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Abstract: Empirical studies are an essential component of web engineering
research and practice. They provide the means necessary to understand, assess,
control, and improve web management and development practices and their
use of technologies. The results of empirical studies can be used to inform
practitioners and researchers alike, and are the means for building a body of
knowledge containing sound theories.
This special issue focused on studies where results are based on qualitative
and/or quantitative data, which has been used to describe, investigate, and
assess relationships between products, processes, and resources. Six studies are
presented, four of which are case studies, and two formal experiments.
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Introduction

The World Wide Web (WWW) was originally conceived in 1989 as an environment to
allow for the sharing of information (e.g., research reports, databases, user manuals)
amongst geographically dispersed individuals. The information itself was stored on
different servers and was retrieved by means of a single user interface (web browser).
The information consisted primarily of text documents inter-linked using a hypertext
metaphor2 (Offutt, 2002).
Since its original inception, the web has changed into an environment employed
for the delivery of many different types of applications. Such applications range
from small-scale information-dissemination-like applications, typically developed by
writers and artists, to large-scale commercial, enterprise-planning and scheduling,
collaborative-work applications. The latter are developed by multidisciplinary teams of
people with diverse skills and backgrounds using cutting-edge, diverse technologies
Gellersen and Gaedke, 1999; Ginige and Murugesan, 2001; Offutt, 2002). Numerous
current web applications are fully functional systems that provide business-to-customer
and business-to-business e-commerce, and numerous services to numerous users
(Offutt, 2002).
Industries such as travel and hospitality, manufacturing, banking, education, and
government utilised web-based applications to improve and increase their operations
(Ginige and Murugesan, 2001). In addition, the web allows for the development of
corporate intranet web applications, for use within the boundaries of their organisations.
The remarkable spread of web applications into areas of communication and commerce
makes it one of the leading and most important branches of the software industry
(Offutt, 2002).
To date the development of industrial web applications has been in general ad hoc,
resulting in poor-quality applications, which are difficult to maintain (Murugesan
and Deshpande, 2002). The main reasons for such problems are unawareness of
suitable design and development processes, and poor project management practices
(Ginige, 2002).
As the reliance on larger and more complex web applications increases so does the
need for using methodologies/standards/best practice guidelines to develop applications
that are delivered on time, within budget, have a high level of quality and are easy to
maintain (Taylor et al., 2002; Ricca and Tonella, 2001; Lee and Shirani, 2004). To
develop such applications web development teams need to use sound methodologies,
systematic techniques, quality assurance, rigorous, disciplined and repeatable processes,
better tools, and baselines. Web engineering aims to meet such needs (Ginige and
Murugesan, 2001). The term ‘web engineering’ was first published in 1996 in a
conference paper by Gellersen et al. (1997). Since then this term has been cited in
numerous publications, and numerous activities devoted to discussing web engineering
have taken place (e.g., journals, workshops, conference tracks, entire conferences).
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Web engineering and science

Web engineering is described as (Murugesan and Deshpande, 2001):
“the use of scientific, engineering, and management principles and systematic
approaches with the aim of successfully developing, deploying and maintaining
high quality web-based systems and applications.”

Engineering is widely taken as a disciplined application of scientific knowledge for the
solution of practical problems. A few definitions taken from dictionaries support that:
“Engineering is the application of science to the needs of humanity. This is
accomplished through knowledge, mathematics, and practical experience
applied to the design of useful objects or processes.” (Wikipedia, 2004)
“Engineering is the application of scientific principles to practical ends, as the
design, manufacture, and operation of structures and machines.” (Houghton
Mifflin Company, 1994)
“The profession of applying scientific principles to the design, construction,
and maintenance of engines, cars, machines, etc. (mechanical engineering),
buildings, bridges, roads, etc. (civil engineering), electrical machines and
communication systems (electrical engineering), chemical plant and machinery
(chemical engineering), or aircraft (aeronautical engineering).” (Harper Collins
Publishers, 2000)

In all of the above definitions, the need for ‘the application of scientific principles’ has
been stressed, where scientific principles are the result of applying a scientific process
(Goldstein and Goldstein, 1978). A process in this context means that our current
understanding, i.e., our theory (hypothesis) of how best to develop, deploy, and maintain
high-quality web-based systems and applications, may be modified or replaced as new
evidence is found through the accumulation of data and knowledge. This process is
illustrated in Figure 1 and described below (Goldstein and Goldstein, 1978):
•

Observation
To observe or read about a phenomenon or set of facts. In most cases the motivation
for such observation is to identify cause and effect relationships between observed
items, since these entail predictable results. For example, we can observe that an
increase in the development of new web pages seems also to increase the
corresponding development effort.

•

Hypothesis
To formulate a hypothesis represents an attempt to explain an Observation. It is a
tentative theory or assumption that is believed to explain the behaviour under
investigation (Fenton and Pfleeger, 1997). The items that participate in the
Observation are represented by variables (e.g., number of new web pages,
development effort) and the hypothesis indicates what is expected to happen to these
variables (e.g., there is a linear relationship between number of web pages and
development effort, showing that as the number of new web pages increases so does
the effort to develop these pages). These variables first need to be measured and to
do so we need an underlying Measurement Theory.
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Prediction
To predict means to predict results that should be found if the rationale used in the
hypothesis formulation is correct (e.g., web applications with a larger number of new
web pages will use a larger development effort).

