JIOS, VOL. 41, NO. 1 (2017)

SUBMITTED 04/16; ACCEPTED 01/17
UDC 004.738.5:345
Survey Paper

A Guidance Based Approach for Enhancing the e-Government
Interoperability
Yassine Jamoussi

yessine@squ.edu.om

Zuhoor Al-Khanjari

zuhoor@squ.edu.om

Naoufel Kraiem

naoufel@squ.edu.om

Department of Computer Science, College of Science,
Sultan Qaboos University, PO Box 36, Al-Khoudh 123,
Muscat, Oman
Department of Computer Science, College of Science,
Sultan Qaboos University, PO Box 36, Al-Khoudh 123,
Muscat, Oman
Department of Computer Science, College of Science,
Sultan Qaboos University, PO Box 36, Al-Khoudh 123,
Muscat, Oman

Abstract
Developing e-Government interoperability in the government context is a complex
task. As interoperability in government context is associated and hindered by many
challenges and barriers connected to government nature of complexity.
Interoperability is generally defined as the ability for two (or more) systems to
exchange information and to use the information that has been exchanged. In this
paper, we focus on computing systems interoperability across government ministries
to achieve interoperable e-Government IT based solutions. In order to achieve eGovernment interoperability in an organized and efficient way, this paper establishes
a guidance-based approach for enhancing the e-Government Interoperability. This
contribution is motivated by the limitations of the traditional software engineering
methodologies in terms of analysis, design and development frameworks to a point
that they can hardly cope with the growing issues of e-Government services
interoperability.
Keywords: Guidance, Making a decision, Satisfaction, e-Government Services
Interoperability

1.

Introduction

E-Government interoperability is considered as significant if the interactions can
take place at least at the three levels: data, services and process, with a semantics
view defined in a given context [1, 2]. However, e-Government interoperability is
not an easy task to achieve. It has been recognized as a key challenge and a crucial
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issue for e-Government at least since 2001 [3, 4]. This is because, realizing eGovernment interoperability is hindered by complexity introduced in
implementation. This complexity is due to the fact that initially government
ministries have built their computing systems independently with specifications and
solutions relevant to their particular needs but without adequate attention to the need
to connect, exchange and re-use data with other systems from different ministries.
This resulted in a patchwork of heterogeneous computing solutions that have limited
coherence and largely are uncoordinated [5].
The rapid development of e-Government services and the growing need for
integrating these electronic services has pushed forward the limitations of the
software engineering methodologies in terms of analysis, design and development
frameworks. Therefore, the need for more research work in developing
methodological approach to solve the interoperability problem is looking ever more
serious. The new approach could be coupled with an efficient implementation
framework, generic enough to be used in any possible e-Government interoperability
scenario.
Although some fragmented knowledge and solutions for interoperability have
been accumulated since years, a practical interoperability approach is still missing.
Existing approaches such as GRAI methodology, CIMOSA, PERA, etc. were
developed in the context of enterprise integration rather than interoperability [6]. In
the context of enterprises, interoperability refers to the ability of interactions
(exchange of information and services) between enterprise systems. Besides, when
addressing e-Government interoperability, one of the fundamental challenges the
designers faces is to cope with process variability. Typically, for a particular process
type, a multitude of process variants exists, each of them being valid in a particular
context; i.e., the configuration of a particular process variant depends on concrete
requirements building the process context.
Ministries are not interoperable because there are barriers to interoperability
between ministries systems. Barriers are incompatibilities of various kinds at the
various ministry levels. There exist common barriers to all ministries. Consequently
the approach we propose aims to provide practice guidance to identify the common
barriers, measure the importance of the barriers using metrics and search solutions to
remove barriers [7]. Indeed, this guidance is intended to assist people who lack
capacity to make their own decisions to select the appropriate strategy to ensure the
interoperability between ministries systems.
In this paper we will use a combination of literature review and observation
research approaches to propose a new approach to achieve seamless and practical
interoperability in e-Government systems.
This paper is organized as follows. In section 2, we summarize basic concept related
to interoperability. Section 3, describe the proposed guidance-based e-Government
Interoperability. Section 4, presents some related work. This is followed by a
discussion of the benefits of our approach in section 5 compared to the existing
approaches. Finally, section 6 concludes this work with our contribution and
research perspectives.
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2.

