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Abstract: Digital services can be thought as Internet based appli-
cations that fulfill users’ needs. In the e-government domain, services
encapsulate functionalities and informative resources and their quality
represents a base element during the delivery process. In such a con-
text, usability is one the main quality parameters. In particular, it
refers to the easiness of benefiting from the service and the information
it provides. It is also the starting point for the definition of quality in
e-government focusing on users.

We propose a quality model suitable for the quality assessment of
digital services. Our assessment takes into account e-government quality
features and relies on the following activities: (i) homogenization, (ii)
interaction and (iii) grouping. In order to examine the effectiveness of
our model, we report the results of a set of simulations that we carried
out to study step-by-step the quality of digital e-government services.
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1 INTRODUCTION

e-Government refers to the “use of ICT in public administrations combined with
organizational changes and new skills in order to improve public services and demo-
cratic processes and strengthen support to public policies”, European Commission
(2003). These technologies allow governments to improve both the delivery of gov-
ernment services to citizens and the interactions with the business and industry
world. Digital government services represent one of the most critical areas of the
whole service domain and several definitions are available in the literature; see,
for instance, Elmagarmid and Mclver (2001), Kim et al. (2003) and references
therein. In a broad sense, they can be thought as the provision of services, includ-
ing pure services or tangible physical products, over electronic networks such as
the Internet, Rust and Kannan (2003). In particular, digital government services
encapsulate public administration functionalities and informative resources making
them available through the use of digital interfaces.

Nowadays, quality of services is a “hot topic” of research. There is a very exten-
sive research activity towards quality assessment in different application domains
such as marketing, e-business, bioinformatics but also in software development,
multimedia applications, networking, mobile computing, real-time, embedded ap-
plications, etc. According to the International Organization for Standardization,
the term “quality” is intended as all the features of an entity (resources, services
and tools) that influence its capability to satisfy declared or implied needs, ISO
(1994).

Unfortunately, quality of service receives a little attention by the e-government
research community; see Halaris et al. (2007) and references therein for a review
on quality dimensions in e-government services. Within the application domain of
our interest — e-government — we could rephrase the above definition of quality as
follows:

“all the features of digital services in public administrations that influ-
ence their capability to satisfy declared or implied citizens and firms’
needs”.
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Certainly, quality in e-government plays a significant role. A proper modeling and
assessment of digital services quality is mandatory to satisfy citizens and enter-
prisers’ needs, to make people accept the use of Information and Communication
Technology in their lives as well as to improve “government management”.

Digital services encapsulate functionalities and informative resources. The intro-
duction of quality of service in e-government has to take into account both aspects.
In such a context, usability represents one of the main quality parameters for e-
government services. In particular, it represents the easiness of benefiting from the
service and from the information it provides. Moreover, it is the starting point
for the definition of quality in e-government focusing on the users. In our opinion,
an effective, efficient e-government service passes through usability. This can only
be achieved as a result of a continuous process of user-centred design and quality
monitoring.

The main problem in defining quality is the identification of a complete list of
parameters. We have reviewed the e-government domain focusing on e-government
service components. In this way, we have defined a comprehensive e-government
quality model investigating the domain at different levels of abstraction (user, in-
terface, implementation, and organization). In this paper, we develop a quality
vocabulary focusing on usability. We consider parameters such as attraction, avail-
ability, completeness, specificity (just to cite a few). In particular, we consider
subjective parameters, i.e. those conditioned by individual’s experience or knowl-
edge and by personal mental characteristics or states.

Moreover, we propose a model suitable for quality assessment of digital services.
It considers e-government quality features and relies on the following activities: (i)
homogenization, (ii) interaction and (iii) grouping. Homogenization of the input is
useful to reason over different metrics. It takes also into account whether a given
parameter grows in a proportional or in an inverse proportional way with respect to
the overall quality. Interaction among different parameters allows us to reason on
how parameters influence each other (for instance, how trust parameter influences
adaptability). We use the measurements discussed in Re (2007) to estimate the
value of parameters. Using the same model, we also study dynamic relationships
between each parameter and quality, and pairs of parameters. Finally, the proposed
model groups parameters and manages them with different importance. The main
advantages of using a formal model are that we have a description of the problem
at a high level of abstraction and that we have a formal background on which the
applicative solutions can be based, so to avoid possible structural mistakes and
inaccurate descriptions.

