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Abstract: Governmental agencies from all over the world are in various stages of development to migrate their traditional 
systems architectures to more horizontally and vertically integrated architectures. In this paper a stages of growth model 
for the development of information architectures for local governmental agencies is presented. By analyzing 
discontinuities in the architectures coordinating back and front office applications five stages are derived. The five-stage 
model consists of 1) no integration, 2) one-to-one messaging, 3) warehouse, 4) broker and 5) orchestrated broker 
architecture. Public decision-makers can use these stages as a guidance and direction in architecture development, to 
reduce the complexity of the progression of e-government initiatives, to communicate changes to the rest of the 
organization and to provide milestones to evaluate and control cost of architecture development. 
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1. Introduction 
Citizens in all countries are calling for better 
services at lower costs and for more 
responsiveness in a dynamic and continuously 
changing environment. The information 
architectures need to be in pace with these 
development. Initiatives are confronted with a 
highly fragmented information architecture that 
has often been vertically organized around 
departments. In general, in the current situation 
each department has developed its own 
information systems in relative isolation, and for 
each product or service a separate information 
system exists (Janssen, Wagenaar and Beerens, 
2003). As such there is a need for more 
horizontally and vertically integrated architectures 
addressing the communication between systems 
within and between departments and 
organizations. Most public agencies have felt the 
need for more integrated architectures, and in one 
way or another, often questions concerning the 
management and development of these 
architectures have arisen.  
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The development of information architecture can 
evolve through a number of phases or stages of 
growth. Stages of growth or evolution models are 
popular in organizational research and information 
systems and have been applied in various 
domains (e.g. Greiner 1972, Nolan 1979, Layne 
and Lee 2001, Grover and Segars 2005). Nolan 
(1979) made the stages of growth model popular 
due to the intuitive appeal of his model. Stage 
models aims at deconstructing information 
systems development into a series of stages and 
development goes from one stage to another 
stage. Although of importance, stage models do 
no not focus on change management and 
organizational development strategies. This 
implies that stage models need always be 

accompanied by a careful chosen change 
management strategy. Change management 
strategies requires the addressing of all kind of 
process management issues, including the 
creation of shared vision, motivation of 
stakeholders, dealing with resistance to changes, 
obtaining political support, intervention strategies, 
and so on (e.g. Bruijn, Heuvelhof and Veld, 2002). 
 
The evolution of government efforts to provide 
electronic services in this stage-by-stage manner 
has already been described by a number of 
authors (e.g. Layne and Lee 2001, Moon 2002, 
Rao, Metts and Monge 2003, Ghasemzadeh and 
Sahafi, 2003). A model that is widely referred to is 
that of Layne and Lee (2001), which focuses 
mainly on the service provision by municipalities 
to citizens and business. They distinguish four 
stages: 1) cataloguing, 2) transaction, 3) vertical 
integration and 4) horizontal integration. The 
stages are explained in terms of different levels of 
integration and involved complexity. Reddick 
(2004) describes the e-government development 
of municipalities in the United States in a two-
stage model, which is similar to the first two 
stages of cataloguing and transaction. He 
distinguishes between G2C (government to 
citizen), G2G (intra-governmental) and G2B 
(government to business). He concludes that in 
the field of G2C, the services are largely in the 
cataloguing category, in G2G, they are in the 
transactional stage and for G2B they are most 
advanced. Moon (2002) proposed a five-stage 
model, with stages named 1) information 
dissemination/ cataloguing, 2) two-way 
communication, 3) service and financial 
transactions, 4) vertical and horizontal integration, 
and 5) political participation. The fifth stage thus 
adds the political dimension of e-government. 
Rao, Mets and Monge (2003) have developed a 
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model to assess the nature of the provided 
service through the development of e-commerce 
in SME’s. They distinguish four stages 1) 
presence, 2) portals, 3) transactions integration 
and 4) enterprises integration and identify the 
organizational characteristics that facilitate their 
development and the external characteristics that 
function as barriers. All of these models can be 
criticised for offering no guidance to actually 
addressing technology aspects. 
 
