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On course, but not there yet: Enterprise architecture
conformance and benefits in systems development

Ralph Foorthuis, Marlies van Steenbergen, Nino Mushkudiani,
Wiel Bruls, Sjaak Brinkkemper, Rik Bos

Summary: Various claims have been made regarding the benefits that Enterprise
Architecture (EA) delivers for both individual systems development projects and the
organization as a whole. This paper presents the statistical findings of a survey study
(n=293) carried out to empirically test these claims. First, we investigated which
techniques are used in practice to stimulate conformance to EA. Secondly, we studied
which benefits are actually gained. Thirdly, we verified whether EA creators (e.g.
enterprise architects) and EA users (e.g. project members) differ in their perceptions
regarding EA. Finally, we investigated which of the applied techniques most
effectively increase project conformance to and effectiveness of EA. A multivariate
regression analysis demonstrates that three techniques have a major impact on
conformance: carrying out compliance assessments, management propagation of EA
and providing assistance to projects. Although project conformance plays a central
role in reaping various benefits at both the organizational and the project level, it is
shown that a number of important benefits have not yet been fully achieved.

Keywords: Projects, Enterprise Architecture, Benefits, Determinants of Conformance,

Ordinal Regression

1. Introduction

By providing holistic overviews and high-level constraints, guidelines and logic,
Enterprise Architecture (EA) aims to achieve coherent and goal-oriented
organizational processes, structures, information provision and technology (cf. Boh
and Yellin 2007; Richardson, Jackson and Dickson 1990; Ross, Weill and Robertson
2006; The Open Group 2009; Wagter, Van den Berg, Luijpers and Van Steenbergen
2005). Various claims have been made regarding the application and effectiveness
of EA, by academics and practitioners alike. At the level of the entire organization,
for example, benefits in the reduction of complexity and realization of business/IT
alignment have been claimed. At the level of individual systems development
projects, costs and risks are said to be brought down when complying with EA.
Since conformance to EA is crucial for gaining the aforementioned benefits (Boh
and Yellin 2007; Foorthuis et al. 2009; Goodhue et al. 1992), various techniques for
stimulating project compliance with EA are suggested in the literature. A complete
overview of techniques and benefits claimed by academics and practitioners will be
provided in a subsequent section of this paper.

Please refer to this article as: Foorthuis, R.M., Steenbergen, M. van, Mushkudiani, N., Bruls, W., Brinkkemper, S., Bos,
R. (2010). On Course, But Not There Yet: Enterprise Architecture Conformance and Benefits in Systems Development.
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As the need for hypothesis testing on the topic of Enterprise Architecture has been
identified in the IS research community (Boh and Yellin 2007; Kappelman et al.
2008; Niemi 2000), this paper aims to critically and empirically verify various
claims regarding EA benefits and conformance. To add to theory building, we
constructed an empirically supported regression model of determinants of EA
success, mainly in the context of projects. An important element here is the extent to
which projects conform to the EA’s norms or prescriptions (i.e. principles, rules,
standards, guidelines, models, et cetera). Both EA creators (e.g. enterprise architects
and managers responsible for delivering the Enterprise Architecture) and EA users
(e.g. project members applying EA constraints) contributed important perspectives
to our research. The first stakeholder group brought in important perspectives
regarding enterprise-wide aspects that remain invisible to local appliers. The latter
group offered views regarding actually applying EA in practice, aspects of which
might remain invisible to the creators of architectural constraints and guidelines.
Since we investigated the perceptions of both groups, it was also relevant to test
whether differences in evaluations of EA exist.

In short, the high-level research question of this paper is:

What benefits can be gained by conforming to EA, and what are the most
effective techniques for achieving conformance?

To answer the main research question, several sub-questions need to be taken into

account:

1. What techniques are applied in practice to stimulate conformance of
projects to EA?

2. What benefits does EA yield for individual projects conforming to its
norms?

3. What benefits does EA yield for the enterprise as a whole?
What differences, if any, are there between EA users and EA creators in
their evaluative perceptions?

5. Which of the techniques applied result in the most effective increase in
conformance to EA?

The overall theoretical framework is presented in the next section. Following this,
the specific claims regarding techniques and benefits — serving as the hypotheses to
be tested — are described in more detail by means of a literature review. The
subsequent sections present the empirical research approach and results respectively.
The final section describes the conclusions.

2. Concepts in Enterprise Architecture Conformance and Benefits

This section discusses how the concepts in our study of the application and
effectiveness of EA are interrelated. Several techniques can be used to stimulate
project conformance to EA. Amongst others, for example, assistance can be offered
to projects when applying EA prescriptions or projects can be assessed on com-



pliance. See the next section for a complete overview of techniques. Employment of
these techniques should lead to conformance of projects to EA, which, in turn,
should result in reaping the aforementioned EA-related benefits. The claimed
benefits of conformance to EA are multifold. For the organization as a whole, for
example, a coherent enterprise-wide strategy can be implemented — instead of local
optimizations — and business and IT can be aligned. For projects, for example, costs,
duration, complexity and risk are said to be reduced. The next section also presents a

complete overview of benefits.

Techniques for stimulating conformance | Benefits for the organization

Benefit 1
Benefit 2

Benefit 3
Benefit 4

Benefits for projects

Project
conformance

EA and
contextual
factors

Figure 1. Theoretical framework for project conformance and EA benefits

Furthermore, the effects of techniques and conformance might be influenced by
several contextual factors, such as the economic sector, organizational size and EA
focus (on business, IT or both). The diagram above visually presents the overall
theoretical framework, which has been used to structure our research and to
construct an empirically supported model for EA conformance and benefits.

Needless to say, in addition to conformance-stimulating techniques, more generic
techniques are equally crucial for success (Ward and Peppard 2002). Examples of
such best practices are the use of proven project management and system develop-
ment approaches, and involving high-quality staff in projects. Furthermore, all this
takes place in a specific context, where organizational culture, leadership and market
conditions have an effect on the organization and its projects. However, these
techniques are less relevant in this study since we focus on EA-related aspects.

3. Overview of Claimed Techniques and Benefits

We will now describe in more detail the techniques for encouraging EA
conformance and the benefits that can be gained when EA is actually applied. These
techniques and benefits are drawn from both academic and practitioner publications
and will serve as the hypotheses to be tested.



Techniques for Stimulating Conformance to Enterprise Architecture

To be able to reap its benefits, it is important that an EA is actually complied with
(Boh and Yellin 2007; Foorthuis et al. 2009; Goodhue et al. 1992). This sub-section
provides an overview of techniques that can be employed to increase conformance
to EA. For later reference, each technique is coded in parentheses with a capital T

(e.g. T1).

Ensure management involvement in EA. EA should enable the achievement of
strategic business goals (Morganwalp and Sage 2004; Obitz and Babu K 2009). In
this context, it may be important for management to formally approve the EA (T1)
(Van Steenbergen et al. 2010). Management should also ensure that the choices in
the EA are explicitly linked to the strategic business goals (T2). Furthermore, it is
necessary for management to actively propagate the importance of EA for achieving
these goals (T3) (Boh and Yellin 2007).

Assess EA conformance. Monitor projects and other initiatives on compliance with
the EA’s constraints and standards (T4), and use the results to take corrective action
(Boh and Yellin 2007; Ellis 1993; Foorthuis et al. 2009).

Create an active community for EA knowledge exchange. The division of
architectural domains over a number of domain architects, which is often felt
necessary in large organizations, carries the inherent risk of fragmentation and
misalignment. An active community of EA practice should enable knowledge
integration (Van Steenbergen and Brinkkemper 2009). This manifests itself in
organized knowledge exchanges between architects themselves (T5) and between
architects and project members (T6). Moreover, some authors stress that architects
should be actively involved in projects, as they can assist the projects in defining the
solution and applying EA norms (T7). For example, architects could be used as
consultants to periodically provide advice, or they can actively participate in the
project or some of its stages (Foorthuis et al. 2008, 2009; Slot et al. 2009; Wagter et
al. 2006).

