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Abstract. In this paper we investigate the tension thattexis many large
organizations between the need for division of wankong architects and the
requirement of developing an integrated set of itgctural principles and
models spanning all aspects of the organizatioro fypes of division of work
are presented that set different requirements owledge integration. Drawing
from insights of the fields of IS research (bus&#s alignment),
organizational theory (knowledge-based theory & flim) and sociology
(boundary objects) we arrive at a conceptual mdd#ing knowledge
integration mechanisms to types of division of wolke test this conceptual
model in three cases. The results show that theepis of boundary objects
and of interconnectedness are relevant in realittiagntegration required.
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1 Introduction

Enterprise architecture is a growing discipline hivit the field of Information
Systems. Awareness is increasing that large orghois need some kind of
direction-giving frameworks to manage informatigstems development in order to
prevent an unmanageable increase in IT compleKityerprises, and with them the
management of information, are changing so fastt@edming so complex that some
kind of reference framework is needed to keep intrmb Enterprise architecture
provides such a framework [1, 2, 3].

We define enterprise architecture as a consistrafsules and models that guide
the design and implementation of processes, orgtaiml structures, information
flows, and technical infrastructure within an eptese [4]. Enterprise architecture
provides an integrated set of direction-giving #&eattural principles and models
concerning all aspects of the enterprise: produgtecesses, organization, data,
applications, technical infrastructure. The valdieeoterprise architecture lies in the
fact that it provides an integrated view takingthfise aspects into account, instead of
the isolated view on only one aspect that may beiged by specialists.
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As enterprise architecture takes all aspects of ghterprise into account, it
becomes too all-encompassing to be assigned toooigst a few architects. With
architecture, as with other functions [5, 6, 7], wee forms of functional
specialization emerging with different types ofhatects. In large organizations the
number of architects may easily run up to more thahundred. These architects
represent various roles that can be distinguishathawo dimensions, as depicted in
figure 1. The first dimension is the managementllatie architect operates on. In
practice we see architects act on all of the webivin levels of strategic, tactic and
operational management [8, 9, 10]. At strategicelethe architect interacts with
senior management on fundamental strategic chdimeshe organization. These
fundamental strategic choices are translated byathkitect into high-level designs
and design principles, usually called the enteep@schitecture. These high-level
designs and principles are further developed atdab#cal level into directions and
designs per business line and per technical dom#ie, so-called domain
architectures. At the operational level the direasi from strategic and tactical level
are translated into specific rules for projectthia project start architectures [4, 8].

The second dimension against which types of arsitean be distinguished, is the
dimension of content. Architects may have their diefd of expertise like business
architect, application architect, data architedtldieware architect, etc. Which exact
domains are distinguished differs between orgaio@at Often a division is made in
business domains per business line (for instanil, revholesale, production) plus
technical domains per technical aspect (for insgtarsoftware development,
middleware, network). This distinction is partialjaclear at the tactical level in the
form of various domain architectures. Thus we de&t the architecture of an
enterprise usually consists of many documents doyedifferent aspects of the
enterprise and authored by different architects.

A

M

a Strategic

n . .

a Enterprise architecture

9

e

m

e

n

t Tactical| <€ <€ > «> <>

Domain architectures

1

e

v

e

. ) < S
Operational Projectarchitectures

v

Business Informationsystems  Infrastructure Security

Content

Fig. 1. Division of architectural work.

This division of work is necessary because no simgrson or team can grasp all
aspects anymore. However, as the purpose of actiniéeis to provide guidance to



Proceedings of BUS TAL 2009

changes in the organization by settingpherent set of rules and models spanning all
aspects of the organization, the various typesrdifitects cannot work in isolation

each on their own subject, but the rules and matiels develop must be aligned with
each other. Thus a principle like ‘core data arenta@ed in only one place’ at

strategic level translates to a tactical level gple ‘customer data are only

maintained in our customer database’. And if aregmise adopts a service oriented
architecture, the services identified at applicatlevel should match the services
identified at process level. Real life shows thas tkind of alignment, however, is

hard to achieve. The number of architects is tagelao trust upon spontaneous
collaboration. This is evidenced by the emergeric®ntradictions between the rules
of the different management levels, by gaps indbeerage of the models and by
discrepancies between the rules for different aspec

Management is thus faced with the question howctoeae the integration that is
needed to ensure that though a great number atecthare at work, each with his or
her own special focus, together they produce areolieset of architectural principles
and models. In this paper we investigate how withi context of division of work
among architects, the cohesion of the architectooatent can be maintained. In
doing so, we draw upon ideas about alignment atedjiation already developed in
the fields of organization, sociology and IS thedFiie contribution of this paper is
twofold: it applies existing theory on knowledgeteigration to the new field of
enterprise architecture, and in doing so, it combitheoretical concepts from various
domains in one conceptual model.