In order to examine the effectiveness of our quality approach we carried out a
set of simulations to study step-by-step the quality of digital e-government services.
In particular, we analyzed the impact of usability.

This paper is organized as follows. Section 2 provides an overview of the e-
government and service domain and Section 3 discusses the role of usability and
quality in this application domain. Section 4 introduces the service quality model
based on a taxonomy of parameters related to usability, distinguishing between
service information and its implementation. Section 5 proposes the mathematical
model useful to assess quality, and Section 6 presents the experimental results.
Section 7 introduces some related works that have contributed to the development
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of our work. Finally, Section 8 completes the paper with conclusions and future
work.

2 E-GOVERNMENT AND SERVICE

Since 2001 e-government has been one of the main application domains for Informa-
tion and Communication Technologies. Moreover, it represents a test bed — not just
in Europe and in the United States, but worldwide — for challenges and opportuni-
ties in a cross-disciplinary area. In literature, several definitions for e-government
can be found. Some of them are focused on the role of service, others take care of
the point of view of citizens, and others are centered in the internal processes of
the administration. Let us outline some of them.

e e-Government is defined as “the use of ICT in public administrations com-
bined with organizational changes and new skills in order to improve public
services and democratic processes and strengthen support to public policies”,
European Commission (2003).

e According to the United Nations, e-government is defined as “the use of infor-
mation and communication technology and its application by the government
for the provision of information and basic public services to the people”,
United Nations (2007).

e The World Bank states that e-government refers to “the use by government
agencies of information technologies (such as Wide Area Networks, the In-
ternet, and mobile computing) that have the ability to transform relations
with citizens, businesses, and other arms of government”, The World Bank’s
Information Solutions Group (2007).

Additionally, dealing with the particular domain of e-government requires to
consider the kind of users we are dealing with. These may include individuals,
organizations, technical systems, social relations and value systems, Traunmiiller
(2003).

In literature, several definitions for e-service can be found. Some of them fo-
cus on the e-commerce/e-business domain; see for instance Tiwana and Ramesh
(2001) that refer to “Internet-based applications that fulfill service needs by seam-
lessly bringing together distributed, specialized resources to enable complex, (often
real-time) transactions”. In this domain, the true nature of e-service is “providing
consumers with a superior experience with respect to the interactive flow of infor-
mation”, Rust and Lemon (2001). e-Government distinguishes customer by public
administration’s users, Mintzberg (1996), and it refers to service as “delivery of
public services to citizens, business partners and suppliers, and those working in
the government sector by electronic media including information, communication,
interaction and contracting, and transaction”, Buckley (2003). In other words,
digital government services encapsulate public administration functionalities and
informative resources making them available through digital interfaces.

A common classification of services is related to the interaction levels: informa-
tive, one-way, two-way and transactional services, Becker et al. (2004). Informative
services are those in which just information is presented. In one-way services the
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information of the service and more structured documents are available for down-
load. Two-way interaction services support complex workflows by which citizens
can submit or receive public administration information and documents. Finally,
transactional services support the inter- and intra-administration case (usually also
payments are supported). Moreover, the services distributed by e-government focus
on the users to provide full support to citizens (G2C services), firms (G2E services)
and others administrations (G2G services and inter-administration activities), see
European Commission (2003).

3 QUALITY AND USABILITY

e-Government is a particular application domain characterized by different kinds
of users whose satisfaction plays a fundamental role. User satisfaction is a complex
topic and it is deeply linked with quality of service definition. It impacts on the
subjective part of the service quality that is, in turn, conditioned by the users’
experience or knowledge and by their personal mental characteristics or states. In
such a context, usability — considered in terms of ease of use — provides a character-
ization on quality in e-government focusing on users’ subjectivity, when the service
is used under certain state conditions.

