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Abstract

Organizations are adopting processes as an efficient tool to manage and con-
trol the business. Naturally, business processes are an important source of
requirements for system analysts and developers when designing and imple-
menting systems. These systems cover more and more business activities,
gradually automating and improving the overall efficiency of the organiza-
tion. This automation effort tends to be done rapidly to follow the business
dynamism, however the alignment between business and IT becomes over-
shadowed. The initiative to keep processes and systems aligned came from
IT that developed techniques to control the alignment of business processes
and their systems, which is the enthusiasm behind the Service Oriented Ar-
chitecture. However, there lacks a solution that addresses a major aspect
of systems: their user interfaces. The negative impact of focusing only on
functional aspects is that many changes on business processes that affect user
interfaces are not carefully considered. Therefore, our solution is a framework
for aligning business processes with user interfaces of systems by adopting
a user-centered perspective. This framework establishes an unbroken chain
of links between business processes models, task models and abstract rep-
resentations of user interfaces. Once the models are linked, the framework
is able to predict the impact that any change on these models may produce
in other models. Such support is targeted at large organizations in order to
enable them to be more capable of managing those links with consistency.
This approach is an innovative strategy that integrates researches on inter-
action design and business process management with practical implications.
Its main differentials include using simple models; considering light actions;
preserving the independence of technology; and adopting a human-oriented
approach assuring that every managed information impacts people and not
only systems, thus enabling fast adaptation to the business dynamism.





Chapter 1

Introduction

“Architect the lines, not the boxes.”, Bruce Robertson, research vice
president at Gartner on a new approach for Enterprise Architecture,

August, 2009.

This thesis aims to bring a deeper concern on user interaction into the
reality of managing information systems that support Business Processes
(BP), which are known as enterprise systems.

In this context, the research goal of this work is to define a framework
for the alignment of business processes with user interfaces of enterprise sys-
tems by adopting a model-driven and user-centered approach. This chapter
explains the main research topic of this thesis.

1.1 Research Motivation

Most large organizations represent the way they work in order to teach their
professionals to repeat certain steps every time they need to do certain things,
but also to preserve their own corporate knowledge. This kind of represen-
tation is called Business Processes (BP), which is motivated by standards,
such as ISO [44] and OMG [86].

Davenport [20] defines a business process as “a structured, measured set
of activities designed to produce a specific output for a particular customer
or market. It implies a strong emphasis on how work is done within an
organization, in contrast to a product focus’ emphasis on what. A process
is thus a specific ordering of work activities across time and space, with a
beginning and an end, and clearly defined inputs and outputs: a structure

1



1.1. RESEARCH MOTIVATION

for action. [...] Taking a process approach implies adopting the customer’s
point of view. Processes are the structure by which an organization does
what is necessary to produce value for its customers.”

Once deployed and adopted in an organization, business processes receive
pressure from the market and even from the workers to be improved. Ralph
Smith emphasizes the importance of process improvement as a way to identify
and correct weaknesses and alerts that this initiative has become more critical
and frequent in the twenty first century [108].

Information Systems (IS), more specifically Enterprise Systems (ES),
“support and integrate a full range of business processes, uniting functional
data and making this data visible across the organization in real time” [122].
They largely contribute to process improvement and the IS field has acknowl-
edged the need to design and develop IS to support business, approximately
twenty years ago [69]. The IS infrastructure available contributes to reduce
costs and time when changing processes, thus creating a new classification
for activities, which are automatic and semi-automatic because they can be,
respectively, completely or partially executed by computers, supported by
Information Technology (IT).

The use of IT has evolved over time from its traditional use as adminis-
trative support towards a more strategic role to enforce BP. Today, there is
a strong IT support for business processes, in which many solution providers
are offering frameworks to develop customized systems, thus allowing orga-
nizations to be more flexible; instead of offering generic systems that require
organizations to change before adopting them. This support brings more
flexibility but, at the same time, contributes to reduce the cycle of process
improvement, leading to constant changes in the systems. Therefore, there
is a growing interest on the alignment of IT with business objectives from
different perspectives, such as from business executives, IT managers, and
academics. A new initiative has emerged to solve these issues: Business
Process Management (BPM) is concerned with managing change to improve
business processes [89]. In the 2007 Aberdeen Report we found that 46% of
enterprises were using BPM technologies and strategies with an additional
39% planning to use BPM now, out of over 3,600 collected survey responses
[1]. To understand how this interest has provided support for large organi-
zations and what aspects are still missing in current proposals, we analyze
some works from IT-Business Alignment and Model-Driven UI Development.

