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Abstract: Enterprise architecture is a young, but well-aceémiscipline in in-
formation management. Establishing the effectiveriésn enterprise architecture
practice, however, appears difficult. In this pagerintroduce an Architecture Ef-
fectiveness Model (AEM) to express how enterprisehigecture practices are
meant to contribute to the business goals of amrorgtion. We developed an
AEM for three different organizations. These thiegtances show that the con-
cept of the AEM is applicable in a variety of orgaations. It also shows that the
objectives of enterprise architecture are not todstricted to financial goals. The
AEM can be used by organizations to set cohereatities for their architectural
practices and to define KPIs for measuring thectiffeness of these practices.

Keywords: Enterprise architecture, organizational effectiemecause effect,
key performance indicator, design research, arctite effectiveness model.

1 Effectiveness of enterprise architecture

Enterprise architecture, the practice of develoging applying a consistent set of
rules and models that guide the design and implétien of processes, organiza-
tional structures, information flows, and technitdtastructure within an organi-
zation [22], is a relatively young, but well-accegtdiscipline [4, 14]. The disci-
pline is in a stage of development as is evidermethe many practitioners con-
ferences dedicated to the practice of enterprighitacture, the rapid emergence
of books on the topic and the emergence of staimsdioh efforts [10, 18].
Establishing the effectiveness of enterprise aechitre, however, appears dif-
ficult [10, 16]. The effect of architecture on thasiness goals is indirect and the
difficulty in linking the two may be compared tcetlifficulty of linking learning
and growth efforts to strategic objectives [8]. Thiele ranging nature of enter-
prise architecture makes it difficult to quantifiyetimpact of architecture [10],
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though the need for clearly expressing the contiiGbuof architecture to the or-
ganization’s goals is increasingly felt. Enterprsehitecture teams are under con-
stant pressure to demonstrate their value to thanization [23]. The topic of ar-
chitectural effectiveness also starts to appegprofessional conferences [5, 19].
Some statistical evidence of effectiveness is appgdl]. However, statistical
evidence alone does not help an organization tarlglelefine the contribution of
architecture to their business goals. In additronch effectiveness research con
centrates on financial benefits [1, 15]. We wiljae that this is too limited a view.

In this paper we present an Architecture EffecttssnModel (AEM) that can
be used to model the contribution of the architedtpractice to the organization’s
business goals. The AEM is based on the concegauge-and-effect. As such we
work in the tradition of the balanced scorecardg711, 16] and especially the
strategy map [8]. Other applications of the caufecemodel in the field of en-
terprise architecture are [3] and [12]. Though ¢hese-effect model can occasio-
nally be encountered in the architecture profesgaxpress the objectives of the
architectural practice in a specific organizatiertensive research into its use as
an instrument to express intended and actual efeewtss of architecture has as
yet not been done. Our research is akin to researdimne maturity of enterprise
architecture [3, 14, 17]. However, we focus on ¢batribution of architecture to
business goals, rather than on how well the arctbite processes are performed.

The approach we took in developing the AEM is tbhtdesign-science re-
search [6, 21]. We tested the concept of the AERhiae cases. We found that the
AEM is applicable as an instrument in all threeesadut that the exact instantia-
tions of the AEM in the three cases varies. It appehat the three cases differ in
their objectives of practicing enterprise architeetand that these objectives are
not limited to financial gains. In terms of thed@brdomains of business perfor-
mance of [20], architecture contributes to busimes$ormance, or even organiza-
tional effectiveness, not only to financial perfemce.

In section 2 the structure and aim of the AEM iscdssed. Its application in
three cases is described in section 3. Sectiompares the three applications. In
section 5, we discuss conclusions and suggestirfarther research.