Basic Concepts Related to Interoperability

Our proposal is based on the enhancement of the e-Government interoperability
process by considering the satisfaction of different actors during this process. In
particular, variability arisen during early process modeling phases is a mean of
accommodating systems to changing business priorities and varying client
preferences in order to satisfy all actors.
An actor satisfaction is measured by the fulfillment of his goals by the
composition alternatives. In the interoperability context, actors may have antagonist
interests and may not be satisfied with the same aspects. Negotiation is then adopted
to solve undesired conflicts.
These concepts are integrated into an approach through which the gap between
variability and satisfaction is bridged. We first introduce these concepts in more
detail, before presenting our proposed approach.
2.1.

Interoperability issues

When using the existing BPM formalisms to describe the interoperability, usually
several variants are generally defined, as shown in Fig. 1. This solution usually
yields to many variation points. In addition, variants are not closely related to each
other because their process models are loosely coupled. In particular, the
interoperability described by these points of variation does not provide support for
combining or merging existing variants to new [8]. Indeed, most laws governing
local bodies, such as municipalities, are defined by the central government and have
an impact on the business processes and information systems of the local entities. If
the laws can be formalized as formal process with variability taking into account the
business and technical differences of the various municipalities, one can have great
advantages from the reuse of these variants.

Figure 1. Process variants realized by means of conditional branches
As consequence, the interoperability of the services leads to flaws over time as the
consideration of actors needs is ignored. Variants, therefore, are neither transparent
nor explicitly defined. Consequently, the underlying system is unaware of the
process variants and thus cannot provide sophisticated support for them; e.g.,
creating a view of the process model representing a particular process variant is not
enabled unless the information about which process element (e.g., activity) is part of
which particular process variant is explicitly included within the business process
models [9].
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In summary, neither the use of separate process models for capturing the
different variants nor the definition of these variants within one model (using
conditional branches) constitutes a viable solution in many cases.
2.2.

Variability

Variability is defined as “the capacity of a system or an artifact to be changed,
custom or configured in a particular use context” [10]. Variability can concern
functional or non-functional aspects. In web service context, functional variability
deals with the capabilities offered by the service whereas non-functional aspects
concern different service quality dimensions.
Currently, in the e-Government interoperability literature, the need of
accommodating a business process relays on business rules and late modeling
techniques for changing BPs. However, these approaches are usually quite low-level
and the possible configurations are not explicitly evaluated with respect to business
goals and priorities [11].
These limits arisen the need of modeling and eliciting variability in intentional
terms. Many goal-oriented formalisms are used to explore and analyze the
variability.
For instance, the I* framework [12] provides a goal- and agent-oriented approach for
exploring possible alternatives for creating new or improving existing business or
information system situations.
Roland et al. propose a formalism that allows representing a process model,
expressed in intentional terms, called MAP [13]. This formalism provides a
representation mechanism based on a non-deterministic ordering of goals to be
accomplished (intentions) and the different alternative ways for achieving them
(strategies).
Applying those models in the web service field attracted many researchers who
proposed different approaches such as exploring web services from a business value
perspective, aligning web services with business strategy and different other
approaches related to web service modeling, discovery, selection and composition
[14].
In a previous published paper [14], we presented a new concept of service called
intentional service that abstracts technical description of a service and stresses on the
goal that the service can achieve. An intentional service model (IMS) for describing
intentional services is proposed within this work. The IMS model is deduced from
the process model described with MAP and presents a high variability composite
service. Hence, in this paper we will not focus on how to define the variability
model from the requirements.
2.3.