User A
Interaction

Information
Usability

Web Service
Usability

Y

Service
Interaction Lewvel

Figure 1 Usability Views in e-Government.

As previously mentioned, services encapsulate functionalities and informative
resources. The introduction of quality of service in e-government takes into account
both aspects. In our opinion, usability represents the main quality parameter for
e-government services in use (see Figure 1). It focuses both on service design and
deployment (regarding service functionalities) and on service delivery (regarding
informative resources). Moreover, it depends on the interaction level of service and
on the different kind of users. Generally speaking, it represents the easiness of
benefiting from the service and its information. The International Organization for
Standardization defines usability as “a measure of the effectiveness, efficiency and
satisfaction with which specified users can achieve specified goals in a particular
environment” ISO (1993).

Concerning the functionality aspects, the impact of usability on technologies
must be considered. We underline the role of web services as the most common
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implementation of digital services, Alonso et al. (2003). Quality permits the ser-
vice deployment into any on-line environment quickly and easily. The impact of
web services and their usability is widely investigated in the literature; see, for in-
stance, Martens (2003) and Batini et al. (2007). The quality of web services already
considers, in a sort of way, the impact on the user of how the service is provided.

At the same time, to achieve the highest level of information quality has become
a fundamental aim in the e-government domain. In our opinion, information related
services and informative services in public administrations must be taken into con-
sideration. They represent one of the main steps to reach a mature e-government.
They can be used in a knowledge intensive process, like the design of service of
public administrations. The usability of such information supports the design of
services with high quality level.

Information and usability are widely investigated in Hilbert and Redmiles (2000)
and in Ellis and Kurniawan (2000). While researches have performed several inves-
tigation on usability, none of the existing approaches systematically couples with
service and information usability in e-government. Our investigation coherently
supports both usability views in the particular domain of e-government.

In the following section we introduce a quality model and a quality assessment
model focusing on quality and usability.

4 E-GOVERNMENT QUALITY MODEL

In this section we present the parameters of our quality model, which is able to
assess the quality in e-government. Focusing on usability, we introduce a three
level model. The first level introduces the basic usability parameters and focuses
on effectiveness, efficiency and satisfaction. The second and the third levels de-
fine a categorization on digital services. In particular, the second level focuses on
(i) e-government parameters that take into account how digital services of public
administrations are perceived by the final users and (ii) presentation parameters
that analyse front-office services with respect to the final users’ needs. This second
level is very important for informative services. Then, the third level discusses (i)
behavioral parameters that describe the implementation of back-end services and
(ii) infrastructural parameters related to the basic infrastructures enabling digital
services.

4.1 Usability Related Aspects

In the following we introduce four parameters that support the assessment of the
usability level of a service taking into account users and the subjective component
of quality. We focus on effectiveness, efficiency and satisfaction, Frokjaer et al.
(2000), and we take into account the application domain.

e Understandability is the measure of how readily the users perceive infor-
mation significance and service behavior.

e Learnability is the measure of information and service level to support the
user’s ability to correctly use the service and to read the information with
and without instructions.
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e Compliance represents the level of service and information to introduce an
harmonious environment where the behavior and the actions are predictable.

e Attractiveness is the measure of the service ability to attract users.

Usability in e-government domain assumes a very importance role in particular
related to elderly and disability Becker (2005). At the same time, an hight level
of service usability supports the citizens inclusion in line with e-government main
aims Sahraoui (2007).