2 The ar chitectur e effectiveness model

The goal of our research is to develop an instrurfenmaking explicit the in-
tended and actual contribution of the architectpraictice to the organizational
goals. As we are dealing with a new solution tatheinto unsolved problem: the
explication of the effectiveness of an enterprigghigecture practice, this may be
considered a case of design-science research ff@in Bur goal we defined re-
quirements, assumptions and specifications foirtbieument as recommended by
[21]. Examples of the requirements we formulateal (@) The formulation of the
intended contribution of the architectural practite the business goals must be
tuned to the organizatiorif the contribution of architecture is statedgeneral
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terms only, it is very difficult to make the contiea to what is actually happen-
ing in the organization; (2ZJhe line of reasoning from architecture to business
goals must be transparerifhe instrument must be crystal clear as architeds
often considered rather abstract. From the formedlaequirements we reasoned
that a cause-effect network seemed a suitable meggysuch a network allows us
to build an explicit link between architectural gtiee efforts and business goals
by means of a number of intermediate steps. Theelor this kind of solution
was strengthened by its similar kind of use in strategy map of [8]. The AEM
that resulted relates architectural efforts to hess goals by building a cause-
effect based network. Figure 1 shows the genanadtsire of an AEM.

Enterprise Ultimate
Architecture Business
Practice Goal

»

Architectural Organizational Business
results performance goals

Fig. 1. The general structure of an Architecture EffectaeModel

The basic concepts of an AEM are the effect, regmiesl by a rectangle and the
cause-effect relation, represented by an arrow dmtwiwo rectangles. An effect
in this context is defined as an intended resultafise-effect relation represents
the purposeful contribution of one effect to anotfiéect.

The AEM is intended to reflect the objectives oftatecture for an organiza-
tion in the next couple of years. It shows whatahehitecture practice strives for.
This implies that it represents a choice: theneoisone right model, only a model
that is agreed upon within the organization. Th&antiation of an AEM differs
between organizations. As figure 1 shows, an AEMtaios on the left the enter-
prise architecture practice, the whole of actigitieesponsibilities and actors in-
volved in the development and application of enisgoarchitecture within the or-
ganization. On the right it contains the ultimatesipess goal: the primary goal of
the organization. The steps in between link the two

An AEM can be modelled as an acyclic directed grdiptonsists of nodes and
directed edges. The nodes represent effects tbatemirable for the organization.
Examples are ‘having overview’ or ‘better projeontrol’ or ‘reduced costs’. The
edges represent the unidirectional relation ‘coates to’. The word ‘contributes’
is used instead of ‘causes’ to reflect the fact tha contributing effect need not
be the sole factor influencing the resulting effdetperience with enterprise ar-
chitecture in many organizations suggests thateffexts (the nodes) can be di-
vided into three types. The architectural resules gositioned at the left hand of
the graph. These are the effects that are fullgrdghed by the architectural prac-
tice. The business goal effects are positionetieatight hand of the graph. These
are the business results defined by senior manageifiee enterprise architecture
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practice is one of the factors contributing to thgeals. In between we find ef-
fects in the area of the operations of the orgdinizathe internal processes. We
call these effects the organizational performarféects. This division into three
types of effects echoes the categories of learaimygrowth, internal process and
customer perspective of the balanced scorecarggyranap [8].

AEM = (N,E) with N = (ARU OP U BG) the set of nodes,

where AR = Architectural Result effectsQP = Organizational Perfor-
mance effectd3G = Business Goal effects and

E the set of edges dvi (i.e. E is a subset dl X N) satisfying
OPXARNE=@andBGXxOPNE=@andBGx ARNE=0.

An AEM has only one source (node with indegreett®, Enterprise Architecture
Practice node, and usually also only one sink (neile outdegree 0), the Ulti-
mate Business Goal, though more than one sinksdsilple if an organization has
multiple purposes. Note that the model does natlpde AR effects to be related
directly to BG effects. In an AEM the following keffects may be distinguished

» Key stepA key step is defined as an effect that has botindegree and an
outdegree of a specified minimusnin other words, it has at leastontribut-
ing effects and it contributes itself to at leastther effects. Sa O N is a key
step iff indegreea() > s AND outdegreef) > s. The exact value cfis to be de-
termined yet. On the basis of the three cases we sdied so far, we have
setsto 3, for the time being. This seems a reasonedllee with respect to the
total number of nodes and edges in each of the ttases

» Key motivatorA key motivator is defined as an effect with thegkst indegree
(i.e. the largest number of contributing effec&).n O N is a key motivator iff
indegreef) = max (indegreet)), m O N. It is an effect that is the aim of many
other effects. Note that there may be more tharkegemotivator.