2



1.1. RESEARCH MOTIVATION

1.1.1 IT-Business Alignment

IT-Business Alignment refers to applying IT in harmony with business strate-
gies, goals and needs [67]. It supports this research with sound approaches
to link BP with enterprise systems.

It is observed in the IT domain that most researches are focused on spec-
ifying the association between models from business and IT to support prop-
agating changes ([7], [134]). Another observation is that many of these re-
searches use software engineering models to address alignment issues [132],
others are technology oriented [102], while others are focused on the IT in-
frastructure [12].

These kinds of strategies lack the consideration of a major aspect of in-
formation systems: their User Interfaces (UI). The identification of this im-
portant need and the fact that enterprise systems are designed based on BP
models have led us to analyze how some works on model-driven UI develop-
ment find interest on business process modeling.

1.1.2 Model-Driven UI Development

Model-Driven User Interface Development (MD-UID) consists of the devel-
opment of UIs using models and applying a series of transformations between
models in order to generate UIs [88]. MD-UID supports this research with
the knowledge on models, which makes the proposed solution independent
of the technology adopted in enterprise systems, largely differentiated within
organizations. It also supports the user-centered perspective that brings a
viewpoint different from the one usually present in solutions for enterprise
systems.

It has been agreed by academics and practitioners that the potential of IT
in enterprise systems depends on how it is used, which is directly influenced
by the UI [127]. Therefore, some researches on model-driven UI design and
development have found interest in business processes and enterprise systems,
which for a long time have not been considered in such a domain.

This growing interest has been verified in [124], which focuses on design-
ing low-fidelity prototypes based on business process models and on some
works that advocate for hybrid approaches, combining task models, UI mod-
els and process models [120], [94], [58]. However, there are some important
characteristics still lacking for large corporations aiming to align business
processes with UIs, such as the need for deeper concern with user interaction
and people in general, not only with user interfaces and technology.

3



1.1. RESEARCH MOTIVATION

1.1.3 UI-Business Alignment

Researches on the alignment of BPs with Information Technology (IT) have
increased in the last decade because of the improvements derived from the
link between BPs and enterprise systems. Successful Chief Information Offi-
cers (CIOs) are seen as those who bring innovation and promote the growth
and profitability of the organizations. And BPs have been recognized as
enablers of innovation because they are tangible representations of strategic
decisions translated into executable operations. The IBM CIO Survey in
2008 [42] analyzed 2,500 CIOs worldwide working in organizations with a
high profit growth between 2004 and 2007 (called “High-growth CIOs”) and
those working in organizations with a low profit growth (called “Low-growth
CIOs”). This survey reported that “to innovate, High-growth CIOs actively
integrate business and IT across the organization 94 percent more often than
Low-growth CIOs”.

In cases of lack of integration between business and IT, large organiza-
tions have faced severe problems when their employees do not follow certain
established policies and laws because they might have been designed just in
BP models, but not highlighted nor transferred to enterprise systems. And
they also face problems when the evolution of enterprise systems is faster
than the evolution of the business processes supporting it. Organizations
that face these kinds of issues have not employed any alignment strategy
or they apply simplistic strategies that do not cover different organizational
contexts. Aiming to solve that, IT-Business alignment has appeared in the
CIOs concern top ten list since 2004 [68].

Several recent strategies on IT-Business Alignment and MD-UID address
impacts on IT infra-structure and on the functional core with solutions that
automate the generation of systems to provide alignment. Such strategies
usually link business process elements directly with screens. When the BPs
and systems formally exist, the strategies used to create links are also simplis-
tic because they are usually technology dependent. For instance, depending
on the architectural decision, one option is that process elements can be
linked to screens. This can be done by creating references to screens within
the XML of processes [84]. Another option is that screens are linked to pro-
cess elements. This can be done by using the MVC pattern and indicating
in the controller layer which process activity is being performed [106]. In
both cases there is a unidirectional strategy, as depicted in Figure 1.1. In
the worst case scenario, business processes are in people’s minds and it is
impossible to create any formal links.

