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INTRODUCTION

The Internet has enabled e-commerce
that offers organizations and consumers
a unique channel to deliver and purchase
goods and services. E-commerce can be
classified as B2B (business-to-business),
B2C (business-to-consumer), and C2C
(consumer-to-consumer). B2B e-com-
merce, which is currently the fastest-grow-
ing segment of e-commerce (Fellenstein
& Wood, 2000), consists of making the
flow of goods and services across orga-
nizations more efficient. This efficiency
is typically increased by using standards
for electronic data exchange, automating
certain processes across organizations, and
providing direct database access to external
organizations, usually via the Internet. B2C
e-commerce consists broadly of providing
consumers with uninterrupted access to an
organization’s goods and services, with
minimal geographical boundaries. This is
usually done by creating a virtual storefront

(Katerattanakul & Siau, 2003), consisting
of components such as shopping carts, cata-
logs, and electronic-payment mechanisms.
C2C e-commerce consists of providing
distribution channels for consumers to sell
goods and services to each other. Typical ex-
amples of this include auction sites, where
users can auction items to each other, and
consumer rating services, where consum-
ers can share information about goods and
services with each other.

E-commerce is different from tradi-
tional commerce in several aspects. First,
the barriers to entry for setting up a virtual
business are considerably lower than for
setting up a typical “brick-and-mortar”
establishment. Second, geographical bar-
riers are considerably reduced, providing
sellers access to a larger customer base.
Third, aggregation of demand by several
individual buyers is now possible, leading
to better negotiation of prices on behalf of
these buyers. Fourth, unique pricing mecha-
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nisms such as “name yourown price” (€.g.,
priceline.com) and asynchronous auctions
(e.g.,e-bay)are now possible. Fifth, search
engines and rating sites provide aggregated
information to the buyer about the differ-
ent sellers of a particular good or service.
Not only has the Internet forced changes
to existing business models, it has also
enabled new ways of doing business and
providing service. Strategies for compet-
ing in the Internet age and for e-commerce
may be different from traditional commerce
(Nah, Siau, & Sheng, 2005; Sheng, Nah,
& Siau, 2005). Also, new services such as
e-banking, e-learning, e-health, e-govern-
ment, and e-collaboration are enabled by
the Internet (Bajaj & Ram, 2003; Erickson
& Siau, 2003; Long & Siau, 2007; Siau &
Kam, 2006; Siau & Long, 2006; Siau &
Nah, 2006; Siau & Shen,2006; Siau, Sheng,
& Nah, 2006; Southard & Siau, 2004).
Nevertheless, e-commerce raises several
concerns. Forexample, issues suchastrust,
security, and privacy concerns are more
profound in e-commerce (Wyse, 2006). As
such, the architecture and infrastructure of
an e-commerce system may be different
from a traditional system. We may also need
new e-commerce model and development
methodology (Krogstie, Lyytinen, Opdahl,
Pernici, Siau, & Smolander, 2003).
Thearticle highlights areas of research
in the construction of e-commerce applica-
tions. We do not look at lower-level issues
such as communication protocols or secu-
rity mechanisms, though these are certainly
large areas of research. Instead, we focus
on e-commerce application construction.
While we do not claim to be exhaustive,
our goal is to be as comprehensive as
possible in covering different aspects of
e-commerce application construction. The
rest of this article is organized as follows.
Inthe nextsection, we listdifferent aspects
of e-commerce application construction,

and indicate some research questions for
each aspect. We then present some general
conclusions about trends in this area in the
third section.

Different Aspects of E-Commerce
Application Construction

The aspects of e-commerce system con-
struction that we will look at include the
use of model-based methodologies, the use
of component-based methodologies, the de-
velopment of CASE tools for e-commerce
construction, and the developmentofnovel
architectures of e-commerce systems.

