assigned to highly autonomous suppliers, furthevrdthe hierarchy.

With the introduction of MOST, it soon became olmgdhat these remote “islands of innovation” did perform
anymore. Still being trapped in hardware-centriccicmateriality, functionality spanned several plgsi
components and, thereby, suppliers. The automadearsno other option than bridging the gap betwegplgers
themselves by specifying not only interfaces betws@mponents, but also the system level behaviocooifponent-
spanning functions. As illustrated by a project ager at CarCorp, this approach had significant icafibns for
the collaboration within established hierarchies:

You are taking a [new] responsibility as a manuteet, when specifying this stuff. It becomes... |
mean, they [suppliers] CANNOT even do anything! Whehink about it, it's not them rejecting
responsibility, it's us taking it from them. Ydsatts what it is. We are telling them that “the grhing
you're about to do is to support this [our solufign.] Earlier, when things were more component-
oriented, they had an opinion of their own on tlinghey had tested it — possibly with other
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manufacturers — and knew what was good and whatbads With this approach [MOST] we more or
less lost such feedback.

These problems were grounded in an emerging ardhfoantal mismatch between the existing social stres and
the emerging materiality of service-based moduylafitat is, as engineers try to follow service-lobsedularity,
they had to increasingly background the physicatilvare, while focusing on software-enabled funciliay that
span several components. At the same time, the sagieeers remained organized according to the ooerg-
based modularity.

Knowing that this mismatch could not be easily hest, the two auto makers initiated two differentanures to
smooth the implementation of a MOST-based infot@nnsolution. First, they reorganized the workfsraea local
level to meet the new commission. At Autolnc infotaent managers decided to replace the two existing
component subunits with four new units. In the io@d) organization, audio components were allocdatedne
subunit, while telematics, navigation and telephamyre handled by the other. The management reallm@tdthe
conception of component was less important with nbe& technology and architecture. Therefore, in ribev
structure, an increased need for system level abmtas met by a new subunit, responsible for systard
functional design. This subunit hosted existingesplas well as new ones. For example, an enti@ly mole —
labeled “infotainment complete” — was created toage a growing number of generic services, suatessurce
management and application coordination. The oti@w unit was created in response to the increasingl
challenging task of testing. Distributing functidihaover various components not only increaseddbeaplexity in
interfaces among components, complicating integmatbut also redefined the meaning of componertintgs
Behavior of functions could no longer be validateda component level, leaving this task to theesystowner —
the manufacturer.

Although CarCorp did not implement Autoinc's fornwddange of the organization, they also went througty
similar experiences, albeit somewhat informallyeTdcting project manager for MOST industrializatreflected
on this topic:

Originally, it was a component-oriented group. Thesere expected to work with functional
specifications as well. Later on, this didn’t warlit, so they invited some people working with fionst
only. They needed more and more such people aad{ually they were a group of their own. Probably
10-12 [persons], maybe even more. Most of them wensultant since it was running so fast, and we
wanted it implemented. We underestimated the sféaghificantly

Taken together, rather than obliterating the hanaal structure, the two manufacturers rebalartbedvorkforce,
with old roles and levels of the hierarchy essdéigti@maining the same, while the locus of desigtivities moved
upwards in the hierarchy, from the component l¢w¢he functional level.

Second, designers needed to break with the stiicthar models of innovation. The new situation hmg new
forms for collaboration and new relations — sormmperary and some more permanent — between actatrsvére
not supported by the official hierarchy. Moreoveith functionality becoming a system-level issuge,wias

necessary to adopt iterative approaches to innma&tiwWhile the official development processes dtatery few
recursions, each resulting in the production ofeageries car, the new way of designing infotainnseemed to call
for an endless series of iterations. While the ganization was formally approved by managementtisols to

these challenges emerged bottom-up, from desigmkaiyy need to make progress in the developmentgso
When specifications were ambiguous to supplierstkslmps were initiated with relevant stakeholdéthen

supplier implementations failed due to various miE®Eptions, the automakers built extensive syseuatltest
environments to identify and solve problems coiledy. When progress was too slow, the number exrfations
increased dramatically, sometimes exceeding orevadd release a week. Such figures are in starkasiro the
official development process, stating just a hahdfueleases for an entire 3-4 year car project.