4



1.1. RESEARCH MOTIVATION

Figure 1.1: Links between process elements and screens

Comprising a larger scope of direct types of links, bidirectional strategies
may define different types of cardinality (Figure 1.2). A one-to-one (1-1)
cardinality, which links one business activity to one screen, is optimistic and
assumes business process automation with UI generation. In a more prag-
matic viewpoint, a one-to-many (1-N) cardinality links one process activity to
several screens; and a many-to-one (N-1) cardinality links several business ac-
tivities to one screen. These current approaches easily ignore a more realistic
viewpoint, in which a many-to-many (N-N) cardinality links several business
activities to several screens, even in different systems, including recent and
legacy applications. This framework also covers these kinds of applications
because there are several organizations that already have their BPs and sys-
tems and cannot afford to re-develop their solutions with new technologies,
but need to analyze impact of changes on their BPs and systems.

Figure 1.2: Cardinality of links between process elements and screens

5
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Aligning BPs with enterprise systems enables organizations to execute
changes with flexibility. However, it is no longer only system processing time
that is pivotal for large organizations to change and improve their services
for customers. To corroborate this, a research from the Center of Excellence
in Process-Efficient Technology has presented results of a new approach to
achieve alignment. This new approach is called Process-Centered Design
(PCD), a design methodology that proposes a business centric approach for
designing user interfaces. Using this approach, they have done a study, which
was conducted with 29 companies that had their enterprise systems developed
aligning business processes with UIs and 23 companies with systems devel-
oped using traditional approaches. This study has shown that the alignment
primarily contributed to 100 to 200 percent user productivity gains [41].

Therefore, we have innovated by aligning IT with BPs through UIs by
originally calling the term UI-Business Alignment. The UI-Business align-
ment uses task models to bridge these distinct domains in a level that is
abstract enough to be technology-independent.

Task models represent users tasks while interacting with systems and they
have been extensively used so far for model-driven UI generation, usability
tests, UI simulation, as a source to improve UI design through different tech-
niques; but our framework is the first one to use task model as a source of
traceability, one of the main differentials in the framework.

The UI-Business Alignment Framework analyzes impact of changes in-
dependent of the way BPs are structured and modeled, and how UIs are
designed and developed. Here, the concept of alignment [39] addresses the
fit between the external business arena (i.e. business process models) and
the internal structure (i.e. UIs of enterprise systems) and the integration of
these structures (i.e. link between BP with UIs).

One of the main innovative aspects of UI-Business alignment is that it
focuses on business process performers, who are also enterprise system users,
instead of uniquely on the systems, which has been extensively done so far.
This framework identifies impacts in terms of UIs that are understood by any-
one who interacts with systems. On the other hand, traditional IT-Business
alignment strategies present impact analysis in terms of system architecture,
such as web services or classes, which are understood only by specialized
professionals (e.g. system analysts, software architects).

To give an overview of the UI-Business Alignment Framework, we high-
light its characteristics:
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Vision for both user interfaces and user interaction: It provides a
strategy in which we can visually see what is specified in business activities
through user interfaces and its components. The use of the task model implies
more concern with the user interaction. Therefore, this framework supports
the core of interaction design: “put the user first, keep the user in the center
and remember the user at the end” [24].

Generic structure: It accepts business activities with different levels of
granularity: From an operational perspective, the activities are defined until
the smallest action. From a process perspective, the activities specify what
is performed and not details of how it is performed [13]. The acceptance of
different BP structures is primordial because this granularity may vary de-
pending on the business context. It also accepts UIs designed and developed
with different technologies by adopting an abstract representation of UIs.

Concern with people: It opens a new channel for business process
improvement that can start with actual users of enterprise systems (bank
employees using the system at the bank agency or customers using electronic
system on the web at home). Their participation as active agents aids in
solving detected issues in business processes through UIs, thus collaborating
to address a major business goal to improve productivity within the organi-
zation.

Support of a software platform: It is supported by a platform with
functionalities that assist in creating a network of links between the models
and identifying the impact of changes that serves to provide traceability and
maintain consistency between business process, task and UI models.

1.2 Thesis

1.2.1 Thesis Statement

This thesis defines a conceptual and methodological framework and a soft-
ware platform for a corporate environment that addresses the alignment
of business processes with user interfaces of enterprise systems using task
models as a cornerstone.