Satisfaction

To deal with actor’s satisfaction in e-Government interoperability context, four
facets must be addressed: the actors, the satisfaction type, its time and functions
[15].
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Although e-Government interoperability introduced different actors and roles,
almost existing approaches still address the interoperability service from unilateral
perspective [16]. These strategies are independent from different providers: single
service providers (SSPs) providing single services, joint venture (JV) providing
composite services and strategic alliance (SA) providing both services. Providing
composite service for ensuring the interoperability is a promising strategy and more
interest should be accorded. Obviously, current approaches address only the enduser satisfaction by adapting interoperability process to the end-user context, the
used canal or the end-user requirements [17].
In this sense, satisfaction functions are simply constraints, utility functions or
end-user preferences that are considered for ensuring e-Government interoperability.
In the Requirement Engineering works, satisfaction is related to goal satisfaction.
This research area is concerned with the identification of the goals to be achieved by
the system “to-be”, the operationalization of such goals into specifications of
services and constraints and the assignment of responsibilities for such services and
constraints among human, physical and software components forming the system
agents [18].
In GORE, the goals are used in different levels of abstraction, from the strategic
goals of high-level technical goals to low-level [18]. According to [19] there are two
taxonomies of goals. The first taxonomy distinguishes between functional and nonfunctional goals while the second divides goals into "hard" and "soft".
Functional goals are used for specifying what the service is expected to deliver
whereas non-functional goals refer to quality requirements that the software needs to
satisfy while delivering the services. Hard goals are goals which satisfaction can be
established using (formal) verification techniques. However, soft goals cannot be
satisfied in a clear-cut sense but only satisficed when thresholds of some precise
criteria are reached [20].

3.

The proposed Approach

In this section, the proposed approach that helps achieving interoperability between
heterogeneous independent ministries’ systems is presented and described.
3.1.

Approach overview

A considerable number of research efforts on interoperability are conducted both in
industry and academia. The interoperability process is similar to the process used
while composing services in Service Based Application (SBA) [21]. Many
initiatives for modeling SBAs have been proposed, namely languages (e.g.,
BPEL4WS, OWL-S, Petri nets, etc.) [22]. All these initiatives adopt a ‘functiondriven’ service modeling focusing on ‘low level’ technical statements (e.g.,
coordination messages, input/output parameters and bindings) that are
understandable by software programmers but far to be comprehensible by end-users.
However, end-users need to interact with service providers to obtain SBAs
satisfying their requirements. Thus, SBAs must be modeled in terms of business
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goals and not in terms of technical statements. Hence, we adopt a ‘requirementdriven’ approach that allows a ‘high level’ modeling of SBAs [14].
Before identifying the proposed approach, which is considered as “to-be
system”, it is important to define the “as-is system” i.e. the current status of the
existing e-Government systems [39].

Figure 2. As-is Government Systems [39]

3.1.1.

As-Is System

The existing status results from independent initiatives of government ministries to
build their own computer systems with specifications and solutions relevant to their
particular needs. Figure 2, which has been introduced by Al-Khanjari et al. [39],
depicts these initiatives scenario.
These investments of utilizing computer systems in government sector result in:
isolated, independent, heterogeneous computer systems that have limited coherence
and largely are uncoordinated.
3.1.2.

To-Be System

A key determinant of success in e-Government initiative is based on the ability of
these isolated, independent, heterogeneous computing systems to cooperate and
work together sharing information and integrating processes across all boundaries
surrounding their isolated computing systems. This requires a holistic view of the
“to-be system” that would combine and organize these existing systems under one
umbrella.
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In this section, the proposed “to-be system” takes into consideration the existing
independent software systems deployments and technical implementation rather than
trying to replace them. Ministries have already invested heavily in building their
running systems. It would be impractical to suggest a big bang approach that induces
fundamental changes on existing infrastructures.
To enhance the e-Government interoperability, we propose an approach that is
based on a multi-level framework inspired from [37, 38] (Figure 3). This approach
aims to improve the e-Government interoperability by increasing the satisfaction
level of requesters. Hence, through an alignment process, e-Government providers
will guide the requesters to achieve successfully their tasks.
Provider