•

Validation
To validate requires experimentation to provide evidence either to support or refute
the initial hypothesis. If the evidence refutes the hypothesis then the hypothesis
should be revised or replaced. If the evidence is in support of the hypothesis, then
many more replications of the experiment need to be carried out in order to build a
better understanding of how variables relate to each other and their cause and
effect relationships.

Figure 1

The scientific process

Observation
Hypothesis
Prediction
Validation
No

Valid?
Yes
Theory

The scientific process supports knowledge building, which in turn involves the use
of empirical studies to test hypotheses previously proposed, and to assess if current
understanding of the discipline is correct. Experimentation in web engineering is
therefore essential (Basili, 1996; Basili et al., 1999).
The extent to which scientific principles are applied to developing and maintaining
web applications varies among organisations. More mature organisations generally
apply these principles to a larger extent than less mature organisations, where maturity
reflects an organisation’s use of sound development processes and practices (Fenton and
Pfleeger, 1997). Some organisations have clearly defined processes that remain
unchanged regardless of the people who work on the projects. For such organisations,
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success is dictated by following a well-defined process, where feedback is constantly
obtained using product, process and resource measures. Other organisations have
processes that are not so clearly defined (ad hoc) and therefore the success of a project is
often determined by the expertise of the development team. In such a scenario, product,
process, and resource measures are rarely used and each project represents a potential risk
that may lead an organisation, if it gets it wrong, to bankruptcy (Pressman, 1998).
The variables used in the formulation of hypotheses represent the attributes of
real-world entities that we observe. An entity represents a process, product, or resource.
A process is defined as a software-related activity. Examples of processes are web
development, web maintenance, web design, web testing, and web project. A product is
defined as an artefact, deliverable, or document that results from a process activity.
Examples of products are web application, design document, testing scripts, and fault
reports. Finally, a resource represents an entity required by a process activity. Examples
of resources are web developers, development tools, and programming languages (Fenton
and Pfleeger, 1997).
In addition, for each entity’s attribute that is to be measured, it is also useful to
identify if the attribute is internal or external. Internal attributes can be measured by
examining the product, process, or resource on its own, separate from its behaviour.
External attributes can only be measured with respect to how the product, process, or
resource relates to its environment (Fenton and Pfleeger, 1997). For example, usability is
in general an external attribute since its measurement often depends upon the interaction
between user and application. An example of classification of entities is presented
in Table 1.
Table 1

Summary characteristics of the three types of empirical investigations

Characteristic

Survey

Case study

Formal experiment

Scale

Research-in-the-large

Research-in-the-typical

Research-in-the-small

Control

No control

Low level of control

High level of control

Replication

No

Low

High

Generalisation

Results representative
of sampled population

Only applicable to other
projects of similar type
and size

Can be generalised
within the
experimental conditions

The measurement of an entity’s attributes generates quantitative descriptions of key
processes, products, and resources, enabling us to understand behaviour and result. This
understanding lets us select better techniques and tools to control and improve our
processes, products, and resources (Pfleeger et al., 1997).

3

Type of empirical studies

Validating a hypothesis or research question encompasses experimentation, which is
carried out using an empirical investigation. The three different types of empirical
investigation that can be carried out are classified as (Fenton and Pfleeger, 1997):
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Survey
A retrospective investigation of an activity in order to confirm relationships and
outcomes (Fenton and Pfleeger, 1997). It is also known as ‘research-in-the-large’ as
it often samples over large groups of projects. A survey should always be carried out
after the activity under focus has occurred (Kitchenham et al., 1995). When
performing a survey, a researcher has no control over the situation at hand, i.e., the
situation can be documented, compared to other similar situations, but none of the
variables being investigated can be manipulated (Fenton and Pfleeger, 1997). Within
the scope of software and web engineering, surveys are often used to validate the
response of organisations and developers to a new development method, tool, or
technique, or to reveal trends or relationships between relevant variables (Fenton and
Pfleeger, 1997). For example, a survey can be used to measure the success of
changing from Sun’s J2EE to Microsoft’s ASP.NET throughout an organisation,
because it can gather data from numerous projects. The downside of surveys is time.
Gathering data can take many months or even years, and the outcome may only be
available after several projects have been completed (Kitchenham et al., 1995).