» Key enablerA key enabler is defined as an effect with the datgoutdegree
(i.e. the largest number of effects it contribut®s Son O N is a key enabler
iff outdegreef)) = max (outdegree)), m O N. It is an effect that contributes to
many other effects. There also may be more tharkepenabler.

The model as such presents the intended contribafi@rchitecture to the busi-
ness goals by way of a number of intermediate t®sBly attaching key perfor-
mance indicators (KPIs) to the effects, the actwadtribution over time can be
measured. Regarding the effects as goals, an agpplike the Goal Question Me-
thod [2] can be adopted to formulate KPIs.

3 Three applications of the AEM concept

The AEM concept has been applied in three orgapizsita large municipality, a
university of professional education and an intéomal financial institution. The
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three organizations have in common that they hablesn engaged in organiza-
tion-wide enterprise architecture initiatives famtto three years. The building of
the AEM was done by the architects of the orgarimatassisted by either busi-
ness strategy documents or opinion leaders. Theareser only fulfilled a mod-
erator role, asking questions and recording restitseach occasion the AEM
went through at least two versions. The final \@rsivas accepted by the person
in charge of the enterprise architecture practicevas generally felt, however,
that the AEM should always remain open to extengiom new insights or needs.
The three organizations are of different type, ohéhem being a commercial
profit organization, one an educational institutieith a not-for-profit goal, but
with some goals of growth and a limited sense ofpetition, and one a munici-
pality strongly ruled by government regulationsisTtariation was intentionally
sought, as our objective was to test the use oAEM in different circumstances.

3.1 Case 1: A Municipality

The first application of the AEM is in a municipgliof more than 200,000 citi-
zens. The municipality has about 2200 employees tat00 of which work in IT.
Architecture is the responsibility of the Polici€dtandards and Programs team
which is positioned within the IT department andhgists of seven employees,
three of which have the role of enterprise architec

A preliminary AEM was established in a workshophwéight participants. The
lead architect selected the participants from theous architecture stakeholder
groups: architects, program managers, controllefsrmation managers, IS man-
agement. Brown paper techniques were used to thel(AREM. At the far left of
the brown paper a card was put with the text ‘gmtse architecture practice’. At
the far right a card was put with the text ‘coaliticharter’, as the realization of
the coalition charter was the primary goal of thenmipality organization. The
purpose of the exercise was explained as filling gap between the two, or in
other words, determining what the architecturakcpca should contribute to re-
alizing the coalition charter. Participants wemstfiasked to write down on cards
the results they thought architecture should delorecontribute to. These were
used as a base to build the model together. Sgaatithe right, the moderating re-
searcher asked if anyone had written down a résattwould contribute to realiz-
ing the coalition charter. One participant voluméeka card with the text ‘custom-
er service’ which was added to the brown paperh® left of the ‘coalition
charter’ card. This called forth other cards frothew participants. Each card was
discussed and after consensus was reached it wlas @ the right place on the
wall. When the flow of cards stagnated attentiors waned to the left side of the
wall. This time the question was to indicate theults of practicing enterprise ar-
chitecture. This brought forth a new flow of cardsth architectural results like
‘standards’, ‘common framework’ and ‘overview’. Whihe participants felt they
had no more cards to add, the group turned torgolie gap between left and
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right. This constituted the final stage of builglithe AEM. After the workshop,
the AEM was distributed among the participantsréiew. A few simplifications
were suggested, which were finalized in a secondstmp. These simplifications
dealt with combining a number of cards into one. iRstance, the combination of
‘data consistency’, ‘data integrity’, ‘data reliity’ and ‘data security’ into the
one result ‘trusted information’. In figure 2 tHadl AEM is shown. The colors re-
flect the three types of effects, blue (grey, dbtli@e) for architectural results,
green (dark grey, solid line) for organizationarfpemance effects and yellow
(light grey, stripes) for business goals.