The research approach followed is that of a théesting case study as described
by [11]. As not much theory has been built yet @ning the division and integration
of architecture, our research concerns initial tix¢esting. Whereas the research
guestion emerged from observations in the fieldaafhitecture, the first step in
answering it was done by investigating how existimgpries might apply. This led to
the building of a conceptual model combining consefrom various fields of
research. This model is presented in section 2nRhis conceptual model a number
of propositions were formulated and tested in thddéerent organizations. The
results from these case studies are discussectiors®. Evaluation and conclusions
are given in section 4.

2 Architectural Knowledge Integration

2.1 The Conceptual Model for Architectural Knowledge I ntegration

The division of work among architects requires ang of knowledge integration in
order to ensure integrated architectural delivesblThe concept of knowledge
integration has been thoroughly investigated iranizational theory, especially the
knowledge-based theory of the firm [6, 12]. Foutegration mechanisms are
distinguished: rules and directives, sequencingtimes and group problem solving
and decision making [12]. These mechanisms difierpng others, in the intensity
and mode of interaction. The extent to which thguheed knowledge integration is
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achieved depends on whether the organization & tabémploy the right integration
mechanisms. The successful employment of speciftegration mechanisms is
greatly influenced by organizational characterssfic, 13, 14].

Based on these ideas we developed the conceptudklmaf architectural
knowledge integration presented in figure 2 andarpd below.

Division of Knowledge
Work P3. P4 integratiogn
requirement
Efficiency of
knowledge
P5 integration
Organizational Knowledge
Characteristics integration

P1.P2 capacity

Fig. 2. The conceptual model for architectural knowledgegration.

The model reflects the idea that the efficiencykbwledge integration depends on
the match between the integration requirement péhd type of division of work and
the integration capacity that depends on orgaioizat characteristics (see [13] for a
comparable model for the multimedia domain). Welarpthe concepts of the model
below. In section 3 we elaborate the model intomlper of propositions.

Division of work we define as the manner in which the architectwatk is
divided over a number of different architecturaleso As shown in figure 1 we
distinguish two kinds of division of work: divisioalong management levels, which
we will refer to as vertical division of work andvision along content, which we
refer to as horizontal division of work. The diwsi of work leads to the need for
some kind of knowledge integration: the knowledggegration requirement.
Knowledge integration requirement we define as the kind of knowledge integration
that is required in an organization because ofsdivi of work over more than one
person.Knowledge integration capacity is the kind of knowledge integration that an
organization is capable of achieving. The capadgy partly dependent on
organizational characteristics. Byganizational characteristics we mean both fixed
and changeable characteristics of an organizafitie, structure and modes of
collaboration. If the knowledge integration capgcimatches the knowledge
integration requirement it is possible to achieffeciency of knowledge integration.
The efficiency of knowledge integration is the extent to which the organization
accesses and utilizes the specialist knowledge bgldndividual organizational
members [6]. In the case of architectural knowledgegration the efficiency is
evidenced by the measure in which an integral, motieand consistent set of
architectural principles and models is availableuge to the organization.

2.2 Dependencies between the Concepts
The next step is to see whether it is possibleayp anything about the relations

between the concepts in the model. Using ideas ftioen fields of IS research,
organizational theory and sociology we will arratea number of propositions.
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We start with investigatinthe relation between organizational characteristics and
knowledge integration capacity to answer the question what organizational
characteristics influence the knowledge integratiapacity.

First of all we should further elaborate the coricep knowledge integration
capacity. For this we turn to the knowledge-baskdoty of the firm which
distinguishes four mechanisms for integrating kremgle: rules and directives,
sequencing, routines and group problem solvingdewision making [12]Rules and
directives are written down directions. They are suitable dommunicating explicit
knowledge among specialists and between specialigtanon-specialists. Integration
is done by ensuring that one’s own rules are canplvith the ones written down by
others. The second integration mechanism is sequgrequencing is characterized
by organizing activities in a time-patterned se@gein this way each participant can
do his own piece of work, based on a prescribeditinphis kind of integration
requires a minimum of communication. The third gnetion mechanisnmoutines,
requires a bit more communication, but communicaisostill very much restricted to
a minimum. In contrast to sequencing, routinesnatloe participants to perform their
tasks simultaneously. It also allows for more M#ia during execution than
sequencing. Like sequencing, routines can only deldped for repetitive tasks in
which it can be predefined how the various paréioig are to react to certain events
[15, 16, 17]. The fourth and final integration mantsm mentioned by [12] igroup
problem solving and decision making. This mechanism requires the most interaction
and communication of the four mechanisms. It isadlé to non-standardized tasks
characterized by task complexity and task uncestain