Model-Based Methodologies

The motivation behind developing model-
based approaches to hypermedia design
has been to provide a defined set of primi-
tives that are independent of the content
of the actual application. Depending on
the model, these primitives are useful
in describing conceptual relationships
in the content, specifying navigational
links, and specifying the interface prior to
implementation. Recently, there has been
a thrust to incorporate formal design met-
rics as part of a model (Bajaj & Krishnan,
1999). We describe three models briefly
to give a flavor for this arca: the relation-
ship management methodology (RMM)
(Isakowitz, Stohr, & Balasubramanian,
1995), the object-oriented hypermedia
design method (OOHDM) (Nanard &
Nanard, 1995) and the Conceptual Model
for Usable Web Applications (CMU-WEB)
(Bajaj & Krishnan, 1999).

The RMM model consists of entities
with attributes and 1:1 and 1:n associative
relationships. The subsetof the attribute set
of a single entity that is shown on a single
HTML (hypertext markup language) page
istermed aslice. Navigation between slices
of the same entity is done using uni- and
bi-directional links. Navigation across enti-



ties is done using indices, guided tours, or
groupings. An index is a table of contents
toa listof entity instances of the same type.
A guided tour implements a linear path
through a collection of items. A grouping
is a high-level menu that provides access
to other features such as indices and guided
tours. Using RMM involves drawing the
entity-relationship diagram first. Next,
different slices are constructed from the
diagram, determining how information
from within entities will be grouped for
display purposes. These slices are orga-
nized into pages. Next, navigation paths
are constructed between these slices.
Relationships are used to determine these.
So, if faculty teaches courses, then the
“teaches” relationship may indicate thatall
courses taught by a faculty member must
be accessible, as also all faculty members
who teach a particular course. Isakowitz
et al. (1995) offer heuristic guidelines on
how to construct RMM schema.

The RMM model focuses on interface
construction and offers a data-centric view
(derived somewhat from traditional con-
ceptual database modeling) of the interface
prior to actual implementation.

The OOHDM model comprises of
four differentactivities: conceptual design,
navigational design, abstract interface
design, and implementation. These four
activities may be done iteratively, with
prototype-based development. In the
conceptual design phase, the application is
modeled using well-known object-oriented
principles (Rumbaugh, Blaha, Premerlani,
Eddy, & Lorensen, 1991), with additional
primitives such as attribute primitives and
sub-systems. The primary end product of
this phase is a class diagram with relation-
ships.

The navigation phase recognizes that
navigation patterns for the same conceptual
schema are dependent on the users access-
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ing the application. The primitives used
in this phase are nodes, links, and access
structures (indices, groupings, and guided
tours). Nodes represent views of class attri-
butes, so that a node can have one or more
attributes listed from one or more classes.
Links are defined from relationships in the
conceptual schema, though more links can
be added, depending on the user profile.
The navigational class schema lists all the
navigational nodes, with anchors designat-
ing links between nodes. The navigational
contextschema lists contextclasses, which
describe whatelements ofanode are visible
within a particular context.

The abstract interface design phase
involvescreating interface level classes and
objects. Essentially, the method of repre-
sentation of the different objects, and the
user’s interaction (e.g., ‘mouse-clicked”)
are listed here. The implementation phase
involves converting the navigation and
abstract interface schemas into concrete
objects, using available tools.

The OOHDM model borrows heav-
ily from object-oriented concepts, though
many of its concepts are essentially simi-
lar to RMM. The navigation concept and
abstract interface design are attempts to
address the actual usability of the appli-
cation. Both RMM and OHDM offer the
ability to document the design; however,
they do not address the key issue of what
makes for a better design of the user
interface. The recently proposed CMU-
WEB model attempts to do this (Bajaj &
Krishnan, 1999).

The primitives in the CMU-WEB
model are information chunks, which are
related using relationships, and hyperlinks,
which are within and outside applications.
An application consists of canvas views,
each of which contains information chunks
and hyperlinks. CMU-WEB has consider-
ably fewer primitives than other methods,
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thus possibly making it easier to produce
schemas of real-world applications. The
main advantage of CMU-WEB is that
it offers quantitative metrics that can be
evaluated for a particular CMU-WEB
schema. These metrics measure usability
requirements such as coherence of acanvas
view, global coherence of the entire ap-
plication, the cohesion of the information
on each canvas view, and the coupling of
information across canvas views. Usage
of the CMU-WEB model involves com-
ing up with a user interface plan, and then
developing a CMU-WEB schema for the
interface. The metrics for the schema can
then be calculated. Interfaces that have al-
ready been developed canalso be evaluated
by creatinga CMU-WEB schema for each
interface and then evaluating the metrics
for each schema.