The introduction of service-based modularity ledhte emergence of a mixed form of sociomaterialiy. the one
hand, traditional sociomateriality based on hignes and component-based modularity remained. Horma
specifications were written, broken down to a congrd level and, eventually, sourced to various bergp
according to existing principles. On the other handch of the critical work was performed in a dstructure of
more or less temporary, cross-organizational det@gms. Relations between actors and arenas ftaboohtion
were established and destroyed according to progetls. Together these informal teams and processes up a
network-based model for innovation, augmented éoftihmal hierarchy.

10 Thirtieth International Conference on Informatiopsgems, Phoenix 2009



Svahn et. al. / A Threesome Dance of Agency

Balancing these two, partly incompatible sociomatities was highly challenging to designers anchiects. To
support the network-oriented daily work, the autakars had to create new design practices, improtiieg
collaborative visibility. At the same time, to erde the formal hierarchies they had to find newcficas for the
deployment of the growing functional designs to gibgl components.

Setting up New Design Practices

Systems architects at CarCorp and Autolnc had esudéw design practices from the software indwstign before
the introduction of MOST. Since they had alreadgnsincreasing interdependencies with the low baddhwCAN

networks, they were attracted by the ideas behémdice-based modularity design and the ontologseglaration
between software and hardware. With the decisioadopt MOST technology, bringing object-orientatiand

event-driven design, such ideas became legitimateapparently useful.

First, the two auto makers revised their definigsiaof architecture. In the architecture specifiqatfor the new
infotainment system, CarCorp developed the notioocomponents, now referring to them as either lalgantities
or physical nodes. On the basis of this extendetibomothey defined architecture “as the structuodésthe

components of the system, their interrelationshapsl, principles and guidelines governing the deaigh evolution
over time”. In contrast to prior architectural apaches which more or less addressed the decongpositsystems
in independent parts, this definition significantlyanged the locus of architectural work. In inahgothe dynamics
of interconnected components and principles foletigwment, it made system architecture a matteddsigners in
their daily work.

Second, with the logical view of system design lacp, both CarCorp and Autolnc adopted new CASHstoo
supporting a model-based approach to system deBigth. firms decided to use the unified modelingglaage
(UML) as a basis for modeling. However, while CanCtocused on the cognitive challenges, using MiofoVisio

to capture, describe and illustrate the complexesys Autoinc wanted to take modeling one step &ntfihey
adopted the more extensive Rose Suite from Rationatder to get better support for the deploymalogical
designs on physical components. This tool enablg®lAc to generate component level specificationssiaterface
specifications automatically from the logical desigConsequently, the role of component engingarsformed
radically. Their prior role, interpreting informati and compiling specifications, was essentialduoed to editorial
work, including various non-functional requiremenftherefore, Autolnc’s approach to modeling supgarot only
the cognitive aspects of system design, but aklsartbre organizational challenges of rebalancingutieforces.

Finally, the two manufacturers spent consideraiote tand energy in trying to establish and spreadwsa design
patterns (cf. Gamma et al. 1995) across the foemdlinformal organization structures. One suchdtegtegy was
founded on the architectural pattern model-viewtadnMVC). Here the logicamodel objects corresponded to
basic functionality, such as navigation routing digital music decodingView objects implemented the user
interface, while control captured the dynamic properties. Along with thientcal idea, both auto-makers
implemented the observer pattern (sometimes labplggisher-subscriber) to facilitate event-drivetieraction
between an increasing amount of distributed objeBtsically, this pattern identified controllersdamiews as
subscribers of events at the models, creating sardeiey between objects. As described by CarCorptsn
architecture and design strategy, these approaéimesi for an important isolation between user fatar issues and
basic functional issues:

The infotainment system is a user interactive asaf intensive system (application) with continugusl
changes in the user interface but with core fumalily that in some degree is defined as stable.
Therefore it is a good idea to split the core fumeality from the user interface.