According to [6] three factors are important in etetining the success of
knowledge integration: the level of common knowledipe frequency and variability
of task performance, and structure. Frequency anidhility of task performance are
more or less a given, but common knowledge andctstrel are organizational
characteristics that can be manipulated. The fiastior mentioned by [6] is the level
of common knowledge. To be able to integrate kndgéesome kind of common
ground is needed, without the participants havingshare all their specialist
knowledge. From sociology we learn tihatindary objects can provide such common
ground [18]. When people from different perspediwgork together this can be
facilitated by boundary objects. A boundary objextan artifact that has different
meanings in different social worlds but that hagracture that is common enough to
more than one world to make it recognizable. Thizkes boundary objects into
means of maintaining coherence across intersecowal worlds. Examples of
boundary objects are shared concepts, repositdresieworks and templates, for
instance the use of maps by ecologists [18] andigieeof layered plans and ordering
lists by physical architects [19]. The work of pitgd architects is described as
“individual, team-based and multi-disciplinary, istihg multiple professional
competences and perspectives, at the same tinf@; (262). In this world boundary
objects play various roles of integration. Thiseminiscent of the world of ‘digital
architects. Which leads to our first proposition.

Proposition 1. The use of boundary objects is a viable way diieadng knowledge
integration in the field of architecture.
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The second organization dependent factor to infleelknowledge integration
mentioned by [6] is structure, especially the ekterwhich the structure enables the
right amount of communication. In [14], intercontesness is mentioned as one of
the relevant structural factorsnterconnectedness is defined as the richness and
frequency of contact and information exchange antbegdifferent parts of a system
[14]. The importance of interconnectedness forratignt between disciplines is also
shown by research into business-IT alignment [21, 23, 24, 25]. Though in this
paper we do not look at business and IT alignmerguzh, we investigate alignment
between the various architects, who, besides, nreagobcerned either with business
aspects or IT aspects. Business-IT alignment rekeandicates that cross-
participation and sharing of knowledge is importdant achieving alignment.
Interconnectedness seems to be especially reldearthe relatively unstructured
integration mechanism of group problem solving aletision making [21]. This
gives us our second proposition.

Proposition 2. Interconnectedness is an important factor in adhgeknowledge
integration by way of group problem solving and iden making in the field of
architecture.

The second relation in the model to discusthésrelation between division of work
and knowledge integration requirement. Vertical and horizontal division of work each
put specific requirements on how the knowledgéhefgarticipants is to be integrated.
Vertical integration is concerned with setting ditfens and constraints on the level
below. The issue here is to provide clear, unamtigudirections, guidelines,
fundamental choices and high level design ruletedims of knowledge complexity as
defined by [7], vertical division of work causeswoutational knowledge complexity:
the knowledge of the strategic level is to be spitamany agents that are to use this
knowledge in many kinds of activities. According [fd], computational complex
knowledge can be integrated by documents and catlifn. This all points in the
direction of using the mechanism of rules and dives for vertical integration. This
leads to our third proposition.

Proposition 3. Vertical division of work requires rules and ditiges for knowledge
integration.

Horizontal division of work is quite different. Thgh it may be argued that there is
some kind of order in specifying the various aspewith processes dictating choices
in the supporting applications, in practice thecHpeation of the aspects is a matter of
mutual interaction. It is a matter of bi-directibnmtegration rather than uni-
directional. This requires more face-to-face intéom discussing the impact of
choices in one aspect on the other aspects. Tlitents have to work together to
design a coherent framework in which the knowled§ell the different domains
comes together in an integrated whole. Often thoibwledge is involved: each
participant applying his or her knowledge to arrétea consistent and effective set of
directions. Each participant is autonomous in leisibwwn domain, but within limits
because of the interdependencies with the othermatemThe knowledge complexity
involved is of a technical and cognitional type.[7]
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As horizontal integration is concerned with taaitwledge and bi-directionality,
rules and directives are less suitable. This leasesvith sequencing, routines and
group problem solving and decision making. Sequendioes not seem to be
appropriate because of the strong bi-directionalineaof the integration. Routines
might be a suitable integration mechanism. Howetlee, present maturity of the
architectural field may not allow for routines a®t.y The frequency of task
performance may be moderately high for full timehgtects, but the variability is
usually high too. For efficient routines a highdoency and a low variability are best.
Which leaves us with group problem solving and sleai making: solving
architectural issues together in face-to-face comcation. Face-to-face
communication is also the integration mechanismgsstged by [7] for cognitional
complex knowledge.