A framework is a structure used to solve complex issues. In this context,
it is a structure composed of: basic concepts, defining the elements of the
models involved in the alignment of business processes and user interfaces;
a methodology, defining the actions to achieve this alignment; and the speci-
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fication of a platform, detailing the main functionalities of a software aimed
towards this alignment. A task model represents a cornerstone because it
occupies a central position in this framework. First, because the creation
and changes on this structure can start from any model and the alignment
is maintained in reference to this cornerstone. Second, because task models
bring the user perspective into a solution aimed to bridge the gap between
the business and the user interface communities.

1.2.2 Hypotheses

The working hypotheses that guide this investigation are:

Integration between business processes and user interfaces: The
main hypothesis of this work is that there is a strong influence from business
processes towards how UIs are conceived. We argue that this hypothesis
is supported by the influence from business process models on the develop-
ment of enterprise systems, demonstrated through enterprise architectures
as a way to describe the logical organization of business processes and IT
infrastructure, originally described as early as in the 80’s by Zachman [140].

Adoption of a model-driven engineering paradigm: This frame-
work follows a Model-driven engineering paradigm because it is independent
of technology, thus, the use of models makes the framework applicable in a
wide range of platform viewpoints [88]. Models are used to direct planning,
communicate, exchange knowledge and maintain enterprise systems repre-
sented through these models. With an explicit definition of meta-models
and structuring rules for model transformation to convert one model into
another facilitates instantiation, mapping, maintenance and reuse of these
models.

Consideration of business process, task and user interface mod-
els: The core models of the framework include three main models: Business
process models used to specify which operations are to be performed by the
organization to achieve specific goals. Task models used to specify how these
operations are performed by the business process performers. UI models to
specify how these performers do their work interacting with enterprise sys-
tems. The main assumption when adopting models is that they do not bring
extra work with their formal manner, but that the time spent on their con-
struction is paid off by their reuse, reduction of complexity of the domain,
increased traceability and time to market, and the improved value of the IS,
as advocated by Larson [62].
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Follows user-centered design approach: User-centered design (UCD)
is an approach to design systems that focuses on using information about
the people who will use the product, that is, the users [47]. UCD methods
focus on users through the planning, design and development of a product.
The standard ISO 13407: Human-centered design process is referenced by
several user-centered design methods, and its main focus is aligned with
existing model-driven approaches (e.g. [16, 124]). These approaches adopt
models useful to describe users, their tasks, the physical environment where
they are located, and other information directly related with them and their
interaction with systems. With a truly user-centered approach, it is possible
to organize functionality in a manner that supports and optimizes the work
performance of real users in their real work environment [70]. Therefore, the
framework adopts UCD techniques to drive the methodology.

Application in the context of large organizations: The framework
maps these models in order to provide a stronger relationship between busi-
ness processes and UIs. With this mapping, the framework is able to provide
a solution that enables organizations to adapt efficiently to business chal-
lenges in the midst of its extensive business processes, thousands of UIs,
hundreds of users and heterogeneous systems, forming an intricate structure.
A complex corporate environment is often faced with the need to control
these complex structures to bring more results and innovate as the elements
of this structure naturally evolve. This has encouraged CIOs to push business
and technology integration in order to make innovation real [42].

Adheres to principles of operations strategy: The framework is
in accordance to the principle of alignment used in operations strategy that
aligns the organization’s ensemble of resources, processes and competencies
with the competitive position that it seeks over time [133]. This is the case
because our alignment approach creates a network of links that enables the
configuration of operations towards improving: process performance, end-
user interaction and the corporate mindset towards these changes, thus link-
ing the operations strategy support: processes, resources and competencies.

Adheres to the theory of structuration: The framework is aligned
with the theory of structuration [31], which states that it is neither only indi-
viduals nor only the organizational rules that shape organizational structure
and changes. It is therefore wise to avoid extreme positions and consider re-
ality as a mix of stakeholders and structure. For that reason, the framework
holds two main characteristics addressing this theory. First, it is human-
centered to enable stakeholders to apply their own knowledge when making
decisions. Second, it is supported by a methodology and software platform to
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structure the routines they must follow, thus being both flexible and struc-
tured. Giddens expresses this by saying that ordinary day-to-day life involves
a link between autonomy of bodily control within predictable routines [17].

Supports traceability: As the models are mapped, a network of links
is created that enables the traceability, that is, “the ability to describe and
follow the life of a requirement in both a forward and backward direction”
[34]. The traceability is described by rules to maintain consistency between
the models and followed by navigating in the network of links in any direction
to analyze the impact of changes.