Although resolving some major issues of complegityl reuse of generic functionality, this approacated new
challenges at the time of deployment. The formatdrichies preserved the physical component asettiteat unit of
design, manufacturing and sourcing. With a sereidented business model beyond reach, the autonnakev no
option but to deploy the model objects on varimmate components, while view and control objectevedocated
to a few central components. Generic navigatiomedia functionality were sourced to dedicated spist$, while
their respective user interface were centralizeddordinate user interaction (Brostrom et al. 20863 aligned
look-and-feel. Autolnc even considered the contradr user interfaces critical enough to developitifi@ainment
control module (ICM) in-house.
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As a consequence, this deployment strategy brokee rop less every function apart in two non-triviatits,
boosting distribution one step further. The systmmame highly interactive in terms of network comination,
causing major system level problems with latenayjnty, etc. Most of the problem seemed to derivarfrthe
boundaries raised at deployment. Suppliers simjalyndt understand each other and made differeatprétations
of the same information.

Consequences

Over a rather painful period of approximately 2rge&arCorp and Autolnc revised their architectiwradwledge,
established new forms for collaboration and laudamew design practices. These initiatives had Bagmit impact
on the three dimensions of MOST as architectuesdstrd, and business drive.

First, the MOST architecture significantly challedgand transformed the existing architectural aggiroat
CarCorp and Autolnc. It established the logicaMvien systems design, releasing significant powesadfware,
until then bounded to independent physical comptmnelh changed the rationale behind architectingking
platform designers out of architects.

Second, and perhaps most obvious, the idea of M&Sa standard faded away as soon as the desigeess w
squeezed between an immature concept and estabtiglseggns. Extremely tight project schedules didieave the
option of taking problems back to the MOST cooperafor reconsideration. Instead, CarCorp, Autcamel most
other auto makers implemented proprietary solutmmdop of the core MOST concept. Off-the-shelf poments
did not emerge at the time of the first MOST prtgeaor later.

Finally, with MOST as a business driver, the outeoim somewhat more subtle and ambiguous. The new
infotainment systems became a lot more distributedsense of physical components with dedicatedtions.
These remote components were definitely less ioterected physically, more or less only reliant ower supply

and a fiber optical cable. However, logically thegre highly interdependent with a few central congus,
managing system properties and user interfacebBoédth slightly increasing the configurability aettime of car
sale, this rather centralized solution effectivedgtrained the anticipated after-market business.

Discussion

In this paper, we seek to understand the mangteofdifferent forms of materiality with human agéx during
the digital innovation process. Specifically, weasine how the existing sociomateriality establisheth the
materiality of hardware-centric component-based ufarity respond to the designers’ attempts to ohice a new
form of materiality, based on software-centric smbased modularity. Consistent with the core ephoof
sociomateriality, our case study shows that teaygiodl change cannot be foreseen or understoodsisieeing
technology and social structures as a whole. AlghoMOST in itself has every hallmark of a truly\gee-oriented
technology, it did not feed a service-oriented failoment business for CarCorp or Autolnc. Socialdtires of
these two organizations are deeply entangled Wwithnateriality of component-based modularity. Thldished
sociomateriality resisted engineers’ efforts t@adtice service-oriented modularity. Consequentigireeers had to
accommodate the principles of MOST evolved throagtontinuous compromise and adaptations of maitgrial
creation of new design practices, and establishroémew social structures. This mangling procesk tte the
hybridization of materiality, reflecting both exisy, familiar practices and the selective elemeoftsMOST
technology. As a technology, the new MOST concegiaime local, rather than global over the entir@amization,
and had to emerge in some harmony with existingosuaterial practices, rather than replacing therthdugh
infotainment is a high profile application areaibis to end-users, it makes only a minor elemerat cér. In such an
embedded context, designers may seek softwareic@nthitectures that can improve system performanicthe
execution of a local application's functions — poutls, signal processing, user interface, and se lout only while
meeting all performance and resource requiremesfmcE, weight, power consumption, electromagnetic
compatibility, etc) of the overall system (Wolf Z)0Essentially, these non-functional requirememésdefined by
the existing physical materiality of hardware.