Proposition 4. Horizontal division of work requires group protresolving and
decision making for knowledge integration.

Binding everything together is the third relationthe model, theelation between the
knowledge integration requirements and knowledge integration capacity and the
efficiency of knowledge integration as expressed in our final proposition.

Proposition 5. The measure in which the integration capacitycimeg the integration
requirements determines the efficiency of architecknowledge integration.

To summarize the model, the type of division of kvd@wertical or horizontal)
determines the knowledge integration requiremelits. an efficient integration of
knowledge, these requirements must match the imtiegr mechanisms chosen (rules
and directives, sequencing, routines or group grabsolving and decision making).
The capacity for choosing an integration mecharisihetermined by organizational
characteristics like the use of boundary objectsthe extent of interconnectedness.

3 Case Studies

To seek support or rejection for our conceptual ehodle analyzed three cases. We
think the choice for a case study is appropriatevasare dealing with a ‘how’
question regarding a contemporary event over wthiehresearcher has little control
and in which the borders between the phenomenanterest and its context are not
clear [26]. Besides, the nature of our researchtrisngly exploratory and we are
seeking initial support.

3.1 Validity

The three cases, two financial institutions and semi-governmental agency, were
partly chosen because of practical reasons. Aleeghhad been subject to an
assessment, in which one of the authors partidipate the architecture practice. The
assessments consisted of interviewing architeatstlaeir stakeholders and studying
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documentation. At the interviews two investigatarsre present, one of them taking
notes. The interviews were semi-structured, baseahcexisting architecture maturity
assessment instrument [27], thus providing greagkability. Construct validity is
supported by using multiple sources and by havheg results of the assessments
reviewed by the interviewees either in an intexectession or by commenting on the
assessment document. The object of analysis ofafis®ssments was the entire
architecture practice, i.e. the whole of activitiessponsibilities and actors involved
in the development and application of architectwiéhin the organization. The
material resulting from the assessments, consistng@ach case of interview notes
and an assessment report approved by the archgetianager, provided the data for
our study. As the assessments had a wider scopetlieaobject of analysis of our
study, we mined the material for data that wasveeleto our study in the sense that it
provided evidence for or against our propositiofne provided focus by using our
conceptual model as a framework, thus supportitegrial validity [26].

3.2 Background of the Case Organizations

The cases we selected are two banks and a semingosetal institution. BANK1 is

a multinational bank with more than 40,000 empleyééhe some 150 architects are
divided over various departments but reside mambye Operations division (14,000
employees). The architects are divided both vdlyiand horizontally. Vertically a
distinction is made between (1) enterprise arctdtegith a global scope, (2)
information systems (IS) architects with a busindege scope and information
technology (IT) architects with an IT scope, (3@on architects with a business or
technical domain scope and (4) application andt®wluarchitects with a project
scope (see figure 3a). Horizontally at the levelsI®/IT architects and domain
architects a division is made according to busiresggect or technical aspect. The
main type of architectural deliverable is the emtise architecture (EA) at strategic
level and the project start architecture (PSA)#rational level. The architects have
an advisory task concerning project design choibesision making is done by line
management.
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Fig. 3. Division of work in BANK1 (a), BANK2 (b) and GOVERMENTAL (c)

BANK2 is a national bank with some 40,000 employé&léee 80 architects reside in
the IT department and are vertically divided infg énterprise architects and (2)
domain architects (figure 3b). The domain arch#tealso function as project
architects. The domain architects represent vafusiness domains. The enterprise
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architects represent information or technical aipélthe top-level architecture is the
enterprise architecture. All other architecturatwiments must be in line with the EA.
Each project has a project start architecture naadiee start. For many domains there
is a domain architecture. The architects have apoitant say in project design
choices. Only in cases of disagreement betweenitacth project manager and
business line manager is senior management invafvdecision making.

GOVERNMENTAL is an independent semi-governmentadtitntion of some
1000 employees that works primarily for the minisof education. Its architects
reside in the Operations department. There are tiyges of architects: (1) enterprise
architects, (2) domain architects and (3) projechitéects (see figure 3c). Enterprise
architect and domain architect is a function, prbgrchitect is a role. The domain
architects are assigned to a specific business idoonaare technical architects. The
enterprise architects may have their specialisnwel. In all there are some 20
employees working as architect, with some six efhbeing full time architect (the
enterprise architects). There is an enterpriseitetbre and there are project start
architectures. The first domain architecture i stider construction.