Leverage the value of project artifacts. A Project Start Architecture (PSA) is a
document created at the beginning of a project. This deliverable inherits and
translates the EA’s prescriptions — such as rules, guidelines and models — to the
specific project situation (Wagter et al. 2006). In this context, a PSA can be regarded
as a specific form of what in TOGAF (The Open Group Architecture Framework) is
referred to as an architecture contract (The Open Group 2009). It describes the
tangible constraints within which the project must operate. Using a PSA (T8) can
therefore stimulate the project to comply with the EA’s norms (Wagter et al. 2006).
In fact, document templates in general can be employed to encourage conformance
(T9) for several reasons. First, they seem likely candidates to be used as ‘boundary
artifacts’ to encourage knowledge integration between architects, both between
organizational levels and between domains (Van Steenbergen and Brinkkemper
2009). Secondly, templates can be used to provide projects with pre-defined
structures and content prescribed by the EA, and provide the authors with
instructions on how to conform (Foorthuis and Brinkkemper 2008; Wagter 2006).



Use compensation or sanctioning for stimulating conformance. Incentives and
disincentives could increase the readiness of projects to comply with EA (T10). For
example, the IT-costs of conformance might be compensated for by the EA program
(cf. Foorthuis et al. 2009).

Claimed Benefits of Working with Enterprise Architecture

We will now describe the benefits, which shall be indicated with a capital B (e.g.
B1). The benefits of working with EA can be identified at two levels. First, the
organization as a whole should profit from EA in several ways:

EA enables management to achieve key business goals. First, EA is said to enable
management to pursue a coherent strategy that is optimal for the entire enterprise,
instead of local optimizations (B1). Individual domains and departments may strive
to pursue local interests. However, the firm as a whole will not benefit from
conflicting goals and an EA can provide the required holistic view of the enterprise
to balance different interests and solutions (Lankhorst et al. 2005). In addition, by
taking a holistic and multi-layered view, Enterprise Architecture is a valuable
instrument in aligning IT and the business processes it supports (B2) (Bucher et al.
2006; Gregor et al. 2007; Lankhorst et al. 2005). This is crucial, as business/IT
alignment is an important instrument in realizing organizational value from IT
investments (Henderson and Venkatraman 1993).

EA enables management of organizational complexity. Architecture can provide
insight into complex problems (B3). Insight can be gained by means of different
aspect areas (e.g. business, information, information systems and infrastructure) and
levels of abstraction (Capgemini 2007; Raadt et al. 2004). Complexity can be
managed (B4) by using a modular approach—which distinguishes between parts of a
system and their relationships —and architectural modeling languages (Lankhorst et
al. 2005; Versteeg and Bouwman 2006). Furthermore, implementing standardized
and automated processes should result in less complex technology environments
(Ross et al. 2006).

EA facilitates the integration, standardization and deduplication of processes
and systems. Years of organic growth have often led to various ‘silos’ or
‘stovepipes’, which do not leverage the potential of related or similar processes and
systems. The high-level overviews of an EA provide insights into the organization’s
processes and business and information systems. This enables the enterprise to
identify processes that could be integrated (since it is beneficial to share valuable
information), standardized (since similar processes can be supported by the same
systems) or even cut out (since redundancy can be replaced by similar processes)
(B5) (Capgemini 2007; Morganwalp and Sage 2004; Niemi 2006; Ross et al. 2006).
As aresult, costs can be controlled (B6).

EA enables the enterprise to deal with its environment effectively. Markets and
businesses change ever more rapidly nowadays, and business processes and systems
are highly interdependent. This poses IT problems, as software has to be updated or



replaced sooner whilst simultaneously being part of an increasingly complex
network of processes and systems. The agility of the enterprise’s reaction to the
outside world can be improved by EA (B7) by automating the core business
processes. This results not only in more resources, but also in valuable information,
which can be utilized in innovative activities (Ross et al. 2006). In addition, by
focusing on the contextual relationships, an EA can facilitate co-operation with other
organizations (B8) (Jonkers et al. 2006; Morganwalp and Sage 2004).

EA enables effective communication between members of the organization. EA
provides a consistent and coherent overview of the fundamental aspects of the
organization and the desired future situation (B9). This includes defining and
interrelating concepts, e.g. by using models. EA thus provides members of the
organization with a shared frame of reference to communicate effectively with each
other (B10) (Armour et al. 1999; Bernus 2003; Foorthuis et al. 2009; Kappelman
2008; Raadt et al. 2004).

In addition to benefits for the organization, individual projects should also benefit
from conforming to EA:

Working with EA reduces project costs and project duration. Projects can be
expected to save resources (B12) and time (B13) when working in the context of
EA, since its business, information, applications and technology decisions guide
development work. EA and domain level decisions are a given starting point and do
not have to be discussed inside the project (Capgemini 2007; Mulholland and
Macaulay 2006; Pulkkinen and Hirvonen 2005; Wagter et al. 2005). A project can
thus quickly focus its attention on designing and developing the details of the
solution.

Working with EA reduces project risk and improves project success. Although
publications tend to discuss the topic only superficially, EA is said to identify and
mitigate project risks (B14). The argument that usually is put forward is that EA
models — with their views on platforms, applications, processes and connections to
other projects — provide insight into project risks (Bucher 2006; Capgemini 2007),
allowing for timely risk prevention tactics. In addition, projects that conform to EA
can benefit from the fact that issues at the enterprise-level have already been solved
in the EA, thus mitigating risk and improving the chances of success, instead of
building on sand (Capgemini 2007; Mulholland and Macaulay 2006; Pulkkinen and
Hirvonen 2005). On a similar note, EA can be used to align the project with its
context, resulting in high quality (B15) and relevant functionality (B16).

Working with EA enables projects to manage complexity. EA is said to enable
projects to deal with complexity (B17) (Capgemini 2007). Analogous to controlling
complexity at the organizational level, EA facilitates management of project
complexity by using aspect areas, levels of abstraction, a modular approach, up-front
decision making, and by standardized services, processes and systems (ibid.;
Lankhorst et al. 2005; Ross et al. 2006). This should simplify project tasks,
especially since certain issues should already have been resolved by the EA.



Working with EA speeds up the initialization of a project. An EA provides
models of the enterprise, which help to specify the project scope and avoid
redundant development activities (Bucher et al. 2006). Furthermore, several
decisions have been made up-front and can be readily leveraged, e.g. by using a PSA
(Wagter et al. 2005). Therefore, projects that have to conform to EA are expected to
get initialized relatively fast (B18).

4. Research Design

The research method for testing the hypotheses and model is an online survey and
subsequent statistical analysis of its perceptual measures. The target population is
defined as “all people working in the Netherlands in commercial or public
organizations (either as internal employees or external consultants) who in a
professional capacity have to deal with Enterprise Architecture (either as an EA
creator, an EA user or both).” The unit of analysis is the individual worker, who is
asked about his or her perceptions of EA functioning in practice. The reasons for
choosing this unit of analysis is that it allows for obtaining information from
different perspectives (enterprise architects, managers, system analysts, software
architects, et cetera) and for asking questions referring to the project and
organization level alike (from an individual’s perspective, that is). When choosing
e.g. a project as the unit of analysis, it is more difficult to obtain these divergent
views (as the questionnaire is usually filled in only by the project manager involved)
and levels (as analysis is bound to the project as object of study).

The design of the survey underwent several iterations. The questionnaire was first
created as a written document by the principal researcher, which was reviewed by
the other authors and a questionnaire expert from Statistics Netherlands. This led to
several improvements in the design, e.g. using question-dependent response
categories and textual clarifications. The resulting questionnaire design was used to
create the web-survey, which was similarly reviewed. Finally, we verified the web-
survey with three test-respondents (who worked for a government agency and an IT
service provider). They had to fill in the questionnaire whilst articulating their
thoughts out loud, so as to let us gain insight into the minds of respondents. This
yielded several small simplifications and clarifications.