4.2 Service Related Aspects

Service parameters are split in two parts (i) e-government and (ii) presentation. In
the e-government group we introduce the following items. Popularity considers the
amount of population interested in the service as well as the frequency of utilization
with respect to a period of time and to the number of government-users. Moreover,
we introduce Multicanality that points out service distribution solutions (Web,
mobile computing, and so on). We also consider Internationalization that refers
to the languages used for service description and distribution, and Reputation
that represents the service trustworthiness. We introduce Originality and Con-
tents that are related to service contents quality. Originality focuses on the service
innovation level, while Contents measures the capabilities of public administrations
to provide useful and proper information. Legality represents laws and norms
that regulate the provision and the service use. A further significant parameter is
Domain Security that measures the process and information control level. Trust
represents the level of confidence among stakeholders in the service execution. This
parameter involves citizens, enterprises, public administration employees, software
agents and organizations focusing the attention on proper skills and tasks. At the
same time, a digital service underlines privacy and communication security levels.
A proper service distribution allows a certain level of trust and promotes the service
utilization. Moreover, Promoting e-democracy represents a useful parameter to
estimate the impact of a service on the society. This supplies a quantitative value
to show how a service can promote digital citizenship, namely, the set of practices
of ICT used by citizens to take part in political choices at any level. The presence
of forums, FAQs, mailing lists, etc. — related to the service — has a good impact
on the value of this parameter. Finally, we consider the Completeness of a ser-
vice, representing the Europe levels. It is evaluated starting from different ways to
interact with the services.

About front-end related aspects we take into account Cost, Accessibility and
Adaptability. The Cost parameter measures the mean amount of money involved
in a complete service transaction, capturing the economic condition of the service
use. It summarizes every cost related to the service provision such as execution
price and pricing model. Accessibility measures the users’ easiness to detect and to
use the needed service capabilities. It is particularly relevant with respect to dis-
advantaged people. Finally, Adaptability evaluates the service capacity to change
(or being changed) and make itself suitable for a new context.
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4.8 Implementation Related Aspects

As service parameters, the implementation parameters are split in two parts (i)
behavioral and (ii) infrastructural. In the first group, we consider the Interoper-
ability level achieved by the service. It represents the amount of cooperative work
among consumer applications, software agents and services in different development
environments that implement and deploy procedures. From this perspective, the use
of standards affects service interoperability. It is also measured by supported stan-
dard/regulatory. Moreover, Applicative Security represents the security level of
web services introducing authentication and authorization policies and procedures.
Integrity, about data and transactions, is another important element. It measures
the service ability to prevent unauthorized access to - or modification of - computer
programs or data. It is based on the ACID properties: atomicity, consistency, iso-
lation and durability, Gray (1981). At the same time, Robustness/Flexibility
measures the service capabilities to work correctly even when not valid, incomplete
or conflicting inputs occur. It is affected by service stability in terms of its interface
and/or implementation.

About infrastructure parameters we analyse the following items. Availability
represents how the service is available when a client attempts to use it. Perfor-
mance represents how fast a service request can be completed. It measures the
speed in completing tasks using service response time, latency and execution time.
Scalability refers to the capability of increasing the service capacity in terms of
operations or transactions processed in a fixed time. Moreover, Scheduling refers
to the quality level of the service assigning resources. Throughput represents the
transfer rate of information in a given time interval. It is measured using successful
execution request and successful execution rate. Finally, Reliability represents
the ability of a service to perform its required functions under stated conditions for
a specified period of time.

5 QUALITY ASSESSMENT MODEL

In this section we introduce our mathematical model for quality quantification of
e-government digital services. After three normalization phases, the model provides
the assessment of the quality level. Starting from a set of quality parameters the
model estimates a value in the [0...100] range.

This model is inspired to that of Liu et al. (2004), but we introduce fur-
ther elements like data homogenization and interaction between parameters. In
more detail, (i) homogenization of the input is useful to reason over different e-
government parameter metrics and behavior. The homogenization takes also into
account whether a given parameter grows in a proportional or inverse proportional
way with respect to the overall quality measurement. For example, infrastructure
related parameters measured against time needs to be aggregated with security pa-
rameters measured with boolean values (or some other metrics). About trend, if the
quality of the infrastructure increases, then also the quality of security increases.
At the same time, we introduce (ii) interaction among parameters to measure dy-
namic relationships. Using this, we can take into account how parameters influence
each other (for instance, usability parameter influence service trust).
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5.1 Input of the Model
Let S be a service. The mathematical model uses the following input parameters.