I~ TPersonai | [t

4
i development Ability to =
Being able I development| o)
to measure 1 thanae 1
= | | g ——
1

--------

;
i
d R
1 Priority —1ll | tema—aa—aa
........... - - 1 setting !
3 Reference | __ S i
architectureq | Recognizablg
]

\ Goals 4
[ Exchangel | Supply |
chain 5

N

Trusted
linformatio

T Enterprise &
WArchitecture
i _Practice_}

Municipality
as

information  kollaboratior
Internal ”
Services L

rnmer
outlet

yiaimion]
eLcharter ]

¢ l Flexibility
i Building }
i blocks ¥ .
---------- Parsimony
with
resources

Fig. 2. The AEM of a municipality
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Effects like ‘employee satisfaction’, ‘personal d®pment’, ‘organizational de-
velopment’ and ‘identity’ show a focus on employeesl organization. The key
nodes are all in the categories of architecturslilie (‘common framework’) and
organizational performance (‘project performanced atrusted information’).
This case was the only one with two end nodeslitiaa charter’ and ‘municipal-
ity as government outlet’, reflecting the dual dwer of the municipality in hav-
ing its own coalition goals as well as being a espntative of government.

After it was completed, the AEM was used to defia¢hs from the start node
to the end node, in order to set priorities in dedture activities. An example is
the path ‘enterprise architecture practice’, cdmiiés to ‘architectural review’
contributes to ‘project performance’ contributespgmcess implemented’, ‘means
available’ and ‘organization in place’ contribute‘employee satisfaction’ contri-
butes to ‘customer service’ contributes to ‘coatitcharter’. It was decided to de-
fine KPIs on this path for the effects ‘project feemance’, ‘process imple-
mented’, ‘means available’, ‘organization in plaeed ‘employee satisfaction’.
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3.2 Case 2: A University of Professional Education

The second application of the AEM concerns a usiteiof professional educa-
tion with more than 16,000 students and about 1&9@loyees. The university
has an IT department of about 50 employees. Arctuite is taken care of by the
one information architect. The preliminary modelsvestablished in a joint effort
between the information architect and one of tiseaechers. The researcher main-
ly asked questions for elaboration to sharpen ¢asoning of the information ar-
chitect, whereas the information architect buitt #ictual model. In this case too,
the building process started at the right, thenddrto the left and finally closed
the gap. The ultimate business goal for this omgtiin was ‘playing its role in
society'. Building the preliminary model took sixurs. The resultant model was
validated by the director of one of the divisiotise Centre of Innovation and
Knowledge Distribution, a key stakeholder of entisg architecture. The archi-
tect was also present in this discussion. We emxpththe purpose and structure of
the model. Then we concentrated on the busineds god asked the director if he
recognized the goals and if he had any additiop&riafrom fine tuning some of
the goals, the director made two main additionsceaning accreditation and part-
nering. This worked through in the organizationatfprmance effects by putting
more focus on ‘exchange of information’ and ‘qualitf information’. Architec-
tural result effects were not changed. The focuhénemergent model was much
on supporting the primary processes and faciligatiollaboration. Most nodes fall
within the category of business goal effects. Thg kodes are all in the areas of
organizational performance (‘exchange of inform@dioand business goals
(‘aligned process’, ‘more students’). As with theimitipality, financial goals do
not occur in the model. Due to space limitatioresabtual AEM is not included.

3.3 Case 3: A Financial Institution

The third application concerns a multinational fioal institution with more than
60,000 employees. Architecture is positioned wittlie Operations department
(14,000 employees) and consists of both globaliwmeis and architects within the
various divisions. In all there are about 175 dsstis.