Since we did not specifically target executives, promising benchmarking reports
would not have increased responses. We therefore opted for a relatively short
questionnaire, containing 45 questions. At any moment during the survey session,
respondents could see what percentage of the questions they had filled in,
encouraging them to complete it. Because of the relatively short questionnaire, we
had limited opportunities to create complex aggregated constructs.

All survey questions explicitly referred to the current (or latest) organization in
which the respondents actually carried out their work, for example because they
were an employee or because they were posted there as an external consultant. The
first survey question explicitly asked whether the respondent has to deal with EA in



his or her work (if not, the survey was finished). In general, questions featured five
closed response categories (e.g. from Very poor to Very good) and one No answer
category (in case the respondent did not know or did not want to provide an answer).

Since registers containing contact information of the individuals comprising our
target population were not available, we used several communities related to
information systems and architecture. First, an e-mail containing the hyperlink to the
web-survey was sent to relations and employees of several IT-service providers and
IT-intensive organizations. Secondly, the web-survey was advertised at two
architecture conferences in the Netherlands attended mainly by practitioners. The
data were gathered between October 2009 and May 2010.

In total, we received 293 valid surveys. A questionnaire had to pass several checks
to be accepted as valid. First, it had to be completed and submitted. Secondly, it was
checked whether there was a basic consistency between key variables. If the
respondent’s score on B11 was (very) poor, then B1, B2 and B7 were not allowed to
all be scored (very) good. Likewise, if the respondent’s score on B11 was (very)
good, then B1, B2 and B7 could not be (very) poor. Thirdly, since we did not work
with website passwords, we performed basic duplicate records checks. However, only
unique records were found — and it required merely 11 included variables for a query
to return zero duplicates.

5. Research Results

The following four sub-sections present: descriptive statistics and sample
representativeness; results of testing simple (singular) hypotheses; differences
between EA creators and EA users; regression analysis and the resulting model.

Descriptives and Representativeness

The respondents were working for 116 different organizations. Whereas general
questions yielded high responses, several individual questions resulted in quite some
nonresponse (i.e. item-nonresponse). This was probably due to the fact that such
questions demanded very specific experience, which not every respondent
possessed. Males dominate the field, 268 in total (91.5%), versus only 21 (7.2%) of
the respondents being female and 4 (1.4%) unspecified. The tables below present the
distribution of organizational roles. With regard to Table 1, note that individuals can
work in multiple roles, resulting in a total of over 100%. Because of its relevance to
our research goals, we consider it desirable to have a sample distribution that
features a roughly equal number of EA users and EA creators. We conclude from
Table 2 that this condition is satisfied.
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Table 1. Roles occupied by respondents (multiple roles allowed)
Role Frequency Percentage
Enterprise Architect Business & Information 97 33.1%
Enterprise Architect Application & Infrastructure 95 32.4%
EA Creator
Manager 39 13.3%
External EA Consultant 19 6.5%
Manager 42 14.3%
Project Manager 39 13.3%
Project Architect 56 19.1%
Business Analyst/Designer 34 11.6%
EA User Syst.em & Information Analyst/Functional 2% 8.9%
Designer
Software Architect 35 11.9%
Technical Designer 19 6.5%
Developer/Programmer 8 2.7%
Maintenance Engineer 8 2.7%

Table 2. EA creators and users

Role Frequency Percentage
EA Creator 107 36.5%
EA User 109 37.2%
EA Creator and User 65 22.2%
Unknown 12 4.1%
Total 293 100%

Table 3. Organizational size

# Employees Frequency Percentage
<2000 81 27.7%
2000-5000 78 26.6%
25000 128 43.7%
Unknown 6 2.0%
Total 293 100%

In order to assess the representativeness of our sample, we looked at the economic
sectors. Since we could not use a pre-defined sampling frame corresponding with
our target population (e.g. a population register of EA stakeholders), it was difficult
to determine the extent to which our sample constitutes a representative subset.
However, we could use previous research on EA for a comparison of sector
distributions. Table 4 presents the distributions of our survey and those of two other
studies. The column on the right (in white) presents the distribution found by Obitz &
Babu K (2009) in their survey with 173 respondents drawn from the global IT
community (mainly North America). The middle column (in grey) contains our
results. The left column presents the distribution found by Bucher et al. (2006).
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Table 4. Distribution of d across

Bucher et al. (2006) Research in this paper Obitz and Babu K (2009)
Industry % Industry (based on ISIC Rev. 4) % % Industry
_Finance and 625 | 61.8 Financial and insurance activities 304 | 304 28.4 Banks, i_nsurance, financial services
insurance and capital markets
Manufacturing (products and food) 55 X X .
and construction 8 Industrial goods/engineering, food,

Industry 12.5 13.2 6.5 4.9 beverage, tobacco, pharmaceuticals
Agriculture, fishing, forestry and 10 & biotech
mining .

Software, IT and Information, communication, Media, information, entertainment,

Telecommunication 25 250 entertainment and recreation 12.3 12.3 16.1 telecom services, travel and leisure
Public administration (includin,
Total 100% ( g 311 Government, education, aerospace
defense) 328 | 235
. } and defense
Education and research 1.7

Energy & water supply and waste

management 5.1 5.1 6.2 Qil, gas and utilities

Human health and social work

activities 27 2.7 7.3 Healthcare services

Trade, transportation, hotel, catering, Retail, transportation, logistics and

10.2 10.2 13.6

real estate and other services other
Unknown 0 0 N.a. Professional services
Total 100% | 100% | 100% | Total

Since we asked consultants posted at clients’ offices to fill in the questionnaire from
the perspective of their customer organization, this group was largely dispersed
amongst the other sectors. We therefore have also dispersed the Professional
services category of Obitz and Babu K (2009) in order to obtain a better comparison.
The left and right columns demonstrate that the various industry distributions of
these two studies are fairly similar. Our collapsed Public administration, education
and research category is large, however, compared to Obitz & Babu K. This is
consistent with the fact that the public sector in the Netherlands is large compared to
North America. The left column presents the distribution of Bucher et al. (2006) of
the respondents who indicated that EA is “in use”. It features only a subset of our
economic sectors, but this distribution is also similar to that of our sample. All in all,
given the fact that the distributions are largely similar, we assume there is no reason
to suspect that our distribution of economic sectors is not representative.

Testing Simple Hypotheses on Conformance and Benefits

This sub-section will answer the first three sub-questions of this paper. Since we had
no prior theoretical or empirical information about the distribution of the scores, we
used a non-parametrical test. Each statement was subjected to a one-sided binomial
test. The test proportion used was dependent on the type of question. For example, a
first type of question, factual by nature, verifies specific characteristics of the EA
approach (e.g. whether projects are being assessed on compliance with EA). The
null hypothesis, assuming the distribution B(n, 0.4), states that EA approaches
generally do not possess the respective characteristic in abundance and is thus
supported by the Never and Seldom response categories (one would consequently
expect 40% or more of the respondents to fall in either of these two categories). The
alternative hypothesis, which states that less than 40% falls within these two
categories, is therefore supported by the Sometimes, Frequently and Always
categories (i.e. assuming that EA approaches generally do possess the respective
characteristic, one would expect significantly more than 60% of the answers to fall
in these three categories). See Table 5 (except T1) for examples of this type of
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question. A second type of question, evaluative by nature, verifies whether EA is
seen as a valuable instrument for achieving a specific goal (such as cost reduction).
Here, the null hypothesis, assuming the distribution B(n, 0.6), states EA is not
particularly valuable and is supported by the Very poor, Poor and Neither good nor
poor response categories (i.e. at least 60% is expected to fall in either of these three
categories) and the alternative hypothesis covers the Very good and Good categories
(i.e. more than 40% is expected). See Table 6 for examples of this type of question.
Regardless of the type, respondents in the No answer category were always treated
as missing values and therefore not included in the test.