Flexibility
leverage

Specific Alignment

System
System Model

Capitalization

Derivation

Generic Alignment

Satisfaction
Model
feedback
Usage Model

negotiation

Requirement
Model

Generic
Satisfaction

Make a
Decision

Local Body
e-Government
Interoperability

Capitalization

Generic
Requirements

Derivation

e-Government
Interoperability

Requester

Figure 3. The proposed e-Government interoperability approach

In this approach, the e-Government is modeled according to three levels:
 e-Government level:
related to the common e-Government
interoperability requirements.
 Local Body level:
allowing the extension of these generic
interoperability e-Government interoperability requirements to the local
body specific needs.
 System level: representing the e-Government system functionalities.
The suggested approach combines 2 types of alignment. Firstly, the “Generic
Alignment” is achieved between the Generic Requirements (according to the
provider point of view) and the Generic Satisfaction (according to the requester
point of view). Secondly, the “Specific Alignment” -that is based on the generic eGovernment knowledge- is done to elaborate the target Model (Satisfaction Model).
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This approach is established in order to take into account the interoperability
knowledge aspect. In this respect, the suggested approach would initially consist in
the alignment of the interoperability e-Government requirements (Generic Model)
and the expectations of the requesters. On this e-Government level, the process is to
align the e-Government system to requester needs. A number of alignment
information are collected and form flexibility leverage knowledge for the
interoperability in the Specific level.
The suggested approach includes three main phases:
 Elaborate the Requirement Model RM (Modeling e-Government
interoperability in business term)
 Align these specific requirements with the needs of requesters by taking
into account the knowledge acquired in the generic satisfaction
(Modeling Satisfaction),
 Guide the process and capitalize the interoperability knowledge.
Therefore, the first step to build the Requirements Model from the Generic Model
GM is to identify the differences and similarities between these two models. Based
on these differences and similarities, the Requirements Model RM can be built by
derivation. In order to emphasize the variability, we have chosen to use the MAP
formalism [13]. According to this formalism, the requirement models will be defined
as a set of sections. Indeed, a section is the key element of a MAP. It is a triplet <Gi,
Gj, Sij> and represents a way to achieve the target goal Gj from the source goal Gi
following the strategy Sij. Each section of the MAP captures the condition to achieve
a goal and the specific manner in which the process associated with the target goal
can be performed.
Then, based on the reuse of the Generic Satisfaction (done in the e-Government
level), this RM will be aligned with the system to obtain the Satisfaction Model SM.
This specific alignment is implemented according to the following stages:
 For sections of the Requirements Model (RM) that have been built
directly from the Generic Model, the corresponding sections in the
predefined Generic Satisfaction Model are directly included into the
Satisfaction Model (SM).
 For the RM sections that have slight differences (such terminologies
discordance) with the Generic Model sections, the corresponding
sections in the Generic Satisfaction Model are considered with
reflecting the necessary modifications (based on the changes that have
been made to build these specific RM sections from the Generic Model
GM). Then, these sections are included in the SM.
 For RM sections with weak or non-existent similarities with the GM
sections:
- If this section has been created using an approach guided by the
existing so there is no need to make an alignment and this section
will be therefore included, as it is, in the RM in terms of benefit.
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- Otherwise, an alignment (similar to the alignment in the Generic
level) is done between this specific need and sections of the
Satisfaction Model (SM) that would allow meeting this need. This
newly section is then included in the RM. An attempt is made to
enrich the Generic Model and Generic Satisfaction by these added
sections respectively in the RM and the SM.
As stated above, the alignment process at the specific level, unlike at the generic
level, is based on the analysis of the variations between “e-Government
Requirements” (Generic Model) and “Specific Requirements” (Requirements
Model). It should be recalled, in this regard, that few differences exist between
these two levels (e-Government and Specific levels) that contribute to facilitate the
analysis and make it much easier.
More details for the description and the application of the suggested approach
will be presented in the next sections.
3.2.

Modeling e-Government Interoperability in business term

We have conducted several case studies in different government departments to
elaborate key requirements for the definition, adaptation, and management of
interoperability process variants. This strong linkage to practice is required to realize
a complete and solid approach for process variant management. The requirements
we have identified are related to different aspects including the modeling of process
variants, their linkage to process context, their execution in a process management
system [23]. Hence we adopted in our approach a flexible interoperability process
and an interoperability measurement method, which acts as a flexibility leverage.
1. Interoperability process. Although the e-Government services are constantly
increasing, the complexity of their interoperability is rapidly growing. This
highlights the need for a formal approach and design standards to ensure efficient
and more importantly repeatable interoperability enabled services.
There is no federated systematic approach for all ministries to comply with. To
help solving this challenge, this paper proposes an end-to-end framework to achieve
interoperability in e-Government via methodological approach. Our vision is that all
public ministries will need to share services of their respective domain in order to
seamlessly exchange data and workflows. However, services sharing will not be
possible if these services are not designed and implemented in a way that considers
interoperability as a part of the services development process. Using service logic to
only solve a single problem in a single ministry is not useful and does not leverage
the logic's reuse and interoperable potential.
To help achieving e-Government interoperability between heterogeneous,
independent ministries’ computing systems, the interoperability process is conducted
through a structured approach that aims at defining the main phases to follow in a
sequential way with possible iterations between the stages [36]. Depending on
whether the process is being applied to an individual ministry or a pair collaboration
JIOS, VOL. 41, NO. 1 (2017), PP. 35-56
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ministries [24]. This process is influenced and driven by the advantages of the other
software engineering models/approaches such as Waterfall, Agile and Service
oriented development methodology by Thomas Erl [25].