A basic premise underlying stage models is that 
descriptive stages can potentially be used in a 
prescriptive manner. Nolan (1979) suggests that 
the model can be viewed as a learning model 
where stage adoption is influenced by the 
environment and the adaptation to the 
environment. The applicability of stage models in 
general is described by Prenanto, McKay and 
Marshall (2002, 2003). They have identified four 
useful applications of stage models for e-
business: 1) guidance and direction in architecture 
development, 2) reduce complexity of the 
progression of e-government initiatives, 3) 
communicate changes to the rest of the 
organization and 4) provide milestones to 
evaluate and control cost of architecture 
development. Descriptively, stage models may 
help to describe and evaluate the organization’s 
maturity and sophistication in its use and 
management of the IT resource, for the purposes 
of enhanced and shared understanding. 
Prescriptively, it may assist the management in 
formulating an appropriate strategy to pursue their 
organization’s e-business objectives (Prenanto, 
McKay and Marshall 2002).  
 
Stage models are premised on the idea that 
organizations pass through the notional stages of 
maturity or sophistication. The existing growth 
models are primarily focused on service provision 
to citizens and business, and not on helping to 
structure the information architecture’s maturity 
process, i.e. how the architecture should be 
arranged and evolve over time. As such, public 
decision-makers and managers are in need for 
support concerning the evolution of their 
information architecture. Hence, in this paper we 
address this need by deriving a stage model for 
the development of the architecture for e-
government activities. 

2. Architectural stage model 
development 

The term information architecture, or architecture 
for short, lacks a universally accepted definition 
(Ross, 2003). Architecture is often referred to as a 
kind of city plan, containing detailing policies and 
standards for the design of architecture layers. 

The idea of breaking up the system into 
subsystems, layers and connections that is central 
to architecture, makes it therefore possible to 
design, construct and maintain a system by more 
than one person separately and to re-use useful 
parts of the architecture. This city plan concept 
has therefore given birth to a breed of IT 
architects who develop detailed drawings of the 
interaction between systems. A definition of 
architecture proposed by IEEE is: “the 
fundamental organization of a system embodied 
in its components, their relationships to each other 
and to the environment and the principles guiding 
its design and evolution” (Hillard, 2000). The 
purpose of architecture is to effectively align the 
organizational strategies with their business 
processes, information systems and the 
coordination of their resources. Appropriate 
architectures can facilitate the changes required 
to progress to a modern service-led organization. 
 
Architectures are typically classified into stages to 
distinguish various phases of development 
(Prenanto, Marshall and McKay 2002, Layne and 
Lee, 2001). Classification is the separation of 
things into groups and is often considered useful 
because it improves the ability to communicate or, 
in other words, to process data (Cook, 1996). A 
fundamental concept for classification is 
discontinuity (Cook 1996). Discontinuity helps to 
find the boundaries for groups of things that are 
alike. Criteria for classification depend on what 
you are classifying. We wanted to classify various 
architectures found in local governments that are 
primarily shaped by the coordination of the 
interactions between information systems residing 
in the back and front office. The front office (FO) 
comprises business processes of an organization 
that interact with outside entities, i.e. citizens and 
businesses. The back office (BO) comprises all 
business processes that do not directly involve 
customer-interactions, often settlement and 
related processes. We found discontinuities in the 
governmental architectures by locating various 
forms of coordination between back and front 
office systems, i.e. by analyzing how the 
interdependencies between information systems 
in front office and back office are managed. We 
found that the architecture necessary for service 
delivery to citizens and business evolves in five 
stages. 

3. Architecture stage model 

3.1 Stage 1: No integration 
Before the advent of the Internet the information 
systems of most governmental agencies were 
hardly integrated. The first step that organizations 
take in order to develop online services to 
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citizens, is the development of a website. In the 
beginning this site is usually set up by and the 
responsibility of the communications department. 
Layne and Lee (2001) describe the services 
delivered in this step in their stage model as the 
‘cataloguing’ services, where this website 
comprises an overview of useful information. 
 