The first column of the table below contains the statement from the survey (i.e. the
alternative hypothesis representing the claim to be tested), the second to sixth
columns (except for T1) provide the valid percentage of answers, the seventh gives
the number of nonrespondents (which are invalid and therefore excluded from the
binomial test), the eighth presents the p-value and the final column indicates whether
the alternative hypothesis was accepted (p-values between 0.05 and 0.10 are seen as
inconclusive). The grey columns present the percentages of respondents that support
the alternative hypothesis. An underlined percentage denotes the respective value as
the median.

One-sided tests were performed. An asterisk in the p-value column therefore
indicates that a reversed test needed to be performed for that specific claim. That is,
unlike the other hypotheses, the low p-value of this hypothesis shows that
significantly more than 40% of the respondents fall in the Never or Seldom
categories. A similar logic applies to statements in other tables with a significant p-
value but a rejected H1 hypothesis.

Table 5. T i used for sti
H1 statement No Yes NR P- H1?
valu

T1. The EAis formally approved (i.e. by line management). 20.4% 79.6% 19 0.000 v

H1 statement Never | Seldom | Some- | Frequ- Always NR P- H1?

times ently value

T2. The choices made in the EA are explicitly linked to the
business goals of the enterprise as a whole. 0.4% 4.9% A2 52.5% ez 9 0.000 v
T3. Management propagates the importance of EA. 2.8% 19.3% 46.4% 27.3% 4.2% 4 0.000 v
T4. Projects are being explicitly assessed on their degree of
compliance with EA. [Note: this concerns the number of pro- 4.8% 11.1% 24.9% 42.9% 16.3% 4 0.000 v

jects being judged on compliance (not the number of times
one project is being assessed).]

T5. There is an organized knowledge exchange between
different types of architects (for example enterprise, domain, 1.5% 12.9% 34.3% 44.3% 7.0% 22 0.000 v
project, software and infrastructure architects).

T6. There is an organized knowledge exchange between
architects and other employees participating in projects that
have to conform to EA (for example project managers,
functional designers, developers and testers).

2.5% 15.4% 44.2% 35.4% 25% 8 0.000 v

T7. Assistance is being offered in order to stimulate conforman-
ce to EA. (For example enterprise architects or change mana- 4.9% 19.3% 34.3% 36.1% 5.4% 13 0.000 v
gers who help projects to make new designs conform to EA.)

T8. Projects make use of a PSA (Project Start Architecture). 8.9% 10.0% 24.4% 40.9% 15.8% 14 0.000 v

T9. Document templates are being used to stimulate
conformance to EA. (For example templates that focus
attention on the EA by means of guiding texts and by requiring
filling in relevant information.)

5.0% 11.4% 33.4% 37.0% 13.2% 12 0.000 v

T10. Financial rewards and disincentives are being used in
order to stimulate conformance to EA. (For example by cove-
ring the IT-expenses of a project if the solution is designed and
built conform EA, or by imposing a fine for non-conformance.)

65.6% 17.9% 10.3% 5.5% 0.7% 20 0.000* x
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In general, we can conclude that most techniques for encouraging compliance are
used regularly, as indicated by the acceptance of the alternative hypotheses in almost
all cases. However, quite notable is the fact that financial sanctions are not being
used to stimulate EA compliance. No less than 83.5% of the respondents indicated
that they are Seldom or Never used, with the median even falling within the most
extreme category (i.e. the lowest level). It can be hypothesized that financial
penalties are difficult to implement (perhaps especially so in the Dutch culture of
tolerance and compromise). However, this survey question also referred to financial
incentives and presented respondents with an example of providing projects with
free IT-resources if they should conform to EA. It is possible that financial
sanctioning (rewarding or punishing) is a tactic that has unexploited potential.

Tables 6, 7 and 8 present the evaluations of the benefits of EA. In general, extreme
scores, such as Very good or Very poor, were not commonly given by the
respondents. This is not entirely unexpected, since the respondents are professionals
reporting about their work and the subject matter is not as sensitive as certain social
or political issues. In addition, most respondents only had a few years of experience
with EA, possibly resulting in moderate attitudes.

Table 6. Evaluati of EA benefits for the or ization as a whole
Neither
H1 statement Very Very P-
P d Good NR H1?
EA turns out to be a good instrument to... poor oor | gooc nor o0 good value

poor

B1. ...accomplish enterprise-wide goals, instead of (possibly

o o o o 9 v
conflicting) local optimizations. 25% | 13.5% 31.3% 44.3% Bl 8 0.000

B2. ...achieve an optimal fit between IT and the business

processes it supports. 26% | 16.6% | 38.0% 40.6% | 22% | 22 | 0.189 x

B3. ...provide insight into the complexity of the organization. 1.1% 6.4% 18.4% 64.6% 9.5% 10 0.000 v

B4. ...control the complexity of the organization. 1.9% | 21.1% 47.6% 27.6% 1.8% 18 0.000* x

B5. ...integrate, standardize and/or deduplicate related processes

and systems. 22% | 11.2% 31.0% 48.4% 7.2% 16 0.000 v

B6. ...control costs. 54% | 31.8% 49.4% 11.5% 1.9% 32 0.000* x

B7. ...enable the organization to respond to changes in the outside

*
world in an agile fashion. 19% | 22.6% |  50.2% 242% | 1.1% | 28 | 0.000 x

B8. ...co-operate with other organizations effectively and

efficiontly. 16% | 14.3% 55.9% 25.8% 2.4% 48 0.000* x

B9. ...depict a clear image of the desired future situation. 0.4% 4.2% 23.5% 59.3% | 12.6% 8 0.000 v

B10. EA turns out to be a good frame of reference to enable

o o
different stakeholders to communicate with each other effectively. 07% | 13.0% 40.1% 4B 82 16 0.021 v

B11. EA, in general, turns out to be a good instrument. 1.1% 7.9% 30.0% 56.7% 4.3% 13 0.000 v

Looking at Table 6, we see that EA, in general, is considered to be a good
instrument (B11). Several notable findings are worth looking into. Although several
individual hypotheses are accepted, it seems that most positive perceptions are held
regarding the sub-goals, whereas the ultimate goals are not being judged as
positively. This is especially apparent in 74.1% of the respondents indicating that
EA is a (very) good instrument to provide insight into the complexity of the
organization (resulting in our acceptance of this hypothesis), whereas merely 29.4%
of the respondents indicate that EA is a (very) good instrument to control the
complexity of the organization (resulting in our rejecting this claim). Also, 71.9%
state that EA is a (very) good instrument to depict a clear image of the desired future
situation, and 55.6% that EA is a (very) good instrument to standardize, integrate
and/or eliminate redundant processes and systems (resulting in the acceptance of
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both statements). However, a mere 13.4% actually indicates that EA is a (very) good
instrument to control costs. The relationship with the outside world could also be
better, with only 28.2% stating that EA is a (very) good instrument to co-operate
with other organizations effectively and efficiently, and 25.3% that it is a (very)
good instrument to react to changes in the outside world in an agile fashion. Also,
EA does not seem to be a highly effective means for achieving business/IT
alignment. In other words, EA yields several benefits that are valuable in their own
right and conditional for obtaining further value, but, as yet, has not achieved its full
promised potential.

Looking at Tables 7 and 8, we see that the number of nonrespondents is much higher
for questions regarding projects than for those regarding the organization as a whole.
The free-text option at the end of the survey provides some clues as to why. For
example, some Enterprise Architectures focus not on internal project decisions,
but on e.g. high-level project portfolios instead. Some respondents also indicated

Table 7. Evaluations of EA benefits for projects

Much Much
H1 stat t
statemen More As often Less less NR

more
Projects conforming to EA turn out to... often often often often

value H1?