2

Case study
An investigation that examines the trends and relationships using as its basis a
typical project within an organisation. It is also known as ‘research-in-the-typical’
(Kitchenham et al., 1995). A case study can investigate a retrospective event, but this
is not the usual trend. A case study is the type of investigation of choice when
wishing to examine an event that has not yet occurred and for which there is little or
no control over the variables. For example, if an organisation wants to investigate the
effect of a programming framework on the quality of the resulting web application
but cannot develop the same project using numerous frameworks simultaneously,
then the investigative choice is to use a case study. If the quality of the resulting web
application is higher than the organisation’s quality baseline, it may be due to many
different reasons (e.g., chance, or perhaps bias from enthusiastic developers). Even if
the programming framework had a legitimate effect on quality, no conclusions
outside the boundaries of the case study can be drawn, i.e., the results of a case study
cannot be generalised to every possible situation. Had the same application been
developed several times, each time using a different programming framework3 (as in
a formal experiment) then it would be possible to have better understanding of the
relationship between framework and quality, given that these variables were
controlled. A case study samples from the variables, rather than over them. This
means that, in relation to the variable programming framework, a value that
represents the framework usually used on most projects will be the one chosen
(e.g., J2EE). A case study is easier to plan than a formal experiment, but its results
are harder to explain and, as previously mentioned, cannot be generalised outside the
scope of the study (Kitchenham et al., 1995).

3

Formal experiment
Rigorous and controlled investigation of an event where important variables are
identified and manipulated such that their effect on the outcome can be validated
(Fenton and Pfleeger, 1997). It is also known as ‘research-in-the-small’ since it is
very difficult to carry out formal experiments in software and web engineering using
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numerous projects and resources. A formal experiment samples over the variable that
is being manipulated, such that all possible variable values are validated, i.e., there is
a single case representing each possible situation. If we apply the same example used
when explaining case studies above, this means that several projects would be
developed, each using a different object-oriented programming language. If one aims
to obtain results that are largely applicable across various types of projects and
processes, then the choice of investigation is a formal experiment. This type of
investigation is most suited to the web engineering research community. However,
despite the control that needs to be exerted when planning and running a formal
experiment, its results cannot be generalised outside the experimental conditions.
For example, if an experiment demonstrates that J2EE improves the quality of
e-commerce web applications, one cannot guarantee that J2EE will also improve the
quality of educational web applications (Kitchenham et al., 1995).
There are other concrete issues related to using a formal experiment or a case study that
may impact the choice of study. It may be feasible to control the variables, but at the
expense of a very high cost or high degree of risk. If replication is possible, but at a
prohibitive cost, then a case study should be used (Fenton and Pfleeger, 1997). A
summary of the characteristics of each type of empirical investigation is given in Table 1.

4

Guide to special issue

Empirical studies are an essential component of web engineering research and practice.
They provide the means necessary to understand, assess, control, and improve web
management and development practices and their use of technologies. The results of
empirical studies can be used to inform practitioners and researchers alike, and are the
means for building a body of knowledge containing sound theories.
This special issue focused on studies where results are based on qualitative and/or
quantitative data, which has been used to describe, investigate, and assess relationships
between products, processes, and resources. Six studies are presented, four of which are
case studies, and two formal experiments.
In ‘An empirical approach to evaluating web application compliance across diverse
client platform configurations’, Eaton and Memon present a case study that assesses the
effectiveness of a novel technique to evaluate web application correctness across multiple
client configurations. Their technique uses an inductive model that, based on empirical
data gathered from fielded applications, predicts how an application is expected to
execute. The model evolves automatically based on data from applications that are
executing correctly or not, for particular configurations.
In ‘Performance tuning and cost discovery of mobile web-based applications’, Book
et al. present a case study based on simulation that allow the specification of time and
volume predictions for interaction patterns subjected to the frame conditions of a mobile
channel. Such predictions can be used to provide project managers with a cost estimate
that can be used to decide whether or not it is feasible to add a mobile presentation
channel to an existing web application.
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Jayalal et al. in ‘Web site link prediction using a Markov chain model based on
multiple time periods’ use a case study to investigate the use of a Markov chain model
based on an exponentially-smoothed transition probability matrix to estimate links to
be selected by users. The model is based on site usage statistics collected over multiple
time periods.
Wang et al. in ‘A user-oriented reliability modelling approach for web systems’
describe a series of case studies that compare their user-oriented reliability model to a
Markov-based model. The aim of using their model is to prioritise fault removal and
therefore help improve reliability by assisting with resource and effort allocation.
In ‘Interdependence between technical web accessibility and usability: its influence
on web quality models’, Arrue et al. describe a formal experiment carried out to assess
whether more accessible web applications were more usable applications for general
users in terms of target found, response time, disorientation and satisfaction. Accessibility
was measured using the accessibility metrics proposed in Arrue et al. (2005).
In the last paper of the issue, ‘Koba4MS: reducing development and maintenance
efforts for web-based recommender applications’, Felfernig describes a formal
experiment that investigated the effects of applying automated testing and debugging
techniques to reduce the development and maintenance effort and faults in developing
recommender knowledge bases used by recommender applications. Knowledge-based
recommender applications aim to providing clients with suggestions (recommendations)
that suit very closely their needs.
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Notes
1
2
3

http://www.cs.auckland.ac.nz/tukutuku/
http://www.zeltser.com/web-history/
The values for all other attributes should remain the same (e.g., developers, programming
experience, development tools, computing power, and type of application).