1.2.3 Research Scope

The research is focused on the topic of UI-Business alignment, which is a
specific research topic that integrates IT-Business alignment and MD-UID.

The main research question is: How do changes on business processes in-
fluence UIs (and vice-versa)? The main proposition for this research is that
business processes do influence UIs of enterprise systems because activities
must be represented in UIs to support professionals in performing such activ-
ities. Therefore, when business processes are changed, the UIs that support
the enactment of these processes must change accordingly. This is possible
through the association of BP elements with UI components. The second
proposition is that mapping business processes with UIs requires more than
direct links, it requires a deeper concern on user interaction. Therefore, we
use task models in order to put user interaction at a strategic point, avoiding
only a business viewpoint. The third proposition is that the human perspec-
tive contributes to improve the user experience because end-users themselves
can collaborate by giving ideas of improvements on UIs that directly influ-
ence the system usage, navigation, interaction, among other aspects that
influence the overall user experience.

The overall research goal is to correlate business with UIs by specifying
a framework composed of: 1) a methodology that defines the association
of business process with UI models, and 2) a platform that supports model
traceability and decision-making on alignment issues. This proposal is mainly
aimed towards organizations that want their systems to address business
processes in a way that as the processes are created, maintained, and evolved,
so are its supporting UIs of their systems and vice-versa.

Framework for UI-Business Alignment: The framework identifies
the links from the business process until the user interface to attain alignment
and guarantee integration between business viewpoint and UI design. Our
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goal is aligned with the definition of Enterprise Architectures (EA), which
are conceptual and methodological frameworks used to depict and align the
organization’s business processes, people and IT software [137].

Methodology for UI-Business Alignment: The methodology sup-
ports the application of the framework through the specification of actions
to be performed by stakeholders involved in working with business process
management and UI design.

Platform for UI-Business Alignment: The platform supports the
traceability from the business process until the user interface with a set of
functionalities that help stakeholders to create the network of links between
these models that promotes the analysis of the impact of changes.

Boundaries

It is not in the scope of this research work to address the following issues:

The use of a model-driven approach supports this framework in terms of
using models as the core artifacts that are managed throughout the UI life
cycle. It does not mean that we provide a model-driven solution to generate
the final product (e.g. concrete and final UIs). This kind of solution is
provided in several works that adopt model-driven engineering approaches for
UI design and development, such as [19] with an MDA approach to generate
web user interfaces.

In the literature, the terms process and workflow are often confused or
misused. To avoid any misunderstanding, we use the definition from the
Workflow Management Coalition Specification (WfMC) [143] that states that
workflow is “the automation of a business process, in whole or part, during
which documents, information or tasks are passed from one participant to
another for action, according to a set of procedural rules.”

This definition of workflow is clearly different from the definition of pro-
cess from the Business Process Modeling Notation (BPMN), V1.2 [87], in
which: “a process is any activity performed within a company or organiza-
tion.” Even though we address processes designed in a flow-chart format, we
clearly distinguish business process from its automation as a workflow. To
complement, one important aspect to point out is that “what distinguishes
an arbitrary set of coordinated activities from a business process is the fact
that the process must add value to some customer, whether internal or ex-
ternal to the organization” [110]. Therefore, we recognize that Business
Process is more appropriate for this framework.
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Target Audience

The target audience of this thesis is composed of, but not limited to:

• Research communities: The Human-Computer Interaction (HCI),
Enterprise Engineering and Business Process Management (BPM) com-
munities interested in IT and UI-Business Alignment;

• Large organizations: The context of large organizations, for example
banks, industries, among others that adopt business process manage-
ment and use enterprise systems for their routine corporate activities.

• Educational Institutions: Universities with an open curriculum that
includes teachings on new solutions proposed by the research commu-
nity with application in real scenarios and a sound scientific foundation.

1.3 Reading Map

This thesis is organized in the following chapters:

Chapter 1 presented the main motivations, intended goals, and the overall
structure of the research work.

Chapter 2 presents and compares some existing works on IT-business
alignment and MD-UID concerning predefined requirements for the integra-
tion of these domains.

Chapter 3 presents the UI-Business alignment framework in which models
are at the core of the solution, how they are mapped and managed to provide
alignment, and how professionals can understand and use the solution.

Chapter 4 presents the UI-Business alignment platform by explaining the
taxonomy used to specify the rules that control the mappings between the
models whenever changes are performed as a support for decision making.