From a quantitative perspective, a lot of the 
services towards citizens concern the delivery of 
information. The ‘business case’ of electronic 
business here is the replacement of personal 
contact at the desk or telephone by information 
delivery through the Internet. Practically, this 
means that an electronic coupling between 
information systems is not relevant yet. The web 
applications and data are ‘stand-alone’ 
applications and there is no need for exchange of 
data.  
 
Bovens (2003) and Layne and Lee (2001) recall 
the governmental duty for universal access, which 
means that the public services should also be 
available through more ‘old-fashioned’ channels 
for citizens that are not yet online. A first step in 
delivering services online in addition to other 
channels is through copying the data one-by-one 
from one system to the other manually, thus 
without integration of systems. This should not be 
a problem for small quantities of data, but when 
the services are expanded, this practice cannot be 
scaled to accommodate larger quantities. 

3.2 Stage 2: One-to-one integration 
architecture  

A second discontinuity concerns the creation of a 
one-to-one messaging architecture as 
schematically depicted in figure 1. Data stored in 
back office systems are automatically published 
on the website and e-mail or web forms are used 
for communication. Although the technical 
demands in this stage are not yet high, this 
architecture does have important implications for 
the business practice and the responsibility for the 
information. Technical issues that surface are the 
location of resources, maintenance and how to 
assure privacy; organizational issues that should 
be addressed in this stage are also the 
coordination and planning of resources, and the 
answering of e-mails (Layne and Lee 2001). Thus, 
already at this stage, a deliberate policy for 
electronic service delivery needs to be developed. 
 
On the technical level, message adapters are 
necessary for getting the data out of the 
applications and routing it to another application. 
Adapters are layers between the message broker, 
the middleware and the application, hiding the 
complexities of the interface (Linthicum, 2004). 

When software systems are becoming 
increasingly complex, more than one developer 
will develop the systems and different 
programming languages, applicatons, protocols 
and other standards might be used. Furthermore, 
when two systems need to ‘talk’ to each other, a 
common language is necessary, a protocol for 
communication and a means of delivery of the 
message. To enable communication between 
information systems middleware is used. 
Middleware is aimed at encapsulating the 
implementation details and supporting the smooth 
integration of systems (Linthicum, 2004). For this 
purpose middleware provides generic services 
such as naming and directory service, message 
transmission and transaction processing 
monitoring (e.g. Fan, Stallaert and Whinston 
2000). 
 
One-to-one messaging usually starts on a small 
scale. First one or a couple of services require the 
integration of information systems using 
middleware technology. A direct link to one or 
more BO applications is created to enable online 
transactional services. Newly added online 
services are added to the system as a direct link 
between FO and BO systems. Step by step, more 
applications are added to the online one-to-one 
service provision. After a while the increasing 
number of connections creates a complex system 
of applications and middleware solutions. 
Especially when transactions need to be 
facilitated by the systems implemented, the 
organizational and technical complexity increase 
at an accelerating rate (Rao, Metts and Monge, 
2003). Also, in this step, the question of who owns 
the systems and the information in the system 
becomes more important and, the question of who 
is responsible for the information and the 
information quality becomes crucial.  
 