3.3 DataAnalysis
An overview of the integration mechanisms founthi& cases is given in table 1.

Table 1. Case findings concerning integration mechanisms.

Case Vertical Horizontal Boundary Inter- Fit
integration integration objects connectedness
BANK1 High level EA; At operational level Templates at  Architects work Lack of
Sporadic by sequencing; tactical and individualistically:  integration
guidelines; At tactical level by  operational no architectural at tactical
Lack of DA’s individual level; community over level;
architects No framework departments; Gap
Initiatives to between
increase strategic and
interconnectedness operational
level
BANK2 Enterprise Informal network; Framework Architecture Lack of
architecture; By review at and templates community integration
Great variety strategic and  at strategic and meeting four times at tactical
in domain operational level  operational a year level;
architectures level; No insight
No boundary in interde-
objects at pendencies
tactical level
GOVERN- Enterprise Only at strategic ~ Framework;  Active architecture  Lack of
MENTAL architecture; and operational  Templates at community structural
DA'stobe level, tactical level all levels meeting once a  integration
developed yet still being week at tactical
developed; level

Informal network
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Vertical integration. In all cases both vertical and horizontal diuisiof work are
found. As figure 3 shows, the levels of architecisy from two to four levels. In the
case of two levels, the operational task of supporprojects is performed by
architects at the tactical level or, less frequenthe strategic level. In all cases
architects that support projects are expected tdocm to rules and directions laid
down in an enterprise architecture and domain sechires where available. Thus all
cases confirm that there is some form of verticalidedge integration required. The
extent of the rules and directives, however, vaietsveen the cases.

BANK1 has but few direction-setting architecturalcdments. There is a high-
level enterprise architecture, but this is regarbgdmany as too abstract. It is not
fully understood and is not always considered useéfluch architectural effort is
spent on the operational level, providing projeeith a project start architecture.
Between the PSA and the EA there is a gap. As aetprence, the architects do not
work from a common background and there is no diveiew of how the various sub
domains are related to each other. Each architectdiestablish the relations to other
programs and domains anew and has to find the ppate persons to ensure
alignment. In some sub domains guideline documargsproduced, like integration
guidelines and principles for customer relation agement. These types of
documents are considered very valuable and usgfpidgram managers.

A source of tension between the IS architects &edlT architects of BANKL1 is
the difference in assignment for the two. IS isulsed on supporting the dynamics of
the business while IT is focused on standardizaaiodh industrialization. There is no
overarching architecture to solve this differencgaoal.

BANK2 and GOVERNMENTAL both have an enterprise detture that sets
directions and guidelines for the other levels. BENN addition has lower levels of
architectural documents. Counting all levels ofh#tecture, starting at holding level
and all the way through to project level BANK?2 digfuishes 4 levels of architecture.

Horizontal integration. Horizontal division of work is seen especially tae
tactical level, where in all three cases a divisiomlomains is made, with architects
being assigned to a specific domain and architedieing split up in various domain
architectures. Domain architectures may be busitiess oriented (processes and
applications) or technical oriented (aspects ohmézal infrastructure). This is a
difference with the strategic and operational lewdlere the various aspects and
domains are integrated into one document, the Epeaetively the PSA. As one
person is usually end responsible for EA or PS&nethough more architects may be
involved, integration of the various specializea¥tedge domains is guarded by this
person. At the tactical level this end respongipils less evident and less easily
fulfilled. This is illustrated in all cases, as hacase is wrestling with the tactical
level, though in different ways. Whereas BANK1 ad8@VERNMENTAL deal with
a lack of domain architectures, BANK2 deals withwiade variation of domain
architectures of differing scope, content and fdrr@me way of addressing the issue
of integration we found in BANK2 and GOVERNMENTALs ito educate the
architects in frameworks and concepts and to forkmd of architecture community
that convenes regularly.

Within the IT department of BANK1 a few architecise assigned the task of
guarding the coherence of the domain architectwesr the various technical
domains. They find this a very hard task to do.yOetently they changed tack from
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discussing issues with each domain architect segprdo getting the domain
architects together. This is felt as an improvemeut is still in its infant stage.

At operational level a tension is felt in BANK1 kgome solution architects
between the application part and the technicabstfucture part of the PSA. These
two parts fall under different responsibilities athd processes of approval are not
always aligned. This shows that at the operatideng! too, horizontal integration
may be an issue. Also, some technical archite@stfeir involvement in writing a
PSA is not timely enough. They are involved atlaie a stage. Many feel that in this
process, IT could be involved at an earlier stagg that a more collaborative mode
of operation is desirable. BANK1 tends to use seqing at the operational level,
business talking with IS and IS talking with IT,thhis is not found very satisfactory
by IT: the last in the line keeps running after thets.