Chapter 5 demonstrates the validity of the framework by presenting the
theoretical validation, based on the comparison of our proposal with specific
requirements; and the empirical validation, based on two case studies used
as running examples throughout the work.

Chapter 6 concludes this work by presenting the major contributions and
proposing future works.
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Chapter 2

State of the Art

“Focus on process alone can lead to design by checklist.”, Karel Vredenburg,
User Experience Design Program Director, IBM Design.

This chapter presents the state of the art on aligning business processes
with IT, including how UIs are handled in this context in order to evalu-
ate their main characteristics. First, works on IT-Business Alignment are
presented, followed by works on Model-Driven UI Development that are con-
cerned with UIs of enterprise systems.

2.1 IT-Business Alignment

Recent works propose different types of technological support for traceability
between business processes and the supporting software systems, such as [3]
and [124]. As Business-driven IT management (BDIM) refers to a research
area that focuses on making IT help the business [104], it is evident that the
importance of maintaining business process-IT alignment has increased. The
three-layer BDIM model to derive IT-business linkage mapping functions [79]
are: business layer, which models business entities; business process layer,
which consists of processes dependent on IT services; and IT service layer,
which considers IT infrastructure, its services and behaviors of users of such
services. These layers are linked to investigate cause-and-effect relationships.
Similar to this model, we present other strategies to align business processes
and enterprise systems.
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2.1.1 Strategy, Business Process and Information Sys-
tems

A framework was defined to do the traceability between business strategy,
business processes and IS using UML stereotypes [134]. This framework
proposes a diagram called Goal/Process/System (GPS) diagram, which rep-
resents the association between these three areas and allows identifying de-
pendencies when changes are performed in any of these areas.

The first level of the GPS diagram aims at describing the business strategy
through goals. The second level is composed of the business processes that
must satisfy one or more goals that produce, consume or refine resources, and
that are located in one flow activity graph. The third layer is the information
systems layer that supports business processes and is composed of system
components.

Goal modeling is done based on the notions of Goals, Problems and Con-
tradictions and on the fundamental concepts in the Balanced Scorecard [54]
that distinguishes strategic goals (with long-term purposes) and operational
goals (with short-term purposes that the company must achieve). Besides,
each one can be classified in qualitative or quantitative.

Business process modeling uses the value chain model [95] to analyze
business processes by highlighting primary activities (directly related to the
organizational products and services) and support activities (the ones that
support the core activities).

Information System (IS) Modeling uses a UML extension that they have
developed, called Extended Component stereotype, which represents the
functional building blocks of the system.

This framework can be observed from two views. The first one is the
structure view that presents the three framework layers: 1) the goal diagram
describes the goal structure of the company. 2) the process diagram with
the dependencies between the business processes. 3) the IS diagram with the
system structure and dependencies between components. The GPS diagram
puts it all together and depicts the dependencies between goal, process and
IS. The second view is the behavior view, which shows the dynamics of the
processes and resources with state diagrams, and the interactions between
components with UML sequence and collaboration diagrams.

The GPS diagram is used to analyze the dependencies between strategy,
business processes and IS. For example, a new business strategy to start
selling on-line leads to setting new goals (e.g. have interface adapted to
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costumers), which requires changes in supporting processes (e.g. arrange
product displays) to embrace these new goals. Consequently, to support the
new business needs, certain system components (e.g. component for on-line
shelf management) must be created or changed.

The GPS diagram has a high level definition that does not demonstrate
how it can express dependencies when the requested changes are very specific
and within components. This happens because the GPS diagram does not
show the details of the IS diagram. For instance, when users request viewing
detailed payment values, where can we find the information that specifies
which components are affected for a retail store case study? Is it in all
of the Purchasing components; including Purchase Order and Invoice sub-
components or only in one of these sub-components?

This work has been extended at the IS level to facilitate system integration
[135]. However, the association of the IS level with the business level is still
done through the higher level of the IS definition.

2.1.2 The CEO Framework

The Center of Organizational Engineering (CEO) Framework represents an
Enterprise Architecture (EA) that aligns the organization’s strategy with its
business processes, people and Information Technology (IT) software and
hardware [110, 137]. This framework comprises five architectural compo-
nents used to model the organization: Organizational Architecture, Business
Architecture, Information Architecture, Application Architecture and Tech-
nological Architecture.