B12. ...exceed their budgets less often than projects that do not

*
have to conform to EA. 2.4% 15.7% 60.8% 19.3% | 1.8% 127 | 0.000 x

B13. ... exceed their deadlines less often than projects that do not

*
have to conform to EA. 1.7% 21.3% 59.2% 16.7% | 1.1% 119 | 0.000 x

B15. ...deliver the desired quality more often than projects that do

not have to conform to EA. 3.7% | 53.4% 37.0% 53% | 0.5% 104 | 0.000 v

B16. ...deliver the desired functionality more often than projects that

do not have to conform to EA. 3.8% | 40.4% 45.4% 9.8% | 0.5% 110 | 0.136 x

that all projects had to conform to EA, making it hard to distinguish between
conforming and non-conforming initiatives. Furthermore, working with EA was
relatively new in several organizations, making it difficult to evaluate projects in the
context of architecture, especially because these questions were quite detailed. Table
7 shows that projects conforming to EA clearly deliver higher quality. This is
interesting, as we included this quality claim in the questionnaire for reasons of
completeness, not because of its prevalence in literature (although claims that EA
helps the organization to comply with quality standards such as ISO 9001 can be
found). No such convincing support was found for delivering this type of project
within time and budget limits. Rejection of better delivery of functionality is
somewhat less convincing, since respondents did provide positive evaluations, albeit
not in sufficiently convincing numbers. Furthermore, although it appears that EA
simply does not offer projects much in the way of time and cost savings, it should
also be noted that respondents have scored none of these four standard aspects very
negatively.

Interestingly, whereas respondents reported that EA is not particularly capable of
controlling complexity at the organizational level, EA does seem to enable projects
to deal with complexity at the project level. Given the narrower scope of projects,
this makes sense. Organization-wide ambitions will have to deal with far more

incompatible systems, processes and stakeholder interests than more locally oriented
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Table 8. Evaluations of EA benefits and conformance for projects

Neither

H1 statement Much Much P-
Better better nor Worse NR H1?
Projects that have to conform to EA turn out to... better worse worse value
B14. ...be better equipped to deal with risks than projects that 2.9% 48.3% 431% 5.2% 0.5% 82 0.001 v

do not have to conform to EA.

B17. ...be better equipped to deal with complexity (of the
project and/or its immediate environment) than projects that do 5.3% 63.6% 26.7% 4.0% 0.4% 68 0.000 v
not have to conform to EA.

Neither

Much Much P-
H1 statement slower Slower | slower nor | Faster faster NR value H1?
faster
B18. ...get initialized faster than projects that do not have to S
conform to EA. 5.4% 45.9% 38.3% 10.4% 0.0% 7 0.000 x
H1 statement Always Frequ- | o/ etimes | Seldom | Never | NR P- H1?
ently value

O1. Projects that are required to conform to EA turn out to
actually conform to the architectural principles, models and 4.2% 61.0% 26.7% 8.1% 0.0% 57 0.000 v
other prescriptions.

02. Principles, models and other architectural prescriptions
turn out to be open to multiple interpretations.

2.7% 27.8% 57.0% 11.8% 0.8% 30 0.000 v

projects. In addition, EA may provide compliant projects with an advantage over
other projects by giving them insight into organizational complexity (for which, as
we have seen, EA is very well-equipped). This enables projects to deal with
complexity at the local level. A similar explanation may be provided for the fact that
the results support the statement that projects conforming to EA are better equipped
to deal with risks.

Also interesting is the fact that we did not find support for the hypothesis that
projects conforming to EA are initialized faster than projects that do not have to
conform to EA. In fact, significantly more than 40% (p=0.000) of the respondents
stated that these projects actually start up (much) slower than projects not
conforming to EA. This might be the result of the additional commitment that EA
brings to bear on projects, such as getting acquainted with EA prescriptions,
undergoing compliance assessments, dealing with additional stakeholders and
balancing possible conflicts between local and enterprise-wide interests.
Furthermore, the assumption behind many claimed project benefits, namely that
many decisions have already been taken in the EA, may very well be questioned. In
this respect, however, it is a notable finding that according to the respondents
projects generally do tend to conform to EA.

The results also demonstrate that principles, models and other architectural norms
turn out to be open to multiple interpretations. However, considering the results of
Foorthuis et al. (2009), more respondents could have been expected to go for Always
or Frequently. Most respondents opted for Sometimes, which is not the strongest
support for the alternative hypothesis. One reason might be that prescriptions in
most organizations are only moderately ambiguous. Alternatively, it could be that
compliance assessments are usually carried out in a collaborative fashion, resulting
in reduced disagreement (ibid.). People might also implicitly assume agreement,

with disagreement only manifesting itself when being explicitly confronted with it.

We also asked why projects are being assessed on compliance with EA. Of the 275
respondents who stated that projects are being assessed (T4) Seldom, Sometimes,
Frequently or Always, 49.5% indicated that this is being done in the context of
obtaining permission from management for the actual implementation (a “building
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permit”). Furthermore, 34.5% indicated that it is input for a formal management
decision (e.g. re-aligning), 49.5% that the reason is creating project awareness of
deviations from the EA, and 28.7% that it is done for post-project awareness.

Differences Between EA Creators and EA Users

We will now focus on the fourth sub-question. Chi-square tests (Norusis 2008) were
employed to study whether statistically significant differences exist between
evaluations of EA creators and EA users. The table below presents the percentage of
EA creators and users giving Good or Very Good scores, the non-applicable
respondents (NAR), the p-value of a 2-2 Pearson chi-square test with 1 degree of
freedom, and whether we accept there is a difference in evaluation between EA
creators and EA users. We excluded respondents who are simultaneously EA creator
and EA user, which explains why the number of reported non-applicable
respondents is conspicuously high (especially for projects, see the results in Table
10). The tables only show the differences that are either statistically significant or

inconclusive.
Table 9. EA creator and user evaluations of EA benefits for the organization as a whole
H1 statement EA creators: EA users: P-
i ?
EA turns out to be a good instrument to... (Very) Good (Very) Good NAR value Difference?
B2. ...achl_eve an optimal fit between IT and the business 51.6% 37.9% 95 0.052 ?
processes it supports.
B3. ...provide insight into the complexity of the organization. 78.6% 66.3% 86 0.048 v
B5. ...integrate, standardize and/or deduplicate related processes 64.6% 47.6% 91 0.015 v
and systems. o7 s :
B8. ....co-operate with other organizations effectively and 32.6% 18.6% 118 0.034 v
efficiently.
B9. ...depict a clear image of the desired future situation. 81.0% 66.3% 84 0.017 v
B10. EA turns out to be a good frame of reference to enable o, o, v
different stakeholders to communicate with each other effectively. 53.5% 85.6% KL 0.0m
B11. EA, in general, turns out to be a good instrument. 71.0% 53.3% 88 0.009 v

As can be seen from Tables 9 and 10, in cases demonstrating a statistically
significant difference, EA creators consistently prove to be more positive in their
evaluation. This is demonstrated convincingly by the fact that creators are
significantly more positive on the question of whether EA, in general, turns out to be
a good instrument (B11). Although both groups are quite positive, 71.0% of the EA
creators state that EA is a (very) good instrument, against 53.3% of the EA users. In
addition, the two statements related to EA’s communicative power (depicting a clear
image and enabling effective communication) also show a difference. Other
significant differences at the organizational level concern providing insight into
complexity, standardization and integration. At the project level, delivering desired
quality and functionality, and dealing with complexity and risks demonstrate
significant differences.

In short, EA creators are significantly more positive than EA users on several issues.
Social psychology literature provides crucial insights for explaining these evaluative
differences. Due to their involvement and commitment, EA makers should be
regarded as subjective sources of information on EA. The binding effect of an earlier
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commitment (i.e. becoming an enterprise architect) results in them possessing a
relatively positive attitude towards EA, and to not being easily persuaded by critical
signals on its effectiveness (Zimbardo and Leippe 1991). EA users may be no less
subjective, though, as they can not view the overall picture due to their local focus.
Moreover, in their projects users have to deal with an additional effort when
conforming to EA (as evidenced by the fact that all parties agree that these projects
tend to get initialized more slowly). This may temper their enthusiasm regarding
EA. Therefore, in order to have a balanced view, it is of paramount importance to
take both perspectives into account.