e Q = (q1,.-,qn) is an array of n natural numbers representing the measured
value of parameters related to the service S. Each ¢; , 1 < ¢ < n, is collected
during a measurement process and represents a specific view of the service.
The considered parameters are related to the second and third level of the
model.

e 7 = (z1,...,2n) is an array of n boolean values used in the normalization
phase. Each z;, 1 <1i < n, takes its value as follows:

if the ¢; parameter in @) grows in pro-
1 portional way with respect to the over-
all quality value
Z; =
if the g; parameter in ) grows in in-
0 verse proportional way with respect to
the overall quality value

e C = (c1,...,¢p) I8 an array of n positive natural numbers used during the
normalization process. Each ¢; represents the upper bound of the g; parameter
in @ vector. The elements of C' are related to the parameter analysis: they
depend on the specific metrics used to express them and on the methodology
of the measurements

e 7 is an n X n matrix of values in the range [0..1]. It shows the interaction
level between the parameters in @) and introduces the impact of the usability
component of the model. Each m;, 1 < j,k < n, takes its value as follows:

a value in ]0..1]  if ¢; and g; interact
Mjk =
0 otherwise

Note that all the diagonal values of Z should be 0, i.e. each parameter has not
relevant interaction with itself. For instance, cost parameter can not interact
with itself in the same spatio-temporal location.

e D is a n x [ matrix of boolean values where n is the number of parameters
and [ is the number of quality groups. D is used to group parameters with
similar features. Each parameter can belong to one and only one group, i.e.
the matrix must satisfy the following constraint.

l
Vil<i<n, Y dij=1
j=0

We use h; to denote the cardinalities of groups. Moreover, we use H to denote
the array of these [ values.
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e W = (wq,...,w;) is an array of [ natural numbers in which each wj is the weight
of the group i. The array must satisfy the following constraint: 22:1 w; =
100. The weights can also be associated to parameters if and only if the
groups are all singletons.

Figure 2 shows the phases to evaluate the overall service quality.

All the input values of the quality assessment model are estimated using the
measurement model introduced in Re (2007). In particular, the values of array @
are the average values of a proper number of measurements. The other values can
be derived from the values in @) and the values in Z are the statistical correlation
coefficient, which describes the strength of association between the values of all the
considering measured parameters.

A

¢ aostevel S
(_qosLevel

Parameter
Interaction

Data
Homogenization

Figure 2 QoS Assessment Model Phases.

5.2 Phases of the Model

Phase 1: Data Homogenization

As a first step, let @, Z and C be the input arrays. We introduce a normalization
function f; which takes triples of the form (g;,z2;,¢;) — where ¢;, z; and ¢; are
the i-th elements of the arrays @, Z and C respectively — and returns a value
in the range [0...100]. Using this function, we obtain a new array Q' of elements
q} = f1(qi, ni,c;). The formal definition of the function f; is as follows:

i % 100 ;% 100
filgi,ni, ci) = n; <q*> + (1 —ny) (100 _ q*)

(& (&
Phase 2: Parameters Interaction

In the second phase we determine the interaction factors of the quality parameters.
We obtain the interaction factor ¢, 1 < k < n, as follows:

Z?:l My k

Pr = n—1

The proposed interaction factor does not take into consideration recursive impact
on parameters since Z is a matrix with null diagonal elements.
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Each element ¢} obtained in the first phase must be normalized again to obtain
a new array (" whose elements ¢/ are calculated as follows:
4 = piq;

where ¢; and ¢} are the i-th interaction factor and the i-th element of the array @’
respectively.

Phase 3: Grouping and Group Weight

At this point, we introduce the possibility of grouping the parameters in order to
manage them as groups with different importance. We exploiting, to this purpose,
the matrix D and the array W.