This tension between a hardware-centric, physieemality and an emerging software-centric digiteteriality is
present throughout the entire process of adoptitagpropriating MOST. Indeed, there are frequéatnents of
gradual learning and dialogue in our case storijl, 8 exemplified by table 1, almost any centtatision can be
traced to a series of mangle of two forms of matiyi and human agency in the form of resistancd an
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accommodations, playing out at three different dlayén product development: architecture, designd an
organization. First, MOST introduced a radicall§felient approach tarchitecture focusing on the structures of
software-based logical elements, rather than phlysiemponents. The traditional architectural appho@rounded
in component-based modularity, aimed for decomfosiof the product in a hierarchy of relatively @méndent
modules. This enabled the automakers to exercisgratoover the product through strict supervisioh tioe
interfaces. At the same time, it encouraged inriomaby allowing for extensive autonomy within conmeats. In
contrast, the new architectural concept, groundeservice-oriented modularity, aimed for a decauplbetween
software structures and hardware structures. Injged a functional design practice without stricta@sulation in
components. CarCorp and Autolnc would be able tryasge control by taking a more active role in éagidesign,
although leaving physical design to tier-1 supplidt was also expected to encourage architectunalvation by
giving the designers access to heterogeneous Esoarer the entire system. The main challenge, rakking a
significant force of resistance, turned out to e act of deployment. With component-based modulegimaining
the dominant architectural model for vehicle desiggeneral, it kept making a template for suppiiations also
in the area of infotainment. Given that suppliemravcontracted to deliver physical components, sodtware,
engineers feared that the new concept would brircpunterproductive separation of distributed fumasi for
implementation by different suppliers, at the legélcomponents. To preserve reasonable agility gednby the
logical architecture, the automakers accommodatés] resistance through a platform approach to eechiral
design. The system, as a whole, was designed tde=ganeric, non-functional services, such as serdiscovery,
resource management or application coordinationil@\#tcessible over the entire system, these desigments
were allocated by architects to one (Autolnc) oo (@arCorp) strategic components, under extensimiral by the
auto makers. Although software implementation etsm@nremained a task for component supplierss fiatform
concept allowed the manufacturers to easily reatléunctions across components.

Second, with the platform philosophy in place, thallenge of balancing digital dimension with plegdiwas
shifted to the level oflesign practice With a traditional, component-based innovatiomagagm, designers are
trained to keep the interdependency between cormpdaw. Therefore, a superior objective is to eksablocal
encapsulation of functionality at the level of campnts. However, service-orientation encouragefgaes to
build distributed functionality, allocated acrossmponents. With this architectural approach, thep take a
system-level perspective on design, where allonaguided by the need for simplicity, performariogéormation,
etc. While systems architects met resistance inattieof deployment, the designers saw a relatetgngally
massive problem in the transition towards a logidabkign practice. Relying on deep-rooted orgaruinati
structures, where suppliers are contracted to bedlshponents, not software, they predicted a sewegnitive
challenge. Essentially, this resistance developétia fear that coherent system-level designs wemaing the risk
of being broken apart in abstract pieces, moreess incomprehensible on a component level. Addrgssich
misgivings, CarCorp and Autolnc accommodated byoducing model-based design methodology, suppdited
new CASE tools. They also launched several newgdegatterns to guide designers in their modelingkwn
addition to their normative effects on practicegsth efforts injected invaluable insights acrossehtre design
hierarchy, giving all actors a better understandihthe interrelations between system-level desamscomponent-
level implementations.