In this case, the model was discussed and revigegious people in varying
constellations. The model was made within the cardéan architecture maturity
improvement program. The preliminary model waslgdisthed in a joint effort be-
tween the person responsible for the architectomgrévement program and the
researcher and then refined over a number of seeesions, incorporating input
from discussions with various architects, until fheal version emerged. In this
process each contributor added his own concerrbetanodel. One person fo-
cused on the professionalizing effect of architegtwnother introduced effects
concerning simplification. These additions concdr@echitectural result nodes
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and organizational performance nodes. The sourncehf business goal nodes
were existing strategic documents. The ultimateinass goal in this case was
‘continuity and profit’. Figure 3 contains the fimaodel.
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Fig. 3. The AEM of a financial institution

The focus in the financial AEM is on organizatiopabcesses and control. The
key nodes are in the architectural results are@n@ardized solutions’, ‘over-

view’) and organizational performance area (‘sifingdition’). Professionalism

and control are two areas that are unique to #ss.c

4 Discussion

The AEM instrument could be applied to all threse=a In all cases the distinc-
tion between architectural results, organizatiopatformance effects and the
business goal effects could be established. Andgihdhe actual definition of the
nodes in these three categories differed, we cantifg¢ a common core: nodes
like ‘overview’, ‘standards’, ‘flexibility’, ‘exchage of information’, and ‘project
performance’ are shared among two or all thredhefmodels. Though the model
does not preclude a direct relation between arctoital results and business goal
effects, the three cases show no such direct Imkhe cases, all architectural re-
sults are linked to business goals via organizatigerformance effects. It is a
matter for further research to investigate whethiris the case in general.
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The differences between the three instantiatiofisatethe characteristics of the
organizations. In terms of the value dimensionfl8f, the municipality exhibits a
more internal focus than the university which isrenexternally focussed. On the
structure dimension the financial institution extsta greater tendency to control
than the municipality. Though the number of thre¢oio small to draw any defi-
nite conclusions, the cases do indicate that ttended contribution of the enter-
prise architecture practice to the business geabaitly organization specific and
can not be expressed fully in general terms. liy onke case financial results play
an important role.

Table 1 shows some figures for the three casesntilmbers between brackets
show the number of incoming (key motivator) or aing (key enabler) edges.

Table 1. Statistics of findings of cases

Characteristic Municipality Education Financial
Number of effects 32 48 48
Distribution over EA/OP/BG 12/9/11 17/1102 14/18/16
Number of relations 52 78 83
Key steps Project performance Aligned process Simplificatipn
Standardized
solutions
Key motivator Project More students Standardized
performance (5) (5) solutions (4)
Key enabler Common framework (4)| Exchange of in-| Overview (6)
Trusted information (4)| formation (6)

A number of additional observations can be made ffinee cases do not differ
greatly in AEM size and the distribution of nodegothe three categories is quite
evenly. The cases do differ in key node type: aechiral results (‘standardized
solutions’ and ‘overview’) and organizational perfance (‘simplification’) for
the financial institution, organizational perforneen(‘project performance’ and
‘trusted information’) and architectural resultsqmmon framework’) for the mu-
nicipality and business goals (‘aligned process! ‘@amore students’) and organiza-
tional performance (‘exchange of information’) tbee university. The number of
three cases is too small to draw any definite agichs from these observations,
so we will leave that to further research.

Much of the benefit of the AEM lies in the procegsuilding the model. The
three cases showed that building the cause-effeghdrom the enterprise archi-
tecture practice to the primary business goalsuitites the architecture stake-
holders to reflect on the real value of architeetfor their organization. As the
cases also show, the development of an AEM carobhe th various settings, var-
ying from a sequence of bilateral exercises to &slwp with up to ten partici-
pants. As the AEM is a normative model, essentighie process is the final ac-
ceptance of the model by the person responsibldnéarchitectural practice.

An AEM can not only be used to show the intendewtrifoution of the enter-
prise architecture practice to the business gttatan be taken one step further in
defining key performance indicators to measure ¢bistribution over time. From
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the model we can select effects we wish to mea&ineria for selecting these ef-
fects are the importance of the effect in the oizgion, the extent of influence of
architecture on the effect and the feasibility afasuring KPIs for the effect. A
good practice is to select two or more effects #ratdirectly linked, at least one
that is largely determined by the architecture ficacand at least one that lies in
the organizational performance or business goal.drethis way progress in an
architectural result is linked to progress in agamizational result. In any AEM,
many paths can be chosen from the start node toefitk node. Each path
represents a line of reasoning connecting the taathre practice to the business
goals. By choosing KPIs on one path, a coherentipyisetting is achieved.