Table 10. EA creator and user evaluations of EA benefits for projects

Statement EA creators: EA users: NAR p- it R
Projects conforming to EA turn out to... (Mu(;?t)e?ore (Mugl;t)er:ore valu nHerence?
E;tsha.\}édzjli\ézagren’??:iéeﬁ quality more often than projects that do 75.4% 42.3% 157 0.000 v
:?;]L?.d(.). hd;lir\]/:‘/r;h; 2ziiflzcrinf‘:2(éf,namy more often than projects 52.5% 33.3% 163 0.028 v
Statement ™ l:;:‘g nless (Mu;;the) nless NAR v aFI’ u o | Difference?
E;\?é ta.sgﬁziqt?:iég.eadlines less often than projects that do not 24.1% 10.6% 169 0.045 v
Statement (Much) better | (Much) better NR v:I:le Difference?
B14. ...be better equipped to deal with risks than projects that do 60.8% 33.3% 141 0.001 v

not have to conform to EA.

B17. ...be better equipped to deal with complexity (of the project
and/or its immediate environment) than projects that do not have to 76.9% 55.8% 129 0.004 v
conform to EA.

Statement (S'r:;zz gm’;g: NR V:I u o | Difference?
cB;%ofr}i%gtliErXt,ialized faster than projects that do not have to 45.3% 60.2% 130 0.057 2

Statement g:c"au);sn:’lry ;\rl :;?;Sn:’l; NR va: u o | Difference?
02. Principles, models and other architectural prescriptions turn 20.8% 39.8% 99 0.004 v

out to be open to multiple interpretations.

A Model for EA Conformance and Benefits

To investigate which techniques have a significant effect on project conformance to
EA and identify the determinants of EA benefits, we carried out several analyses. In
order to identify which techniques are associated with project conformance, we
started out by measuring ordinal association (using Kendall’s tau-b and Spearman’s
rho) and carried out univariate regression analyses. This revealed statistically
significant bivariate associations between project conformance to EA (O1) and eight
out of ten individual techniques (in descending order, according to tau-b: T4, T3,
T7, T6, T2, T9, T5, T8). However, in order to control for the influence of other
factors and explain the variation of dependent variable project conformance in terms
of each technique’s unique contribution, we needed to combine the variables in a
single multivariate regression model. Since dependent variable conformance was
measured on a five-point scale, we opted to employ ordinal regression’ to construct

Although some researchers use linear regression with 5-level ordinal variables (Garson 2010), we do
not consider this the most appropriate technique here, especially given the fact that alternatives are
widely available in software packages nowadays. Also note that we use the term “multivariate” to
refer to a statistical model with multiple independent variables (cf. Weisburd and Britt 2007), not to a
model with multiple dependent variables.
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the model (cf. Chen and Hughes 2004; Norusis 2009; Weisburd and Britt 2007).
This logistic technique is based not on least squares, but on cumulative probabilities
instead. In terms of assumptions, ordinal regression requires neither a normal
distribution nor identical variance, but there is the strict demand of parallel slopes
(which requires that the effects of the independent variables are constant across all
categories of the dependent variable). Several link functions are available, each of
which performs best in a specific condition. For example, the logit (odds ratio) is
typically applied for evenly distributed categories, while the complementary log-log
(cloglog) performs better when higher categories are more probable (Norusis 2009).

We subsequently built two full multivariate regression models, comprising all
independent variables. One model included all techniques, the other included all
techniques as well as all control variables. Due to a possible complete separation in
the data (cf. So 1993) it could not be determined for these models whether the
assumption of parallel slopes was violated or not. Moreover, because the number of
cells explodes when many variables are included, dispersion of respondents results
in poorer cell filling, making it harder to obtain statistically significant results.
Despite the above, both full models did point our attention to three techniques that,
even with all independent variables in the model, were highly statistically
significant: management propagation of EA (T3), compliance assessments of
projects (T4) and assistance for projects (T7). Since the other techniques and
contextual variables are controlled for, this is a very strong indication that these
three techniques are important determinants of compliance. From here, we built
various candidate models by combining several variables, from which it became
clear that these three were indeed consistently the most robust techniques and were
therefore included in the final model. Variables were recoded to obtain a similar
meaning (i.e. a higher number always represents more benefits or more intensive use
of a technique) and we collapsed the first two levels of each variable. The tables
below present the SPSS output for the techniques and conformance section of the
entire model (see Figure 2).

Parameter Estimates

Estimate Std. Error | Wald df Sig.
Threshold  [ProjectsConform=2] -6.299 .803 61.480 1 .000
[ProjectsConform=3] -4.508 772 34.086 1 .000
[ProjectsConform=4] -1.061 572 3.439 1 .064
Location [ComplianceAssessments=2] -2.339 473 24.434 1 .000
[ComplianceAssessments=3] -2.513 442 32.347 1 .000
[ComplianceAssessments=4] -1.050 .361 8.460 1 .004
[ComplianceAssessments=5] 0* . . 0 .
[ManagementPropagation=2] -1.521 521 8.505 1 .004
[ManagementPropagation=3] -.914 479 3.641 1 .056
[ManagementPropagation=4] -1.218 483 6.369 1 .012
[ManagementPropagation=5] 0* . . 0 .
[Assistance=2] -.951 479 3.943 1 .047
[Assistance=3] -.982 466 4.437 1 .035
[Assistance=4] -.903 436 4.298 1 .038
[Assistance=5] 0* 0

a. This parameter is set to zero because it is redundant.
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Model Fitting Information

-2 Log Chi-
Model Likelihood | Square | df | Sig.

Intercept | 270.554
Only

Final 63.058 207.496 | 9 | .000

Link function: Complementary Log-log.

Pseudo R-Square

Cox and Snell .596
Nagelkerke 691
McFadden 457

Link function: Complementary Log-log.

Note that in ordinal regression the coefficients are determined at the level of a
variable category (although for continuous independent variables only one
coefficient is calculated). Although at least one category of every independent
variable should be statistically significant for the variable to be included in the
model (Garson 2010), all of the concerning techniques have multiple categories
significant at the 0.05 level. Furthermore, no variable has more than one category
with a significance level above 0.05 and all categories are significant at the 0.075
level®. In addition, the assumption of parallel slopes is not violated with a p-value of
0.472. The complementary log-log link function, which performs best when higher
categories are more likely, provided the best results. The three techniques combined
result in a good model fit, with a Nagelkerke R* of 0.691 (with that of the logit
model being 0.427).

When interpreting the model, we see that all relationships are positive. Although
counter intuitive, in ordinal regression a positive association is represented by
negative coefficients. Interpret it as follows for any given technique: after
controlling for the other two independent variables in the model, respondents in
organizations in which the technique in question is never or seldom used (i.e. the
collapsed level 2) are less likely to assign higher conformance scores than
respondents in organizations in which the technique is always used (i.e. level 5, or
the reference category). In short, the more a technique is used, the higher the
achieved level of conformance. The Estimates (coefficients) provide clues as to the
magnitude of the effects. Although the complementary log-log link function yields
superior predictive and explanatory modeling power here, its coefficients are
difficult to interpret (SPSS 2008). Also, as mentioned above, ordinal regression
yields multiple coefficients for a factor when it is ordinal by nature. We therefore

In this context, a factor represents an ordinal independent variable. The Wald statistic determines if a
given category of a factor significantly differs from the reference category of that factor. The choice of
reference category (either the highest or the lowest category) therefore influences the Wald statistic
and whether the factor is found to be statistically significant or not. In this case, however, reversing the
reference category (i.e. taking the lowest value) does not affect the conclusions.
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calculated a standardized regression coefficient for each independent variable in
order to be able to compare the effects of the techniques on conformance. For this,
we calculated the frequency-weighted standard error for each factor. While still
difficult to interpret in an absolute sense, the resulting standardized coefficients
indicate the relative effect size of the techniques. These coefficients are placed near
the respective independent variables of Figure 2, while the Nagelkerke R (which is
easier to interpret) is placed near the dependent variable. From the standardized
coefficients we can infer that being assessed on conformance (T4) has the most
effect on whether projects will actually conform. The fact that a project will be
explicitly confronted with its nonconformance apparently stimulates them to comply
with the norms. This could be due to the fact that carrying out compliance
assessments is an indication of the importance of conforming or, alternatively,
simply to the project’s desire to avoid confrontation. Management propagation of
the importance of EA (T3) has the second largest influence. Third in rank is
providing assistance to the projects in applying the EA’s rules and guidelines (T7).