Based on our survey of model-based
methodologies, the key research areas ap-
pear to be the development of models that
will: (a) be scalable so that they can be used
forreal-world applications; (b) support new
systems development such as Web, e-busi-
ness, knowledge management, and ERP;
and (c) provide feedback on the goodness
of the application, along dimensions such
as usability and efficiency of the applica-
tion. The standardization and continued
evolution of Unified Modeling Language
(UML) (Booch, Rumbaugh, & Jacobson,
2005; Erickson, Lyytinen, & Siau, 2005;
Lujan-Mora & Trujillo, 2006; Mammar
& Laleau, 2006; Rumbaugh, Jacobson, &
Booch, 2004; Siau, Erickson, & Lee, 2005;
Siau & Tan, 2006) will have a profound
impact on the subsequent development of
model-based methodologies.

Component-Based Methodologies
Over the last decade, the usage of library-
based components has evolved into CBSD
(Component Based Software Develop-

ment) (Clements, 1995; Jin, Urban, &
Dietrich, 2006). CBSD embodies the
“buy, don’t build” philosophy proposed by
Brooks (1987) and emphasizes composing
software systems, rather than program-
ming. The development of standards such as
CORBA (Common Object Request Broker
Architecture), Java Beans,and COM (Com-
ponent Object Model) means that several
skeleton infrastructures are now available,
into which pre-built components can be
plugged. For example, it is possible for an
organization to adopt a CORBA architec-
ture, and to plug in CORBA components
intoan enterprise-wide information system,
including e-commerce components. The
development of software components is
now a growing industry.

The mainresearchareas in CBSD from
an application construction perspective
include the construction of increasingly
complex components, and attempts to
standardize components so that a system
can be composed of components purchased
from different vendors.

Research on the construction of com-
plex components is important, because
well-designed components need to have
strong internal cohesion, weak coupling
with other components, and a need to
provide as generic an interface as possible,
to create maximum reuse. Lower-level
infrastructural components are relatively
straightforward to define, but application-
level components need to follow different
semantics for different applications. Thus,
a low-level communication protocol
component will offer the same interface
to all applications, but an application-
level component, like a shopping cart, will
work differently in different e-commerce
applications. One open research question
is the definition of application-level com-
ponents so that they can be used in diverse
applications.



The second research question related
to reusability is the establishment of stan-
dards for application-level components.
Standard interfaces for components such
as catalogs and shopping carts will allow
the creation of a market for com ponents,
sothatorganizations can compose systems
by purchasing components from different
vendors. The requirements for a standard
are that it provides a generic interface and
still provides flexibility, so that components
from different vendors can differentiate on
criteriasuch as cfficiency, cost, and feature
sets. We next briefly describe some repre-
sentative standards that are evolving.

Several frameworks or models for e-
commerceare evolving. Examples include
thebuilding blocks model (CEN and ISSS),
the EC-DTF reference model (OMG &
Net), the ecoFramework project (Net and
Systems) and the Open Trading Protocol
(OTP) specification ( Consortium). The
building blocks model, sponsored by the
Information Society Standardization Sys-
tem (ISSS) and the European Commission
DG I1I/B2, is an attempt to identify key
components (blocks) in business processes
and to identify technical solutions to each
of these blocks. The EC-DTF reference
model, sponsored by Object Management
Group(OMG)and CommerceNet, attempts
to identify objects at different levels for
enabling e-commerce. At the lowest level,
EC-DTF covers infrastructure services
like payments. At a higher level, facilities
like catalogs, brokerage, and agencies are
also covered. EcoFramework, sponsored
by Veo Systems and Commerce Net, is
meant to be a framework of frameworks.
The four frameworks that it addresses
are: applications and services that model
business processes; a common business
language using messages and objects; an
extensive set of interface specifications,
class libraries, and network services; and
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a layer of middleware that insulates ap-
plications from each other and platform
dependencies. Recently, ecoFramework
has expanded its scope to covera variety of
specifications such as Catalog Interchange
Specification using the extensible markup
language (XML) (Khare & Rifkin, 1997).
The OTP specification is an attempt by
the OTP consortium to specify a unified
framework for trading over the Internet.
The OTParchitecture aims at identifying all
the parties that play roles in e-commerce,
andthe sequences of key steps in electronic
commerce such as delivery and payment.
Examples include the consumer, the mer-
chant, the deliverer, and the consumer care
provider. OTP also seeks to identify all the
transactions that can occur between these
parties and then uses XML to specify the
content and format of messages that con-
stitute these transactions.