5 Evaluation and conclusions

We evaluated the design of the AEM against the regnadelines formulated by
[6]. Table 2 summarizes the results of this evadmat

Table 2. Applying the guidelines of Hevner et al. 2004 te %AEM

Guideline 1: design as an artifact Our researciveteld a construct, a model and a
method as described in sections 2 and 3.

Guideline 2: problem relevance The AEM definitetems to fulfill a need, as ex
pressed in section 1 of this paper.

Guideline 3: design evaluation The AEM is appliedhree types of cases (extef-

nal validity). Construct validity is striven for by

using multiple participants in building the model
Reliability is achieved by describing the process
by which the different AEMs were built. Internal
validity is not applicable as the case studies wefe
exploratory in iature[24].

Guideline 4: research contributions The contribui®mainly to the design founda-

tion in that it presents a novel way of making

explicit the contribution of enterprise architeetur
to the business goals.

Guideline 5: research rigor The approach is intthdition of the balanced
scorecard.
Guideline 6: design as a search proces$ Requirememe defined excluding certain ap

proaches as described in section 2.

Guideline 7: communicatioof researcl This paper to the research counity.

There are some limitations to our research soTfiae. AEM has been applied to a
municipality, a professional university and a fingh institution. From these ap-
plications some interesting similarities and difieces can be derived. However,
the number of three cases is very limited. We idtém extend the number of
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AEMs in the future which will make it possible toalyze a larger sample. Also
the three applications differed somewhat in th@aananner the AEM was built.
Though in all cases the approach of starting atritiji@, moving to the left and
then closing the gap was followed, this was dona iworkshop setting in one
case, in a face-to-face meeting with an informatochitect in the second case,
and in a number of consecutive sessions with vgrgarticipants in the third case.
These differences sprang from practical reasonsilynahs an anonymous re-
viewer pointed out to us, it might be interestingrvestigate whether a standard
implementation model could be developed.

It must be borne in mind that architecture is et only factor contributing to
the organizational performance and business gbafsractice this means that ac-
tual KPIs have to be closely investigated to exptakeir actual values. But this is
good practice for any KPI measurements.

In this paper we presented an instrument for modetie contribution of the
enterprise architecture practice to the organinatigoals, the AEM. We tested
the AEM in three very different organizations. TREM appeared applicable to
all three organizations, resulting in instantiatidhat clearly reflect the charac-
teristics of the organization and provide a transpaconnection between the en-
terprise architecture practice and the ultimatdriass goal. The AEM presents a
novel way of making explicit the contribution of terprise architecture to the
business goals and as such enables further resetodhe effectiveness of enter-
prise architecture. It fills a gap that up till nexisted between the architecture
practice and the area of achieving business goals.

The three cases show that not every organizatifocissed on financial goals.
Our conclusion is that the focus of much researcfirancial results is therefore
excluding whole categories of use of enterpriséniggcture in organizations. In
our view a purely financial approach to architeetaffectiveness is too restrictive.

The AEM shows similarities with the balanced scardc(BSC) strategy map
in that it links organizational efforts to orgaripmal objectives by a cause-effect
relation. The BSC perspectives of customer andnatgrocess are recognizable
in the business goal effects and organizationdopmance effects, respectively.
The architectural result effects are comparabtaédearning and growth perspec-
tive. In organizations that have implemented theCBthe AEM can be linked to
the strategy map. If no BSC is implemented, the AEMht be a first step in
doing so. As architects are usually very knowletigeabout the organization,
they are likely candidates to initiate such anatiite.

The AEM adds to the existing research on architectoaturity [3, 14, 17] by
focusing on the contribution of architecture to thesiness goals (effectiveness),
rather than on how well the architecture processesperformed (maturity). It
would be interesting to relate maturity and effestiess. The hypothesis being
that a greater maturity should lead to a greafiectfeness. We intend to perform
a longitudinal study to investigate precisely ttakation.

Acknowledgement: The authors wish to thank Rik Bos, Wiel Bruls analgR
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