In BANK2 domain architects are found to be of dififiggy success in defining
domain architectures. Those efforts that are peeceds being the most successful are
the ones in which there is a close collaboratiomvben the various parties involved
and in which the domain architect is also involuedhe programs that are to realize
the domain architecture.

GOVERNMENTAL is still in the process of implemergithe tactical level. There
is an EA as well as a PSA process. As a gap idétliteen EA and PSA, initiatives
have started to appoint domain architects that tarelevelop business domain
architectures. A template for domain architecturas been defined. The boundaries
of the domain architectures are defined in the EA.

Boundary objects. The use of boundary objects can be encounteredrious
ways in the cases. Both BANK2 and GOVERNMENTAL makee of an
architectural framework to support integration. idontal integration is supported by
the sharing of concepts from the framework. It e a common ground that
facilitates integration. Besides, in GOVERNMENTAhet EA defines the boundaries
of the domains at the tactical level. Vertical gretion is supported by reflecting the
framework in templates for enterprise architecta@main architectures and project
start architectures. By using the structure of fifleenework as the outline for the
architectures at the different levels, it is eatderheck the alignment of the levels.

At BANK2, however, there have been a number ofdtiites recently to develop
new kinds of domain architectures, using other iggctural frameworks and
templates. These initiatives emerged bottom up.s Thindermines the use of
frameworks and templates as boundary objects. €keltris that it has become
increasingly difficult to identify interdependensiebetween domains. This was
identified as problematic by program managers.

Interconnectedness. The cases also differ in how interconnectednessden the
architects is realized. In BANK2 interconnectednésslarge, primarily because
collaboration and using one’s informal network idasic part of the organizational
culture. Much architecture emerges in what the isgcts themselves call an organic
fashion: there is much collaboration and many rdbeir informal network as an
important success factor. All architects are parthe architectural community that
meets for a day at least four times a year. Whésedagbout responsibilities the
answer frequently is that responsibility is sharathong the stakeholders.
Architectural documents are approved by having theviewed by a large number of
stakeholders.



Proceedings of BUS TAL 2009

In GOVERNMENTAL too, interconnectedness is largaeTarchitects know each
other. A kernel team meets weekly, mainly to discaschitectural issues but topics
concerned with methods and processes can also tenpthe agenda. A lot of
knowledge integration is thus done in an informahmer.

In BANK1 the architects work very much individudigally, though there are
differences between the business lines. On the ewntibére is no architecture
community to speak of, nor is there a common laggudhis applies especially to
the tactical level. Architects at this level mainhork with analysts and project
managers. If architects work with other architetiss is because the project requires
it. There is little discussion on meta level abonéthods, best practices, joint
architectural products or architecture vision. lomg business lines, however,
architects are starting to engage in sharing kndgdein regular meetings. Not long
after our case study, the IS architects of theediffit business domains decided to
convene regularly to exchange knowledge and expegieand to align decisions, as
they felt that this was missing in the formal stuwe. Also one of the architects
responsible for the resilience of the architecttitanged tack from having bilateral
meetings with various domain architects to getéigdomain architects together to
discuss interdependencies. These developmentsalieis need for interaction among
architects at tactical level.

Fit between requirements and capacity. As for the fit between requirements and
capacity, we see that BANK1 seems to have sometifimgmismatch with regard to
horizontal integration at tactical level. The lam@ount of domain architects in this
case asks for explicit integration efforts, but dmdy integration mechanism offered is
that of templates. Interconnectedness was not eaged or facilitated in the past and
is only now being developed. Thus group problenviagl and decision making as
integration mechanism is not implemented yet. As/éotical integration, a gap exists
between the strategic level and the operation&l Jevhich makes it more difficult for
the project architects to formulate the guidelif@gprojects.

Though interconnectedness in BANK2 is much largeBANK2 too, integration
at tactical level is problematic. Though intercacteelness is better developed than in
BANK1, as there are regular meetings and as ttseaelarge informal network, what
seems to be lacking is the full use of a frameveoré templates as boundary objects.
It is felt by many that the cohesion between thenynarchitectural documents is
unclear and that nobody knows the whole picturerarg.