When considering the benefits, the results show that a statistically significant
positive bivariate association and univariate regression coefficient exists between
project conformance and whether EA in general is found to be a good instrument
(B11). Running a multivariate regression analysis with all techniques plus
conformance as independent variables to explain dependent variable B11 yields one
variable with two significant categories (O1 conformance) and two variables with
one significant category (T2 EA choices linked to business goals, and T4
compliance assessments). A similar argument can be made for the other benefits,
where the strongest association is mostly with conformance rather than with the
techniques. This supports the assertion that the three identified techniques indeed do
not have a strong direct beneficial effect, but work via project conformance instead.

We subsequently studied the relationships between conformance and the individual
benefits at both the project and organizational level. We started out by identifying
statistically significant (p < 0.05) positive associations (using Kendall’s tau-b and
Spearman’s rho). Next, we created separate univariate regression models, including
the conformance and the benefit in question. Finally, we studied whether contextual
variables could be included to enhance the results with a multivariate model.
Regarding the benefits, the logit link function performed slightly better than the
complementary log-log. The most interesting effects of project conformance on the
benefits are depicted in Figure 2, again featuring frequency-weighted standardized
coefficients for benefits that are explained by multiple determinants. A complete
overview of statistically significant results can be found in Table 11.
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Figure 2. The empirical model for EA conformance and benefits.

Four project benefits could be attributed to conformance, namely delivering more of
the desired functionality (B16) and quality (B15), and better management of
complexity (B17) and risks (B14). If there is a high level of conformance, then
projects conforming to EA — compared to non-conforming projects — are likely to
achieve higher levels of these benefits. Quite interesting is that these results are
highly consistent with the results of the direct answers in Tables 7 and 8, which
demonstrated that only hypotheses B14, B15 and B17 were accepted. These findings
are rather convincing: they show the internal validity of both the model (as
conformance apparently plays a crucial role as a central variable) and the dataset
(since direct responses and indirect associations are consistent, which definitely
cannot be taken for granted because the respondents are largely unaware of the
latter). Furthermore, although the delivery of desired functionality (B16) was
rejected in Table 7, this benefit is also positively associated with project confor-
mance. This indicates that it may be a benefit of which respondents are not yet fully
aware. Indeed, re-examining the corresponding p-value in Table 7 reminds us of the
fact that the functionality hypothesis was most definitely not rejected as
convincingly as the other hypotheses. However, it should be pointed out that a
positive association can in principle exist without ever achieving the two highest
categories of the benefit. We leave it to the reader to draw his or her own

conclusions.

Interestingly, although quite some claimed project benefits proved not to be
significantly associated to project conformance, all enterprise-wide benefits were
indeed significant. The strongest relationships were found for accomplishing
enterprise-wide goals (B1), achieving an optimal fit between IT and business
processes (B2) and integrating, standardizing and/or eliminating redundancy from
related processes and systems (B5). These represent some of the key aims of
Enterprise Architecture, the achievement of which in the respondents’ experience is
dependent on project compliance with EA. Especially for B2 and B5 the important
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role of projects is not difficult to see: business/IT alignment in processes and
integrating several individual systems are typically EA-related issues, but the
organization is highly dependent on projects for actual implementation. It is
therefore not entirely unexpected to find strong relationships with project
conformance here. Weaker, but still statistically significant associations were found
for other important goals, such as achieving organizational agility (B7) and
providing insight into and controlling the complexity of the organization (B3 and
B4). Apparently, project conformance can contribute to resolving the complexity
issue, but less so than to the other goals. Controlling costs (B6) and communicating
the desired future situation and other concepts (B9 and B10) are somewhere in

between in terms of being determined by conformance.

As with the project benefits, we observe the consistency between acceptance of
simple hypotheses and the results of the regression analysis. The benefits with the
highest Nagelkerke R”s in Table 11 are accepted in Table 6 (B1, B5, B10, B11). We
also see that B2 is barely insignificant in Table 6, which may again point to an

unrecognized benefit.

Table 11. Overview of significant effects on benefits
Kendall’'s Univariate Ordinal Regression Multivariate Ordinal Regression
Benefit associated with O1 tau-b (Logit link function) (Logit link function)
Project Conformance to EA Value P- Nagelkerke | Model p- | Smallest p- | Nagelkerke | Model p- | Smallest p-
value Pseudo R? value value indep Pseudo R? value values indep
B11. EA, in general, is a good . *x
instrument 0.424 0.000 0.268 0.000 0.000 0.207 0.000 gggg
Economic sector (related to B11) N.A. N.A. 0.040 0.006 0.002 ** ’
B1. Accomplish enterprise-wide 0.353 0.000 0.166 0.000 0.000 * 0.000 *
goals 0.210 0.000 0.000
Organizational size (related to B1) 0.059 0.266 0.028 0.069 0.032 ’
B2. Achieve optimal fit between . o
IT and business processes 0.333 0.000 0.159 0.000 0.000 0.201 0.000 0.000
0.001

Economic sector (related to B2) N.A. N.A. 0.055 0.001 0.000 **
B5. Integrate, standardize and/or
deduplicate related processes 0.336 0.000 0.179 0.000 0.000 *
and systems
B10. Good frame of reference to
enable different stakeholders to 0.231 0.000 0.111 0.000 0.000 **
communicate with each other
B6. Control costs 0.270 0.000 0.104 0.000 0.007
B17. Better management of
project complexity. 0.199 0.002 0.099 0.000 0.001
B15. Projects deliver the desired 0.230 0.001 0.098 0.002 0.013
quality more often i . . - .
B7. Respond to changes in the 0.219 0.000 0.081 0.001 0.000 *
outside world in an agile fashion b . . : .
B9. Depict a clear image of the 0.233 0.000 0.075 0.005 0.049
desired future situation : . . . !
B16. Projects deliver the desired 0.209 0.003 0.070 0.012 0.007
functionality more often b . . : .
B4. Control the complexity of the 0.204 0.001 0.063 0.003 0.016
organization b . . : .
B3. Provide insight into the
complexity of the organization 0197 0.001 0.060 0.003 0.002
B14. Better management of 0.157 0.018 0.059 0.017 0.003
project risks . . . : .
B8. Co-operate with other orga- 0.203 0.001 0.055 0.006 0.016 *
nizations effectively & efficiently i . . - .

* Multiple categories of the independent variable statistically significant at the 0.05 level
** All categories of the independent variable statistically significant at the 0.05 level

As can be seen from Figure 2 and Table 11, two contextual variables also make a
contribution (visually modeled by arcs). The economic sector partly explains EA
being a good instrument (B11), with the public administration sector being
significantly outperformed by the financial and insurance and especially the others
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sectors. The same holds true for business/IT alignment (B2). It therefore seems that
it is relatively difficult for public institutions to reap benefits from EA. A reason for
this may be the fact that their individual organizational units often have high degrees
of responsibility and autonomy, making it harder to demand compliance with
standards that are suboptimal from a unit’s point of view. Organizational size is a
predictor for the extent to which enterprise-wide goals can be accomplished (B1), as
organizations with up to 500 workers perform significantly better than organizations
with at least 2,000 employees. On the other hand, although we consider the p-value
of 0.083 inconclusive here, there are indications that organizations with 500 to 2,000
workers perform less well than organizations with more than 2,000 employees. As
can be concluded from the size of the standardized coefficients, the contributions of
the contextual factors are relatively small compared to those of project conformance.
When economic sector is dropped from the model, conformance alone still yields an
R of 0.268 when explaining B11, and an R* of 0.159 when explaining B2. When
organizational size is omitted, conformance alone still yields an R* of 0.166 when
explaining B1. It should be noted that significant effects of economic sector were
also observed for B7, B15 and B16. However, since the parallel slopes assumption
was violated, these were not included in the model. The same holds true for
contextual variables in other cases, making it a suitable topic for future research.