Figure 4. e-Government Interoperability process (Detailed Level) [36]
Figure 4 illustrates all stages described above of the e-Government
Interoperability Driven process in a detailed level showing all possible iterations
between phases. Practically the activities of these phases can be integrated with the
activities of the previous phases. The need for interoperability at each level of
concern (Process, Service, and Data) associated with the “to-be” automated business
process is identified. Then, the associated barriers with each level to interoperability
are identified. Besides, during the composition stage, the “to-be” automated business
process is realized through the services composition. These services are approved by
the e-Government Excellence Committee make it possible to achieve ministry to
ministry interoperability from interconnection services offered by multiple ministry
partners based on business process.
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2. Flexibility leverage. The Daclin’s interoperability compatibility measurement
method will be used during this stage [7]. This measure is performed when the
partner (ministries)/system of the interoperation is known. The measure is done with
respect to the identified barriers to interoperability. Referring to each interoperability
concern (level) and interoperability barrier, the objective is to check if there is
incompatibility or not. With regards to the interoperability barriers, if an
incompatibility is detected, the coefficient 1 is assigned to the interoperating level
and the barrier that are considered. Conversely, the coefficient 0 will be assigned
when none incompatibility is detected. Following this rule, the compatibility
measurement matrix proposed by Al-Khanjari et al. [36] is used as presented in
Table 1 to represent the interoperability levels that must be achieved between
concerned ministries and the barriers that must be removed to achieve each
interoperability level.
To reach highest degree of compatibility means that all the barriers to
interoperability have been removed. The opposite situation means the poorest degree
of interoperability. The compatibility measure allows ministries to know what kinds
of barriers there are and what barriers have to be removed so that interoperability
can be improved. In a similar way, the incompatibility measurement can allow
ministry to prioritize the actions to be taken to improve interoperability. It is also
necessary to work with interoperation ministries so that concerted and common
actions to remove these barriers are taken at both sides.
Barriers

Conceptual

Ministerial

Legal

Technical

Levels

Syntactic

Semantic

Process

1

0

1

1

1

Service

0

1

0

0

1

Data

1

1

1

1

1

Table 1. The Compatibility Measurement Matrix [36]
After the compatibility measurement matrix is filled, the legal barrier is removed (if
exist) by the project board members and they escalate it to other parties if required.
As it is always not possible to proceed with project unless it is aligned with the
country’s laws and regulations.
Meanwhile, the ministry barrier is removed as well by removing any process
conflicts and authorities/responsibilities clearly defined between involved ministries.
If for any reason the process activities not agreed upon or legal or ministerial
barriers are not aligned with the proposed “to-be” business process, then, the
proposed “to-be” business process is sent back to the previous phase for further
analysis or adjustment. Otherwise, if all involved parties approve the process act
activities and the legal and ministerial barriers are removed then the “to-be” business
process is sent to the project board for approval and moved to the next phase.
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Modeling Satisfaction

Our approach supports actors’ satisfaction all over the interoperability process.
Besides, the expectations defined at the service-level agreement (SLA) [38], we
elicit actors’ satisfaction at an early phase through soft goals that are imprecise,
subjective, idealistic and context-specific goals [19]. Taking into account an actor
satisfaction all over the interoperability process is motivated by the influence of past
and current experience on the future perceptions. This idea is clearly expressed in
the marketing research area that distinguishes between transaction-specific
satisfaction and cumulative satisfaction [26]. While transaction-specific satisfaction
may provide specific diagnostic information about a particular service encounter,
cumulative satisfaction is concerned with all of consumer’s previous experiences
with a firm, product, or service cumulatively [26].