Finally, the transformation of architectures andige practices highlighted that the experiencetst@sces derived
from a mismatch betweemrganizational structuresand the emerging product structures. Essentidhg,
established, component-based innovation regimauiis @n the concept of hierarchy, where entitiestba same
level of aggregation are largely independent. &tghme time a component has a well defined fittimtonext level
of aggregation. Over the years it has proven higficient to reflect this structure also in theganization.
Therefore, manufacturing firms tend to feed inn@rat linearly through a vertical hierarchy. A seesoriented
innovation regime, on the other hand, put technoldgchange and organizational agility in focushea than
specialization, expertise, and division of labohrdugh loosely connected networks of internal amtkreal
contributors it offers the manufacturing firm a Horear innovation model, better suited for the lexption of
heterogeneity and multiplicity across horizontgkles. While engineers had more or less unrestri@tehority over
the local infotainment architecture, they were able change the organizational structures. Soune@ga matter
for central purchasing departments, and busineselsavere centered on the idea of selling compandmying to
establish a radically new organization, applicabléhe local domain of infotainment was not onlypiactical, but
virtually hopeless. Accommodating this resistarie,infotainment managers decided to rebalance ¢hei formal
organization, instead of breaking it up. While soéand hierarchy structure essentially remainedustted, the locus
of design activity moved upwards in the hierarcAg. CarCorp and Autolnc got more involved in systiewvel
designs, resources were transferred from the coemdavel to the functional level. In addition tack top-down
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initiatives, launched by management, designerst bofbrmal innovation networks, augmented to thenfal
organizations. These bottoms-up initiatives emergsda response to their need to reach beyond fted lo
organization. Unable to reform supplier organizasiothey simply enforced a new, organization-spanmiesign
practice, where engineers from different organiregiworked together, side by side.

Table 1.Resistance and accommodation in the mangling ebs@terial practice at CarCorp and Autolnc.

Logic of the established
sociomateriality

Promise of the emerging
sociomateriality

Resistance

Accommodation

Architecture

With traditional, physical
architectures, based on
component-based
modularity, CarCorp and
Autolnc are able to
exercise produatontrol
through strict
supervision of the
interfaces It also
encouragesomponent
innovationby allowing
for extensive autonomy
at the level of suppliers.

A logical architecture,

The emerging logical

based on service-orientedarchitecture met

modularity, invites the
automakers to exercise
control by taking a more
active role in logical
design It also
encouragearchitectural
innovationby giving the
designer access to

across the system.

significant resistance in
the act ofdecomposition

To preserve agility,
while still avoiding
functional fragmentation,
the automakers

Architects feared that the introduced alatform

agility would be lost as
logical designs were
decomposed to fit a
traditional physical

approachto architectural
design. Containing
service discovery,
application coordination,

architecture, with several etc, the platform enabled
heterogeneous resourcescomponents, delivered byrapid reallocation of

different suppliers.

functions across
components.

Design

Design practices
developed under a
component-based
innovation paradigm

Design practices
developed under a
service-oriented
innovation paradigm

The emerging design
practice was resisted in

To resolve some of the
cognitive problems, yet

that designers envisionedadopting a system-level,

massivecognitive

seek low encouragedistribution  difficulties across design
interdependency betweenof functionality, across  hierarchies. They feared
components. Therefore, components. In doing so, that coherent system-
functional designers tend it opens up for a system- level designs would be

logical design practice,
the automakers
introducedmodel-based
designprinciples and
genericdesign patterns

to strive for local level perspective on broken apart in abstract

encapsulatiorat the level design, where allocation pieces, more or less

of components. is guided by the need for incomprehensible on a
simplicity, performance, component level.
information, etc.

These tools gave a
common overview and
valuable insights across
the organization-
spanning design practice.

A hierarchical
organization structure
enables dinear model of
innovation where
information flows
vertically. This allows
for specialization and
division of labor, being
critical factors in a
component-based
innovation paradigm.

A networked The networked Failing to change the
organization encourages organization was resisted firm-spanning
technological change, in that local infotainment organization structure,
rather than specialization needs clashed with firm- infotainment managers
and expertise. Such level organizational launched aebalancing
loosely connected strategies. Infotainment of the local organization
networks of internal and managers had extensive In addition, designers
external contributors authority over built informal innovation
allow for non-linear technology, but little networks augmented to
innovationmodels, able influence on purchasing the formal design

to cater for heterogeneity or business strategies, hierarchies.

and multiplicity across  tuned for component-

horizontal layers. based innovation.

Organization

The resistances of physical materiality of compairsed modularity at each layer are central ireltging new
sociomaterial practices, embracing selective elésnehdigital materiality of service-based moduhariAlthough
designers are constrained by the established satéoiality that limits their design options, thegtigely and
artfully exploit accommodate these resistance @depto seek alternative sociomateriality. Thereftiie threesome
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dance of agency — the mangle of sociomaterial g@eimong digital and physical materiality and haragency of
engineers — is the central force that fuels théalignnovation of infotainment at both CarCorp aktolnc.