We use the matrix D to obtain a new array G (its element will be denoted by
g1, g2, - . .) of quality values for each group as follows:

G=Q"D

Finally, to give the overall quality value for the service we use the QoS Level
function defined as follows:

22:1 B w
1
D1 Wi

where g; and w; are the i-th elements of the arrays G and W respectively, and h;
is the cardinality of i-th group. The function gives a value in the range [0...100].

QoS Level(G,H,W) =

6 EXPERIMENTATION

The case study that we present briefly summarizes some of the results which can
be obtained using our quality assessment. In order to examine the effectiveness
of our approach we carried out a set of experiments to study step-by-step the
impact factor of the parameters of digital e-government services on quality. We
rely on an existing shared service management system, the so-called TecUt portal
(www.tecut.it), a portal developed in collaboration with one of the Italian regions:
the Marche Region, Corradini et al. (2007).

TecUt supports activities of small and medium municipalities providing a “gate-
way” between citizens/enterprises and public administrations. It gives a rapid ac-
cess to services by means of a single access point. TecUt is an ASP.NET Web
Application running on IIS6 (Windows Server 2003 Environment). The Server is a
Pentium IV 3.0GHz with 1Gb of RAM located inside the Marche Region Demili-
tarized Zone.

We focused on the service in use and we identified the users, the organizational
environment and the technical environment to define the input of the model. In this
section we present the most important experimental results related to the global
trend of the quality function on a specific service under stress. The service under
study in the TecUt portal is the Residence Certificate request. It is used to certify
personal information with respect to legal residence/domicile.

11
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Figure 3 Quality distribution.

After several experiments we were able to assess the quality trend. It increases
or decreases steadily with respect to the trend of the parameters. Moreover, the
behavior of the frequency distribution of the quality values follows a normal trend
(Figure 3). Taking into account the central limit theorem, the sum of large and
independent quality observations has an approximate normal distribution (Gaussian
Distribution) under certain general conditions.

Varying all the parameters not related to usability, the overall quality assessment
does not exceed a certain value. Therefore, the values of the usability parameter
affect the quality upper bound (in our experimentation measured in 85, as shown in
Figure 3). We also conclude that usability introduces an essential impact on quality
and that the impact of the interaction between the usability parameters with the
other parameters supports quality stabilization (around 50, as shown in Figure 3).

7 RELATED WORK

On application domains such as marketing, e-business, and streaming multimedia
the literature on quality of services contains interesting approaches. All of these
contributions influenced somehow the development of our work. However, as far as
we know, our work is the first attempt to introduce a formal quality assessment of e-
government digital services focusing on usability and taking into account the role of
users and Information and Communication Technologies. In our case, an in-depth
analysis of literature on quality has given the necessary input for both the definition
of the e-government quality model and the assessment model. In this section we
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essentially concentrate on those papers that have more directly contributed to the
development of our work.

Starting from government quality literature we identify two main areas of inter-
est:

e organizational performance: CAF, Center (2006), Balanced Scorecard,
Kaplan and Norton (1992), and Six Sigma, De Feo and Barnard (2005);

e site quality: SiteQual, Webb and Webb (2004), Portal Usage Quality,
Liu et al. (2004), IP-Portal, Yang et al. (2005), Norwegian Approach,
Jansen and Olnes (2004), and G-Quality, Garcia et al. (2005).

Regarding organizational performance, the papers mainly discuss the role of
organizations, while services play a marginal role. Quality models are defined, but
without introducing specific ICT and usability aspects. Our approach takes into
account organizational elements for the identification of implicit relationships in
the e-government domain and, also, focuses on the distribution of digital services
and related issues.

The site quality area introduces facilities to measure the quality of web sites
focusing on the e-government front-end aspects. We referred to this line of research
for the definition of parameters and metrics related to the front-end layer of the
services. Indeed, the evaluation and the monitoring of digital government services
must consider aspects like adaptability, accessibility, etc. The introduction of a
proper client side represents a fundamental part of the distribution of e-government
services. We also mention e-government in Thai approach, Sukasame (2004). This
work presents a conceptual framework and some factors (content, linkage, reliability,
ease of use and self-service) affecting the e-service provided on the web portal of the
Thailand’s government. Unfortunately, it does not introduce a complete discussion
on the objectively measurable parameters of the quality of digital services and does
not underline the potential of usability representation.