Another, more important, remark needs to be made regarding the magnitude of the
effects. The Nagelkerke R’s point to the fact that the effects of project conformance
on enterprise-wide benefits are larger than the effects on more locally oriented
project-level benefits. Regardless of whether contextual factors are included in the
models, the benefits with the highest R’s (i.e. above 0.100) are at the organizational
level, e.g. B1, B2 and BS5. This implies that (project conformance to) EA is indeed
an important factor in achieving enterprise-wide benefits and goals. This is
consistent with the accepted hypothesis B1 (see Table 6), which states that EA is a
good instrument to accomplish enterprise-wide goals, instead of possibly conflicting
local optimizations. As this is one of the key claims of Enterprise Architecture, these
are important findings.

It was verified whether interaction effects exist between included factors, which
could increase the explanatory power of the model, but none were found.
Furthermore, all relationships were checked for confounding effects by controlling
for the influence of contextual variables economic sector, organizational size and
EA  focus. However, the techniques (when explaining conformance) and
conformance (when explaining benefits) retained their significant effects, regardless
of whether or not the contextual variables themselves significantly contributed to the
model.

Furthermore, since Figure 2 is actually comprised of several regression models (each
Nagelkerke R* represents a separate, independent statistical model), the model as a
whole does not have the property of transitivity. Therefore, effects of techniques
cannot be calculated in terms of benefits. Take also into account that the project
benefit variables are not absolute measures but represent the degree to which
conforming projects outperform non-conforming projects on the respective aspects.
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Finally, the relatively low Nagelkerke R’s on the right-most arrows do not mean that
these benefits are not observed in practice (revisit Tables 6 to 8 to verify this), but
that conformance and economic sector only explain part of the variation of the EA
benefits. Further research should therefore focus on identifying other relevant
factors, such as quality aspects of the EA itself.

6. Conclusions and Further Research

This survey study has yielded several contributions to the field of EA. In answering
the first research question, we have shown which techniques for stimulating
compliance with EA are used in practice. The research results show that, except for
sanctioning, all techniques identified are used in practice. To answer the second and
third research questions, we presented the evaluative perceptions of people who
have to deal with EA in a professional capacity. Evaluations prove to be positive on
many accounts, both for individual systems development projects and the enterprise
as a whole, but sub-goals (e.g. gaining insight into complexity) seem to be more
easily achieved than ultimate goals (e.g. actually controlling complexity). With
regard to the fourth research question, we have shown that EA creators and EA users
differ in their evaluations regarding EA on many accounts, with the former having a
relatively positive attitude. As an implication, future research on EA should take
both perspectives into account, so as to prevent one-sided representation and less
valid results. In answering the fifth research question, several positive relationships
were found between techniques, conformance and benefits. We started out by
identifying eight significant associations between compliance stimulating techniques
and actual conformance. Using multivariate regression analysis, three techniques in
particular have been identified which together explain project conformance to EA to
a large extent. Finally, compliance with EA is shown to be positively associated
with several benefits at both the project and the organizational level. These findings
also show that project compliance is an important factor in obtaining value from the
usage of EA. This is not only because the identified techniques seem to work via
conformance, but also because conformance helps in realizing the key goal of
gaining enterprise-wide benefits. The empirical results therefore establish project
compliance with EA as a crucial factor in organizational performance. Another
finding of this study is that some of EA’s benefits may not yet be fully recognized
by its practitioners.

Although our dataset and model demonstrated highly consistent results, there are
several limitations to consider. First, we have been measuring perceptions of
respondents instead of objective results. This is not problematic, however, as this is
often the case with evaluative survey research. Moreover, perceptions have long ago
been established as a valid indicator of organizational performance and so-called
objective measures tend to have their own shortcomings (Dess and Robinson 1984;
Venkatraman and Ramanujam 1987; Wall et al. 2004). Furthermore, our dataset
proves to be quite internally valid, as direct responses (Tables 6, 7 and 8) and
associations prove to be highly consistent on crucial aspects. Secondly, the usual
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limitations of causal analysis based on observational rather than experimental data
apply. This also shows that the use of the aforementioned perceptions is a
satisfactory approach, since using ‘objective’ measures (such as actual costs) will
not yield more valid results in a non-laboratory setting. This is simply because it is
impossible to fully control for non-EA factors, such as organizational culture when
measuring simultaneously, or economic crises in the case of longitudinal research.
That being said, however, regression analysis is an excellent method to simulate a

true laboratory setting as much as non-experimental settings allow.

Thirdly, although the EA conformance and benefits model adheres to the strict
assumptions of ordinal regression, it is important to mention its limitations. At 50%,
the number of empty cells is high, rendering some additional chi-square Goodness-
of-Fit measures unreliable (although they did pass). On the other hand, it does not
seem that the empty cells are the result of biasing nonresponse. Empty cells are in
part the result of the skewed distribution — which made binomial testing and the
complementary log-log link function so effective — and the relative absence of
extreme values in general. Consequently, this does not lead to the conclusion that a
bias exists, as empty cells simply represent empirically less relevant categories.
Reducing the number of empty cells can be achieved by collapsing adjacent levels.
However, as ordinal information is lost, statistical power decreases (rendering levels
statistically insignificant). It also often results in the parallel slopes test yielding an
either violated or inconclusive outcome. Another drawback of using ordinal
regression, or at least the complementary log-log, is the fact that interpreting the
results is less precise (although this does prevent the false precision to which other
methods are prone).

Despite the limitations mentioned, we consider this a valuable contribution
nonetheless. Not only because it offers important insights into the factors that
determine project compliance with and effectiveness of EA, but also because no
other research seems to quantitatively model project conformance at all. Note that
our insights may also be relevant for other forms of conformance, e.g. regulatory
compliance. Furthermore, our findings are not only interesting from an academic
perspective, but also highly relevant for practitioners.

However, because of the limitations and lack of comparative research, some
modesty is appropriate. We therefore consider the model presented here to be a first
version, as it should be tested further. In this context, we have several suggestions
for future research. First, a more sophisticated concept of project conformance might
yield more fine-grained insights. A distinction could be made between different
aspects, for example architectural compliance regarding business, information,
applications and infrastructure (cf. Boh and Yellin 2007). Alternatively, the four
compliance aspects (or compliance checks) as described in Foorthuis et al. (2009)
could be used to structure the conformance concept. Finally, a distinction could be
made between compliance regarding project deliverables and the process of
executing a project. Note that more sophisticated constructs may result in even
higher levels of item-nonresponse than we observed, as the questions will be more
detailed and therefore relatively difficult to answer. A second suggestion for future
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research concerns the fact that conformance and the contextual variables only
explain part of the variation of the benefits. More factors in addition to or in
interaction with conformance should therefore be taken into account, e.g. various
EA practices and quality aspects, or the type or size of projects. Thirdly, additional
analysis methods could be used in order to study the effects that remain hidden in
this study due to the shortcomings of ordinal regression (such as the violation of the
parallel slopes test). Regardless of the specifics of future research, however, this
study has clearly shown that EA offers different kinds of value, but that additional
effort is required from the IS community to fulfill more of its promised potential.

Remark. This paper has been presented at the ICIS conference in December 2010, St. Louis, Missouri, USA,
and is included in the Proceedings of the Thirty First International Conference on Information Systems (ICIS
2010).
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