At GOVERNMENTAL integration issues are limited ttregegic and operational
level, as the tactical level is not implemented. yédrizontal integration is mainly
realized by interconnectedness. This is sufficitmt GOVERMENTAL at the
moment because the number of architects is stélllsivlost issues are solved at the
weekly architecture meeting. Vertical integration implemented by way of an
enterprise architecture. Gaps between the enterprishitecture and the project start
architecture are solved through interconnectedness.

3.4 Discussion

The cases seem to largely support our conceptudéimdhe suitability of rules and
directives as integration mechanism for verticagnation is supported by all cases,
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in the form of architectural documents at the défé management levels (enterprise
architecture, domain architectures and projectt starhitectures). Where there is a
lack of architectural documents, integration betwsiategic, tactical and operational
level is less efficient. The cases also supporsthtement that rules and directives are
not suitable to horizontal integration. Horizontategration appears to be a tough
issue, especially at the tactical level. The casesn to support the proposition that
group problem solving and decision making is needed

Architectural documents regularly function as baanydobjects. Templates can be
regarded standardized forms and an architectueahdwork provides coincident
boundaries (vertical integration). Both the usebofuindary objects and sufficient
interconnectedness are found to facilitate grogblem solving and decision making
at the tactical level, though neither seems sfficiin itself. It appears that it is
important to find the right balance between the weboundary objects and
interconnectedness. If this mix is not presentsee a mismatch with the integration
requirements of tactical integration and a conseglaek of successful integration.

The horizontal integration needs explicit attentimpecially at the tactical level, as
at this level there is no one single document ihéieing worked on as is the case at
the strategic and operational level.

4 Evaluation and Conclusions

In this paper we investigated the tension thattexismany large enterprises between
the need for division of work among architects #mel requirement of developing an
integrated set of architectural principles and nt®dgpanning all aspects of the
enterprise. We found that there are two types wisidin of work that set different
requirements on knowledge integration. Making ukeesults from the fields of IS
research, organizational theory and sociology weved at a conceptual model of
architectural knowledge integration linking knowged integration mechanisms to
types of division of work. We tested the propositiaderived from this conceptual
model in a case study. The cases confirm that fafristegration among architects
are needed and that the use of boundary objects thed measure of
interconnectedness are important factors in achigthis integration.

There are limitations to our research. Though tireceptual model of architectural
knowledge integration seems to be supported byc#ses, our research represents
initial theory-testing and a series of replicatidasneeded to enhance the theory’s
generalizability as well as to further investigateether other factors may be relevant
to our model. The results so far, however, are [Biom.

Our research suggests some additional areas ofstigadon. The apparent
importance of interconnectedness in realizing thevwkedge integration mechanism
of group problem solving and decision making watségarther investigation in how
this interconnectedness might be stimulated. Orteeoireas of research that seems a
promising venue to further investigate this, isesgsh into communities of practice
[28, 29] and epistemic communities [15]. A commuraf practice is a group whose
members regularly engage in sharing and learniagedb on their common interests.
Communities of practice develop connections amongctjpioners, fostering



Proceedings of BUS TAL 2009

relationships that build a sense of trust and niwtbhhgation and creating a common
language and context. The common ground for amtisiteould be the architectural
discipline, even if the domain of architecture @iff. An epistemic community is a
group of agents that share a common goal of knayeledeation. Where they are self-
organized they share some characteristics with aamities of practice.

Another direction that in our view merits furthewestigation is that of routines. A
guestion that remains to be answered is whethefighiof architecture has just not
matured enough to make routines feasible, espgcfall horizontal knowledge
integration, or whether this will never be the cdsecause of the nature of
architecture. In other words: is the lack of roatinn present day architecture work a
matter of time (architecture being still a relatiwenmature field) or is architecture
work inherently too diverse to ever be supporteddugines.

The implications of our research for practitionars twofold. First our research
suggests that practitioners should invest in bagdan architecture community in
which architects exchange ideas, experiences ast gractices, and discuss the
interdependencies between their respective areaxpdrtise. An important part of
best practices is the effective use of boundargabj Practitioners should invest in
choosing a common framework and in developing esédhplates that can bind the
various domains together.
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Foorthuis for their stimulating discussions durthg execution of this research.