Figure 5. Generic Satisfaction (meta-model)
Taking the state-based conceptualization of satisfaction, we define a local
satisfaction measurement relative to each step of the interoperability process and a
cumulative one relative to all the achieved steps in the process. To measure the
cumulative satisfaction, we introduce the excelling concept suggested by [19]. In
[19], authors noticed that satisfying soft goals does not cover situations in which
continual improvement of thresholds is expected. They introduced the excelling
notion to express this need. We also introduce the concept of the satisfaction degree
as a customized measure of the satisfaction. The satisfaction degree plays the role of
the negotiation decision function. All these concepts are presented in the proposed
meta-model of Figure 5.
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Although, these concepts are proposed in the consumer satisfaction context, we
believe that they also reflect the buyer satisfaction. The difference between the two
parties resides on the satisfaction factors. We introduce for each actor his
satisfaction factors and a method to measure them.
1. Government Satisfaction. As mentioned, the alignment and therefore the
government satisfaction are translated in terms of benefits [27]. Benefit is the
difference between the value and the utility of a service. According to our approach,
the government satisfaction should be considered at different steps. For this end, we
need to evaluate the benefit of functional choices (interoperability strategies) and
non-functional choices (concrete services among a service community). To measure
an interoperability strategy benefit, we use the following technique:
A decision model for the departmental government is built. This model define
an hierarchy of soft goals that reflects the long-term vision. The top of this hierarchy
is the main goal and the lower levels are the refinement of the main goal in more
concrete goals. For example, as shown in Figure 6, the mission of a departmental
government is to become the first virtual provider of an e-Government service.
We enrich the goal model by numerical annotations showing the contribution of
each subgoal to goals of the upper level. To rank these contributions, we use the
smart method and give ‘1’ to the weakest contribution and multiply it to more
important contributions. For instance, satisfying its consumers has a high
contribution to the e-Government mission.

Figure 6. Provider decision model

The contribution of each leaf goal to the mission is calculated by an inference
rule defined as follow: If C(Oi/Oj)= x and C(Oj/Ok)=y then C(Oi/Ok)=x*y, Oi, Oj and
Ok are goals.
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To measure the contribution of a service variant to the enterprise mission, we
use a method similar to that exposed on [27]. This approach uses a goal-oriented
requirement engineering approach to evaluate the contribution of each section to the
leaf goals of the goal model. This contribution is first estimated in terms of value
then in terms of utility. The contribution of each section to the organization mission
is then calculated.
Finally, we use the following rules to calculate the benefit and the value of each
service:
 The benefit of an e-Government service directly deduced from its atomic
services.
 At a variation point, the maximum of the variant values is selected to
evaluate the aggregate service.
 At a composition point, the component values are summed.
Unlike functional strategy evaluation, which is done in a static manner, measuring
the benefit of a concrete service is done dynamically. The value and benefit of a
service are determined according to its non-functional attributes. In our current
work, we consider only utility and response time. In [17], author mentions the
importance of both services to appreciate the integrated web service.
The added value of a web service is defined by t*x where t is the utility of the
service and x is an average of the number of service used per year by one
departmental government. In the case where the service requester is in turn another
government provider he will inflict an added t’*y benefit on his consumer where, t’
is the utility of the integrated service and y is the number of requested atomic
services composing the service in question. To calculate the utility of the integrated
service, the Government Provider (GP) should take into consideration that
consumers expect that getting an integrated service is harder than getting all its
components separately. Thus, the more the composite service gathers few atomic
services provided by different departments, the more the GP is lucky to win benefit.
To measure the provider satisfaction after executing each service, the real benefit is
calculated.
Finally, to bind benefit with the satisfaction degree, the provider can clearly
make assumptions such as “A benefit over 10 unities satisfies me to 80%”.
2. Requester satisfaction. In the context of e-Government interoperability,
satisfaction factors encompass service attributes, system attributes and information
quality attributes [28]. Although requirement engineering has studied extensively
end-user satisfaction, it doesn’t focus on the process of satisfaction formation [28].
In the marketing literature, on the other hand, many models are provided to describe
satisfaction formation. An important framework for understanding the satisfaction
formation process is the disconfirmation paradigm. According to this theory,
satisfaction is determined by the discrepancy between perceived performance and
cognitive standards such as expectations and desires [29]. On line with those
paradigms, we propose a model of user satisfaction based on his expectations and
desires, which distinguishes between two stages: before the execution time and after
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it. To determine the user satisfaction at the discovery and selection times, we use a
technique similar to the government provider case. However, unlike government
provider, the service requester has a short-term vision of its goals and objectives. In
this sense a decision model is associated to each discovery and selection step. For
instance, a government search service satisfies the user if he makes a minimum
effort and gives him pertinent results. However a good government service is a
service that allows him to customize his choices. To select a concrete service, the
user may require a high security rate for a payment service and not wonder about the
security rate of the government service. The decision model is also a goal model
described with soft goals related to the current step.
After the service execution step, the user is asked to give a macro feedback of
his impressions about the adopted service on the basis of perceived performance. He
is asked to answer the following questions: “To what extent the service fulfills your
expectations?” and “To what extent the service fulfills your desires?” User’s
responses to these questions are mainly qualitative and subjective. In such kinds of
situations, fuzzy values are adequate. As proposed in [30], response can be possibly
performed by linguistic variables like: “bad”, “poor”, “fair”, “good” and “excellent”.
A triangular fuzzy number is associated to each linguistic value. Finally, assuming
that expectations and desires have the same weight for the user, the two assessments
are summed and then defuzzified with the center of area method to get a non- fuzzy
value expressing the user satisfaction degree.
3.4.