In the area of marketing of services we have considered interesting works, such
as SERVQUAL, Parasuraman et al. (1998). The marketing literature always states
that the perceptions of quality of services are important elements of the customers’
satisfaction. The e-government setting heavily relies on technological and domain
dependent constraints. Interesting suggestions also came from the business manage-
ment domain with a special focus on the quality policies, see Seth et al. (2005) and
references therein. In particular, Yang and Jun (2002) introduce a business service
quality model that underlines the role of users (purchasers and non-purchasers).
Their satisfaction plays a role in this setting, too. In the e-government domain,
of course, we do not rely on business executives, but the customers’, that is citi-
zens, perception of services quality is crucial. Santos (2003) introduces a model of
e-quality to achieve high customer retention, customer satisfaction, and profitabil-
ity for the organizations in e-business. He proposes a model of e-service quality
that takes into account static and dynamic parameters. Unfortunately, none of the
presented models propose a complete set of parameters and the impact of usabil-
ity on it. It has to be said that the literature on marketing contributed to our
quality approach on the subjective part, helping us in the area of investigating the
users’ feeling on the services. At last, but with the same importance, we mention
Barnes and Vidgen (2006); it supported the definition of our quality model in the

13
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extraction of the information on user interface. It is an interesting effort in the
introduction of usability.

Regarding the technological aspects, we underline the role of web services, Ba-
tini et al. (2007), as the most common implementation of digital services in e-
government. In Ran (2003), Farkas and Charaf (2003), and Maximilien and Singh
(2004) there is a first approach to define non-functional aspects in the discovery
of web services. From these works we have selected interesting parameters. In
particular, Ran (2003) suggests an UDDI (Universal Description Discovery and In-
tegration) quality extension as a solution for the discovery of web services. In this
way, during the discovery phase, functional and non-functional service aspects are
introduced. In Farkas and Charaf (2003) a software architecture is proposed to pro-
vide web services with high quality. They implement a broker for service discovery
to reflect quality parameters stored in UDDI. Maximilien and Singh (2004) discuss
the lack of a description of non-functional attributes needed for the discovery of web
services. They propose an ontology-based framework to describe quality in order
to improve the stakeholders’ interaction. In Nahrstedt et al. (2001) and Tsetsekas
et al. (2001), quality is introduced in a middleware domain. In Nahrstedt et al.
(2001) the authors discuss quality middleware information able to support quality-
based applications like streaming and e-business. This work presents key aspects
about service quality introducing application and process quality information at a
low abstraction level. In Tsetsekas et al. (2001) a middleware that drives service
presentation to the users is proposed. It allows the description and the selection
of quality parameters and the resources that support the quality. In general, dis-
tributed applications and their quality provide several hints to quality of services in
e-government. Finally, Menasce (2003) and Corradini et al. (2004) introduce digital
service quality in e-commerce and bioinformatics, respectively. They propose an
approach for domain related quality investigation.

8 CONCLUSION AND FUTURE WORK

In this paper we have defined a quality model based on the role of information us-
ability, which is one of the main aspects in the quality assessment for e-government
digital services. The quality model focuses both on information and service aspects.
Moreover, we have defined an assessment model useful for having a description of a
complex environment where the interactions play an important role. We have pre-
sented the results of a step-by-step experimentation to show how our model works.
In our case study we observe a significant impact of usability parameters on the
overall quality.

As future work, we first want to further evaluate the proposed approach with a
different and larger experimentation, not focusing only on usability. We also plan to
define a comprehensive quality of service methodology that adds to the presented
model the organizational aspects of public administrations. Related to this, we
intend to propose our model as a mean to make a comparison among services (with
the same functionalities) provided by several public administrations.
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