Indeed, design practices changed with MOST, buttwdia this threesome dance of agency in the mangle
sociomateriality mean to digital innovation? Firste can establish that the local MOST architectdict not
obliterate any architectural knowledge across tlbaj organizations. Component-based modularityaieed the
dominant sociomateriality in the overall desigrcafs. Although making use of remote sensors aral 88DST did
not generate architectural innovations at thislleMewever, the new concept did radically change domain of
infotainment, forming new sociomateriality locallpesigners and architects were given a wide rafigew tools
supporting innovation, resulting in novel HMI sotts and extensive alignment and coordination betwe
functions. At the same time, the potential power MOST was never fully utilized, since the hieraozhi
organizations remained. In practice, the locuseasfigh was moved upwards in the hierarchy from traponent
level to the functional level. Ironically, innovati ended up in the hands of fewer people, not nfesstered in a
component-based innovation paradigm, where coigral central aspect of architectural ideas, theloébed the
logical perspective for centralization, rather thaaltiplicity. Finally, our study suggests that nutet innovation
that was traditionally performed by suppliers wastoucted by the new MOST concept. With suppliersaming
less independent, they took a more passive rdleiovation, leaving more of the design work for the#o makers.

Our study has two important implications for the wé sociomateriality in digital innovation. Firgts we pointed
out, hardware-centric component-based modularity software-centric service-based modularity represeo
different forms of materiality. In studying digitadnovations, where a key challenge is to mergé@aligomponents
with physical components, researchers must cayefdparate differences in physical and digital miligy
(Leonardi 2007, Leonardi and Barley 2008). As earlstudies of sociomateriality often focus on agkin
technological innovation, thus directing the atiemto the interplay between material agency ahgle technology
and human agency, this suggests a rather sigrifibe@oretical extension to the existing sociomatiyi works.
Second, our study also suggests a possible thauhesit in the dynamics of mangle in the context igital
innovations. In our study, while the physical metleagency of component-based modularity resistedhiuman
agency of designers who wanted to introduce MOSE, digital material agency of service-based modylar
subjected itself to human agency, becoming a plagcoommodation strategy. This threesome dancegehey
among physical materiality, digital materiality almdman agency through resistance, subjection as@hanodation
seems to be a fundamental mechanism in the evolafidigital innovations.

Finally, a sociomateriality perspective suggestd the contours of digital innovations are tempigramergent. It

is never fully known ahead of time, only situatedrésponse to human purpose, goals, plans anchadtioough
resistance. As Pickering notes, resistance is &dmiexisting at the boundary — always open and foéup
Similarly, a sociomateriality perspective also segjg that the contours of human agency in digabvation are
equally emergent and tentative. To quote Picke(it203), “[nJo one could have foreseen in advana this
transformation would come about; no identifiableatiges of [innovator’'s] initial situation determmeit.
[Innovators] did not intent it at all. [...] The sot&volution of [innovator's work practice] itselfag constitutively
the product of maneuvers in the field of materiggrecy” (p. 5813 In this case, it is the maneuvers in the fielfls o
two material agencies: physical and digital.

Conclusions

Digitalization and converging digital technologibave changed the innovation landscape in many iridss
Generic platforms and dramatically reduced comnatiwo costs allow for integration of previously onaected
activities and artifacts (Yoo et al. 2008), openmgew source of creativity at the level of proddesigners. In
contrast to many other areas, traditional prodwstetbping industries have not been particularlycessful in
conquering these architectural dimensions of digiton. Our study suggests that the threesome dammng
physical material agency, digital material agenog dauman agency is an important aspect in explgimow
embedded IT emerges in manufacturing. Digital deciires have to materialize in harmony with emgstiegimes,
rather than replacing them. Essentially, the evahudf digital technologies in manufacturing isesult of a mangle
of sociomaterial practices, resolving various fasise, subjection and accommodation among phyaiuldigital
materiality and human agency.

Y In his original writing, instead of innovator, Raring was referring to Glaser who invented butabiamber.
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