Guidance-based process to support the Interoperability

The main aim of the proposed approach is to guide user during the interoperability
process. Hence we adopted a meta-strategy. The motivation of the meta-strategy is
to guide a negotiator to make his negotiation decision on the basis of a judgment on
a negotiation situation, which takes into account the actual satisfaction degree, the
cumulative satisfaction value, the opponent behavior and anything he finds
important to make his decision. For instance, a negotiation situation can be qualified
as bad if the satisfaction degree is in a continuous decrease; he is conceding more
than his opponent or the later does not respect his commitments.
Based on the literature review [31, 32] we ended up with the meta-strategy
illustrated in Figure 7. This latter describes the meta-strategy using the MAP
formalism [13]. Indeed, this latter allows specifying process models in a flexible
way by focusing on the process intentions and on the various ways to achieve them.
Making a decision in any negotiation situation may lead to one of the three
following states: the negotiator may maintain the same satisfaction degree, decrease,
or increase it. These three states represent negotiator intentions. To reach an
intention in the MAP model, strategies are used. Three types of strategies are
proposed in the negotiation literature:
 Concession strategy allows negotiator to decrease, within the acceptance
range, his utility function to reach an agreement. Many tactics can be used to
generate concession. For instance, time dependent tactics are adapted if the
time has an impact in the negotiator decision, behavior dependent are used
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when a negotiator tries to imitate the opponent’s behavior and resource
dependent can be applied if the negotiator takes into account the existing
resources.
Trade-off strategy allows a negotiator to make offers that keep his same
satisfaction degree as in the previous step, but expecting to be more
acceptable for its opponent. A trade-off algorithm is proposed by [33]. The
idea of this algorithm is to generate propositions that increase progressively
some variables values.
Argumentation strategy allows negotiators to add explications or to
exercise persuasion forces on opponents. Possible tactics for persuasion are
threats, rewards, appeals and explications. By using different arguments, a
negotiator can increase or maintain his satisfaction degree by convincing his
opponent to accept his offer.

Figure 7. Negotiation meta-strategy

4.

Related Work

There are always alternatives when working on information systems generally and
interoperability in particular. Therefore, some individual researchers tried to tackle
the interoperability challenge by developing some methodologies that provides a
guide on how to implement interoperability solutions between enterprises
(ministries) systems. This approach aims at defining the main steps to follow in a
sequential way.
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In 2005, Daclin proposed a methodology following federated approach [7]. This
methodology establishes interoperability at the business level only. Moreover, it is
very generic and lacks detailed steps to be followed by interoperability solution
implementer. However, it can help in drawing guidelines for detailed methodologies.
In 2007, Sanati and colleagues proposed a new methodology called “E-Service
Integration Methodology” by which the interoperability is considered as part of
software development phases [33]. This methodology doesn’t address
interoperability barriers in details. Moreover, it lacks the implementation details
which requires further research that focus on detailing the integration specific tasks
of E-SIM to clarify such tasks in their depth.
In 2008, Daclin and colleagues proposed another methodology for enterprise
interoperability. It aims “to provide a generic methodology allowing enterprises
identifying their problems in terms of interoperability and selecting solutions
adapted to their needs” [34].
This methodology is more detailed than Daclin’s methodology and provided the
compatibility measurement matrix (Table 1) to identify the barriers over all concerns
before implementing the interoperability solution. However, this methodology was
considered interoperability only between two partners [7]. Therefore, it is not
applicable to be used for e-Government solution where the interoperability must be
considered between many partners sometimes.
In 2009, Saekow and Boonmee proposed a Pragmatic Approach to
Interoperability Practical Implementation Support (IPIS) [28] to approach eGovernment interoperability. They described an overall methodology for IPIS
approach in order to fully engage the e-Government interoperability.
In 2014, Al-Khanjari et al. proposed a new methodology called “E-Service
Integration Methodology” by which the interoperability is considered as part of
software development phases [36]. This methodology doesn’t address guidance.
Moreover, it lacks the implementation details, which requires further research that
focus on detailing the integration specific tasks of E-SIM to clarify such tasks in
their depth.
Even though this methodology is detailed enough in terms of combining existing
solutions, this methodology is dedicated with IPIS tools with a main purpose to help
adapting standards to only achieve technical interoperability. Still, this methodology
does not address the other levels and barriers of the Interoperability.