The maintenance of this ‘spaghetti’ of systems is 
expensive, as too many solutions become into 
existance and often systems’ knowledge gets lost 
over time. As a result, the information architecture 
becomes less and less transparent. It is no longer 
clear what the impact of a modification in one 
system will be on the other systems, as all 
applications are linked. One bug might even 
disrupt the whole system. The middleware 
solutions have become the legacy systems of the 
future. When the amount of data that needs to be 
exchanged increases and integration of the many 
existing systems becomes too complicated, a new 
stage of growth enabling the decrease of the 
number of links is called for.  
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Figure 1: One-to-one integration architecture  
3.3 Stage 3: Warehouse architecture 
The number of connections between systems has 
increased and cannot be easily maintained 
anymore. Therefore, organizations are looking for 
new types of coordination. The Internet is an 
additional channel and creates the need for multi-
channel approaches. These approaches create 
the need for collecting and storing integral 
customer information that can be used in various 
channels to ensure coherent customer responses 
(Diepen, 2000; Simons & Bouwman, 2005). The 
discontinuity we found is that information is 
decoupled using a data warehouse. Data coming 
from various sytems is imported into a data 
warehouse that provides an overview of and 
single point-of-access for all data, as 
schematically shown in figure 2. 
 

 
Figure 2: Warehouse architecture 
The concept of using a data warehouse for 
electronic service delivery concerns the design of 
a dedicated database that is installed in the FO, 
which is filled with copies of relevant data from 
other databases. This database is thus 
maintained separately from the organization’s 
operational databases and it stores data only for a 
specific duration. These data are often only used 
to support tasks performed in the FO. The BO 
applications retain ownership of the data that 
cannot be mutated directly from the FO. This 
makes the system very robust and viruses cannot 
attack the BO in this way. Moreover, vulnerability 
is reduced, as data is stored redundantly. It is 
stored in at least two different places. To ensure 
that the data are accurate and correct, changes to 

the data should be made in all places, preferably 
at the same time. 
 
One important advantage of a data warehouse is 
that it facilitates the processing of large queries, 
because the system is not used by other 
applications at the same time and long response 
times will not block user queries. The copying of 
data from the BO is usually done outside working 
hours in order to relieve the system from large 
queries that need to be performed during daytime. 
In this way, more contact with clients can be 
processed directly by the FO, which performs its 
tasks more demand-driven than before when one-
to-one messaging was in place.  
 
Another advantage is that the exchange of data 
takes place on the level of databases. Many 
databases have standard support for making 
connections with other databases. This ensures 
that only specific fields of the databases need to 
be connected and that data is exchanged 
automatically. Finally, internal employees often 
welcome the installation of a central database, as 
it can be used as the one-stop source of 
information. 
 
Data warehouses are often criticized for 
containing incorrect data. Organizational 
decisions have to be made: who will be 
responsible for collecting and maintaining chunks 
of data. For example, multiple systems contain 
name and address information that might not 
correspond. It should now be made clear which 
system holds the correct information, i.e. is 
appointed a vital record registration and will be 
used as the source for the data warehouse, and 
who will be responsible for the information and 
information quality and maintaining the systems. 
 
Customer requests are processed using the data 
stored in the data warehouse. There are two 
different ways to deal with changes in data. First, 
customer interactions are stored within a separate 
transaction database and transported to the BO 
on a periodically basis. When other organizations 
request information, the information might not be 
up-to-date, e.g. a customer address change is 
only updated the next morning. As a result, this 
type of architecture solution is often an in-between 
solution as it can be created quickly and the 
drawbacks result in the next discontinuity.  

3.4 Stage 4: Broker architecture 
The more information is exchanged between 
agencies, the more real-time information 
exchange becomes necessary. The 24-hours-7-
days-a-week economy requires also the 
continuous updating and availability of systems. 
The need for real-time information exchange 

www.ejeg.com ©Academic Conferences Ltd 196



Marijn Janssen and Anne Fleur van Veenstra 

results in a broker architecture were all nodes are 
directly linked to the message broker that takes 
care of the translation of messages, routing them 
to their destination and so on. This is 
schematically depicted in figure 3. All applications 
are thus connected to one central broker. The 
broker is used as a one-stop shop for all 
connections with information systems inside and 
outside the organization.  