References

1. Lankhorst et al.: Enterprise Architecture at Wo8gpringer, Heidelberg (2005)

2. Ross, J.W., Weill, P., Robertson, D.: Enterprisechitecture as Strategy. Harvard
Business School Press, Boston (2006)

3. Versteeg, G., Bouwman, H.: Business architectureew paradigm to relate business
strategy to ICT. Information Systems Frontier, 8,192 (2006)

4. Wagter, R., Van den Berg, M., Luijpers, L., Van eteergen, M.: Dynamic Enterprise
Architecture: how to make it work. Wiley, HobokezDQ5)

5. Buchanan, D., Huczynski, A.: Organizational behgvian introductory text. Fifth edition.
Prentice Hall (2004)

6. Grant, R.M.: Prospering in dynamically-competitivenvironments: organizational
capability as knowledge integration. Organizaticie8ces, 7 (4), 375-387 (1996)

7. Ditillo, A.: Dealing with uncertainty in knowledgetensive firms: the role of
management control systems as knowledge integrati@chanisms. Accounting,
Organizations and Society, 29, 401-421 (2004)

8. Van den Berg, M., Van Steenbergen, M.: Building earterprise architecture practice.
Springer, Dordrecht (2006)

9. Foorthuis, R.M., Brinkkemper, S.: A Framework foodal Project Architecture in the
Context of Enterprise Architecture. Journal of Eptise Architecture, 3 (4), 51-63 (2007)

10. Van der Raadt, B., Van Vliet, H.: Designing the éptise Architecture Function. In:
Becker, S., Plasil, F., Reussner, R. (Eds.) Qo8882LNCS 5281, 103-118, Springer-
Verlag Berlin Heidelberg (2008)

11. Dul, J., Hak, T.: Case study methodology in busnesearch. Butterworth-Heinemann,
Oxford (2008)



Proceedings of BUS TAL 2009

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Grant, R.M.: Toward a knowledge-based theory of finm. Strategic Management
Journal, 17, 109-122 (1996)

De Boer, M., Van den Bosch, F.AJ., Volberda, H.\Wlanaging organizational
knowledge integration in the emerging multimedianptex. Journal of Management
Studies, 36 (3), 379-398 (1999)

Ravasi, D., Verona, G.: Organising the processnoiwkedge integration: the benefits of
structural ambiguity. Scandinavian Journal of Maragnt, 17, 41-66 (2001)

Cohendet, P., Llerena, P.: Routines and incentitresrole of communities in the firm.
Industrial and Corporate Change, 12 (2), 271-29032

Becker, M.C.: Organizational routines: a reviewttd# literature. Industrial and Corporate
Change, 13 (4), 643-677 (2004)

Pentland, B.T., Feldman, M.S.: Designing routines:the folly of designing artifacts,
while hoping for patterns of action. Informatiorda@rganization, 18, 235-250 (2008)
Star, S.L., Griesemer, J.R.: Institutional ecologyanslations’ and boundary objects:
amateurs and professionals in Berkeley’'s MuseuMeofebrate Zoology, 1907-39. Social
Studies of Science, 19 (3), 387-420 (1989)

Reich, B.H., Benbasat, |.: Factors that influenbe social dimension of alignment
between business and information technology objestiMIS Quarterly, 24 (1), 81-113
(2000)

Schmidt, K., Wagner, |.: Coordinative artifacts architectural practice. In: Blay-
Fornarino et al. (eds.) Proceedings of the fiftterinational conference on the design of
cooperative systems, 257-274, I0S Press, Amste(daa®)

Huang, J.C., Newell, S.: Knowledge integration psses and dynamics within the
context of cross-functional projects. Internatiodalirnal of Project Management, 21, 167-
176 (2003)

Kearns, G.S., Lederer, A.L.: A resource-based vwstrategic IT alignment: how
knowledge sharing creates competitive advantageiside sciences, 34 (1), 1-29 (2003)
Van Eck, P., Blanken, H., Wieringa, R.: Project GRA Towards Operational
Architecture Alignment. International Journal of dperative Information Systems,
13(3):235-255 (2004)

Campbell, B.: Alignment: Resolving ambiguity withibounded choices, PACIS 2005,
Bangkok, Thailand, 1-14 (2005)

Chan, Y.E., Reich, B.H.: IT alignment: what have lgarned? Journal of Information
Technology, 22, 297-315 (2007)

Yin, R.K.: Case Study Research, design and methbds, edition. SAGE Publications,
London (2003)

Van Steenbergen, M., Van den Berg, M., Brinkkemp®r, A Balanced Approach to
Developing the Enterprise Architecture Practice. Filipe, J., Cordeiro, J., Cardoso, J. (Eds.)
Enterprise Information Systems, LNBIP 12, 240-2330(7)

Brown, J.S., Duguid, P.: Organizational learningl @ommunities-of-practice: toward a
unified view of working, learning, and innovatio@rganization Science, 2 (1), 40-57
(1991)

Lesser, E.L., Storck, J.: Communities of practicel @rganizational performance. IBM
Systems Journal, 40 (4), 831-841 (2001)