All of these frameworks or models
are still evolving and, in time, may be
submitted for evaluation as standards. As
new technologies such as XML continue
to emerge and develop (Yin & Pedersen,
2006; Zhang, Liu, Ling, Bruckner, &
Tjoa, 2006), several of these frameworks
incorporate the facilities offered by these
technologies. Thus, document interchange
specifications using XML are now being
added into many frameworks (Zhao & Siau,
2007). All of these frameworks are being
created by committees or consortiums, and
under sponsorship. A top-down approach
is being followed to create them, and in
their final form they are all likely to be
very large and comprehensive, encompass-
ing both business-to-business (B2B) and
business-to-consumer (B2C)e-commerce.
Since all these frameworks have the same
goals of identifying commerce objects and
documents, it is doubtful that the business
community will embrace any one of these
standards for actually doing e-commerce,
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over the others. Hence, the two issues of
good interfaces to components as well as
the definition and adoption of standards that
satisfy the requirements listed earlier are
likely to be open questions in research.

CASE Tools in E-Commerce
Construction

While there has been some move towards
developing CASE tools for €-commerceap-
plication construction, primarily from mod-
el based methodologies (e.g., OOHDM,
RMM), there is a paucity of literature on
the subject, and we believe this is still a
relatively open area of research. Research
questions in this area include: (a) how to
define the primitives that need to be stored
in repositories for €-commerce applica-
tion construction, and (b) how to provide
rapid-application development capability
for e-commerce systems.

The Development of Novel
Architectures for E-Commerce
Applications

For this work, we define the architecture
of an e-commerce application to be the
application level components, and the
relationships between them. An example
of a traditional B2C architecture would
be an information page, a catalog, a shop-
ping cart, an order form, and a payment
component, with obvious relationships
between them. Over the last years, tra-
ditional architectures have evolved in all
Categories ofe-commerce applications. An
open research question is the proposal and
testing of novel architectures. Anexample
of a novel application-leve] architecture
is the security system offered by First
Virtual Holdings (Borenstein et al. 1996)
that offers acceptable security using non-
encryption-based techniques. The secu-
rity is rooted at the application level, and
stems from the sequence of simple steps

that parties involved in a transaction must
follow. The advantage of this architecture
is that it only requires e-mail access, and
hence can be used to collect payments
in low trust, less-developed economies.
Another example ofa novel architecture is
the proposal of intell igent agents that can
shop and negotiate on behalf of one party
in a potential e-commerce transaction or
a listing of agents that can be used for e-
commerce. As new technologies, such as
XML, continue to emerge, we anticipate
thatthey will enable new application-level
architectures.

CONCLUSION

In this article, we highlight some of the
research areas at the application level, in
the construction of €-commerce applica-
tions. The area of model-based method-
ologies attempts to bring discipline to
the construction of primarily customized
applications. The area of component-based
methodologies aims to standardize the
construction of applications. Applications
that use components would usually not use
model-based methodologies. Thus there
is a tension between the two areas, with
one offering the advantage of disciplined
customized applications, and the other
offering easier-to-build components. The
formeralso appears to be more mature than
the later, since components and component
standards are only recently being proposed,
and, to the best of our knowledge, none have
enjoyed wide-spread acceptance yet. The
development of CASE tools stems mainly
from model-based methodologies, though
there is noreason why CASE tools may not
be proposed as repositories for com ponents,
with front-ends for com posing e-commerce
applications from components, as compo-
nent standards emerge.
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