 
Figure 3: Broker architecture 
Broker architectures fulfill the business process 
re-engineeering (BPR) principle of entering data 
only once at the source, as proposed by Hammer 
(1990). The most efficient way to connect 
information systems is through a central point, the 
broker. In this way, each information system 
needs only one connection to that central point. 
Thus, when a network consists of n participants in 
total, only n relationships have to be managed. 
Without a central broker, each system has to 
manage (n-1) relationships and n*(n-1) 
relationships have to be managed in the entire 
network, thus increasing the complexity (e.g. 
Janssen, 2004). When looking at the 
management of the number of relationships, it is 
clear that the use of a central broker is preferable.  
 
A central point has advantages for the speed and 
costs of implementation of an information system, 
for the easiness and flexibility of modifying 
connections and for the costs of maintaining it, as 
only one connection needs to be implemented. 
When more connections with information systems 
are made, a central point can profit from the 
economics of scale principle and the experience 
to ensure secure, reliable and fast transmission of 
data. A major disadvantage is the creation of a 
single point-of-failure in the information 
architecture. This can be overcome by having 
redundant versions of the broker, preferably on 
physically separated locations in order to use 
different network connections.  
 
A message broker supports different integration 
methods and consists of a combination of several 
integration technologies. Adapters can be part of 
the broker or part of the application connected to 
the broker and is therefore not depicted in figure 

3. For a lot of programs, like SAP or Oracle, 
standard adapters are readily available.  
 
More and more broker functionality and 
information can be packaged up and accessed 
using web services protocols (Janssen & 
Wagenaar, 2003). Web services enable a 
Service-Oriented Architecture (SOA), an 
architectural paradigm according to which 
application functionality is not provided by large 
monolithic information systems, but by means of 
web services (Linthicum, 2004). The services-
oriented paradigm offers many benefits to 
enterprises, and the creation of a class of 
enterprise services allows us to create services 
that are modular, accessible, well-described, 
implementation-independent and interoperable 
(Fremantle et al., 2002). The combination of the 
broker architecture enabling a real-time exchange 
of information and the use of service-oriented 
architecture results in the next growth stage.  

3.5 Stage 5: Orchestrated broker 
architecture 

Currently, pleas have been made for more open, 
flexible and adaptive architectures constructed of 
relatively small components, which can be 
configured to support a limited number of 
functions (e.g. Fan, Stallaert and Whinston 2000; 
Fremantle et al., 2002). Over time, more and more 
functionality has been added to message broker 
architectures, including component and web 
service invocations and routing of messages; 
even complicated workflow rules are added. This 
results in a discontinuity where not only 
information exchange between systems, but also 
the invocation of information system functionality 
and management of the sequence of invocations 
become part of the broker architecture. As such, 
the paradigms of enterprise application integration 
(EAI) and workflow management (WfM) merge 
slowly (e.g. Linthicum, 2004; Gortmaker, Janssen 
& Wagenaar, 2005). This depicts a trend to 
include business logic as part of the architecture. 
This is a natural extension of the broker 
architecture enabled by developments in service-
oriented architectures and services technology. 
The broker architecture becomes gradually an 
orchestrated system of both technical and 
business functions. This architecture, called 
orchestrated broker architecture, is schematically 
visualized in figure 4. Business or workflow rules 
are depicted in a repository, as this enables easy 
maintenance and re-use 
 
Web service orchestration is enabled by 
developments in the web services technology 
stack (http://www.w3c.org). The de facto standard 
for web service orchestration is the Business 
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Process Execution Language for Web Services 
(BPEL4WS), or BPEL for short. Orchestration 
using BPEL aims at coordinating the time-
dependent sequence of single web service 
invocations. In this way a series of complex 
business processes can be created. Web service 
orchestration contains the business logic for 
managing the sequence of service invocations 
and requests. The orchestrator can also guides 
the business process or workflow of users, i.e. 
which screen will appear in the web browser of a 
user and which functional components and 
information sources need to be accessed. 
 