5.

Discussion and Conclusion

As can be seen, the suggested approach can be used to satisfy a number of limitations
and problems of the traditional software engineering methodologies in terms of
analysis, design and development frameworks to a point that they can hardly cope
with the growing issues of e-Government services interoperability. As well,
investments of utilizing computer systems in government sector result in: isolated,
independent, heterogeneous computer systems that have limited coherence and
largely are uncoordinated.

JIOS, VOL. 41, NO. 1 (2017), PP. 35-56

51

JAMOUSSI, AL-KHANJARI AND KRAIEM

A GUIDANCE BASED APPROACH FOR ENHANCING E-GOV...

The development of this approach is taking into consideration the following
points:
 First: it considers the existing independent software systems deployments
and technical implementation rather than trying to replace them. Ministries
have already invested heavily in building their running systems and it would
be impractical to suggest a big bang approach that induces fundamental
changes on existing infrastructures.
 Second: it is interoperability focused. So it considers the interoperability
identification and elimination as one of the main phases in the proposed
approach.
 Third: this approach is built upon three levels (Generic, local body, system)
and two perspectives (provider and the requester). The three levels give a
complete picture about the know how required to system to achieve eGovernment Interoperability. The two perspectives provides enough anchor
points for systems to coordinate their activity without fully pre-specifying
the capabilities and specifications of the e-Governments and therefore
enhancing the flexibility of e-Government system.
Hence, using the proposed approach will avoid hazardous interoperability problems
and therefore, reduce the time needed to develop interoperability and avoid the
implementation of non-adapted solutions. Here are some benefits of the proposed
approach.
 This approach will be generic enough to be used in any e-Government public
service.
 It allows ministries to identify their problems in terms of interoperability and
select solutions adapted to their needs.
 Unified approach to e-Government projects allows following a structured
approach in a step-by-step manner in order to guide ministries during the
interoperability implementation of solutions.
 Evaluating interoperability degree between ministries to know their strengths
and weaknesses.
 Dynamically composing available interoperability solution services according
to identified requirements.
 Focused on identifying and involving various actors and stakeholders of the
ministries concerned.
We compared our proposed approach with other approaches discussed above in the
related work. The result of this comparison study highlights the contribution value of
the proposed approach and architecture in the body of knowledge. This study’s
contribution linked between many concepts in software engineering discipline.
Besides, it linked between Service Oriented Architecture (SOA), Service Oriented
Development Life Cycle (SODLC), e-Government and Interoperability.
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The work presented in this paper opens the way to different perspectives and can
be continued in several directions. These perspectives can be related to two levels:
that of continuity of the work done and the enlargement of the research area.
 Conduct an empirical study: The empirical study lead as a series of
controlled experiments allows validating the ability of the suggested approach
to solve the existing problems. Nevertheless, we believe that further
experiments should be conducted to confirm the validation of the various
research hypotheses formulated through this paper. We propose, to this end,
to extend these experiences to other samples of subjects and/or other local
body e-Government departments. This would allow us to deduce
improvements.
 Automate the approach: The large number of manipulated data (for big
structures) makes very difficult the manual application of the alignment
process. So the automation of the approach seems essential for using it in
large projects and implemented by some ministries or administrations. A
software environment would be a logical continuation of this work.
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