Service-oriented architectures enable the on-
demand composition of new business processes 
using already existing web services. Internal 
departments or external service providers can 
provide web services. This enables the 
connection to outside systems, to access 
information or invoke functionality. This the 
architecture has gradually expanded from 
coordinating back and front office applications to 
coordinating business processes and interactions 
with external systems. 
 

 
Figure 4: Orchestrated broker architecture  
This architecture is based on high-levels of 
standardization of interfaces, business rules and 
protocols. It provides many benefits, including the 
re-use of components as services, the easy 
construction of new processes and might even 
enable the re-use of complete processes by other 
public organizations. In the higher stages the 
emphasis gradually shifts from technology to 
organizational processes, structures, and the 
socio-political issues. The higher stages need 
business process engineering and structural 
transformation. 

4. Conclusions 
In this paper we have presented an information 
systems management model based on stages of 
growth. We derived a five-stage growth model 
based on the fundamental concept of 
classification; discontinuity. We looked at the 
discontinuities in the information architectures 
connecting the information systems in the back 
and front offices of local governmental 

organizations. Our stage model consists of the 
following five stages: 1) no integration, 2) one-to-
one messaging, 3) warehouse, 4) broker and 5) 
orchestrated broker architecture. In the first stage 
no integration exists and information is copied 
manually. When the number of services 
increases, the process of copying manually 
becomes too time-consuming and electronic links 
are set up. In the second stage an electronic 
connection or coupling is set up for each service 
to be delivered separately. Automating many 
services results in‘spaghetti’ of links, which 
become difficult to maintain when the number of 
connections between systems increases. When 
the spaghetti of systems becomes too 
intransparent, the third stage can be found; the 
data warehouse architecture. A data warehouse is 
a database containing information that is copied 
from various systems. The information in the 
warehouse is sometimes incorrect and not up-to-
date as information is periodically imported. 
Therefore, the need for real-time data exchange 
appears, resulting in the fourth stage: the broker 
architecture. A broker is a central point for 
information exchange that passes on information 
between the different information systems in real-
time. Over time, the information broker not only 
handles information, but also starts invoking other 
types of technical services. In that case, the last 
growth stage, the orchestrated broker 
architecture, is entered. Business logic is included 
in the information broker to create workflows and 
even complete business processes. Our growth 
stage model enables the gradual expansion from 
no integration architecture, via an architecture 
coordinating back and front office applications, to 
an architecture coordinating complete business 
processes and interactions with external systems. 
In the higher stages the emphasis gradually shifts 
from technology to organizational processes and 
structures. The number of stages is limited by the 
current practices we have found at local 
governments. Moreover, we found that some 
organization have concatenated two stages into 
one stage. The investigation of other practices 
might result in other stages; moreover, in the 
future the number of stages might be expanded 
based on technology developments. New 
developments might result in discontinuities, 
which in turn result in new growth stages. Current 
trends that might be included are the use of 
ontologies, semantic web services, software 
agents and peer-to-peer architectures. 
 
Stage models are built on the assumption that 
developments of IT systems evolve through a 
number of stages of growth. As an organization 
becomes more familiar with the use of 
technologies it advances to a higher stage. 
Technologies in themselves will not likely cause 
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changes to happen. This implies the need for a 
certain amount of organizational change 
strategies addressing issues like creation of 
shared vision, motivation of stakeholders, dealing 
with resistance to changes, obtaining political 
support, planning intervention strategies, 
reallocation of responsibilities and so on. Our 
stage model does no address these issues but 
can be used to plan for change to establish goals 
and determine progress towards accomplishing 
these goals. The model can be used descriptively 
to assess the maturity and sophistication of 

current architectures. Prescriptively, it may assist 
public managers in formulating an appropriate 
strategy to pursue their organization’s objectives. 
Moreover, the stages can be used by public 
decision-makers as a guidance and direction for 
architecture development, to reduce the 
complexity of the progression of e-government 
initiatives, to communicate changes to the rest of 
the organization and to provide milestones to 
evaluate and control cost of architecture 
development.
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