The organizational architecture specifies the organization in terms of en-
terprise mission, vision, strategy, organizational goals and organizational
units. It is not related with the specific business conducted by the organiza-
tion neither with the mechanisms to accomplish the creation of organizational
value.

The business architecture represents how business strategies are imple-
mented through business goals and how business processes are defined. A
business process is the core concept within this architecture and it represents
a set of coordinated, value-adding activities that operate over input entities
and produce output entities.

The information architecture describes the key information elements needed
to run the organization’s processes and operations as described in the busi-
ness architecture. It provides a high-level logical representation that is inde-
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pendent of system and technology by describing the business roles necessary
to operate activities, which include actor that represents a person, machine
or device, or an information system; a resource that represents input or out-
put for the activity; and an observable state that is a specific resource used
to observe the status of an activity.

The application architecture defines the applications required to support
business requirements specified in the business architecture and to manage
organization’s entities analyzed in the information architecture. These appli-
cations are described using IS blocks that depict application building blocks
and then further defined as a collection of services, mechanisms and opera-
tions to handle organizations’ information.

The technological architecture represents the technologies necessary for
the implementation and the infrastructure needed for the deployment of the
business process support systems. This architecture uses IT blocks to repre-
sent the infrastructure, application platform and technological components
that implement a set of IS blocks. In addition, IT services are used to
describe a set of technological services provided by the specific application
platforms.

They have assessed the alignment between the architecture views and its
elements by defining a set of rules for the dependencies between three ar-
chitectures [110]. First, rules to assess the alignment between the business
and information architectures in order to enable business people to have the
information they need to run the business. Second, rules to assess the align-
ment between the business and application architectures in order to guaran-
tee efficiency to conduct and fulfill the business through automated business
services. Third, rules to assess the alignment between the information and
application architectures in order to ensure that applications have the right
data for processing. In addition, there is a set of integrity rules that deal
with the relationships between pairs of specific architecture components, for
instance, between activity from information architecture and strategy from
organizational architecture.

The CEO Framework has evolved with the inclusion of a human per-
spective in order to capture how human agents establish relationships with
activities, resources and concepts of the other perspectives [137]. A set of
changes have been made on the CEO Framework, for instance, the concept
of service is no longer part of the technological layer because human agents
can also provide them; and culture has been included in the organizational
perspective. For the human perspective, it distinguishes between individual
subject and collective subjects. Individual subjects relate to organizational
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activities and resources by specific personal contexts performing actions and
collective subjects by specific interaction contexts and its created interactions
between individuals. Contexts are situations that emerge from interactions
among resources and activity-related agents. Since contexts are situated in
time, it is possible to know what individuals or collective subjects are doing
at particular moments in the project. For example, it is possible to know
for a specific individual, which are her/his active contexts in a certain pe-
riod; which activities she/he has performed during a specific period; which
resources she/he used for each context; etc. The CEO Framework has been
structured as an EA aimed at having a significant impact on the awareness
of organizational members at all levels [69].

2.1.3 Artifact-Centered Operational Modeling

Artifact-Centered Operational Modeling (ACOM) is an approach to capture
business operational knowledge that is distinguished from other approaches
by identifying one information structure, the artifact, which travels from end
to end in a process. It can be understood as an alternative to more familiar
approaches, such as BPMN. The goal of an operational model using the
ACOM approach is to “represent business operations at a granularity that
is sufficient for validating and managing progress toward goals and to clarify
the dependencies between goals.” [13]

They have defined a framework for IT-enabled business transformation
using ACOM as the central foundation. Figure 2.1 depicts the framework
that is divided in four abstraction layers, each one dedicated to model the
enterprise behavior from a different perspective. The ACOM is used in this
framework to provide a direct link between the strategic and development
layers.

The strategy model lists the business objectives that can be specified in
terms of the Balanced Scorecard [54], similarly to the GPS diagram (ex-
plained in sub-section 2.1.1). The operation model specifies the structural
and behavioral aspects of business using the ACOM approach. The solution
composition model is a platform-independent design of the solution to be im-
plemented. The implementation model is a platform-specific version of the
solution composition model that specifies systems by using a service-oriented
architecture (SOA) platform.

The ACOM approach is exemplified by a supplier and customer transac-
tion processing in a health insurance company. This project aimed to redesign
their provider data management processes in order to keep the database of
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physicians in its provider networks up-to-date and allow faster processing of
claims. For this purpose, they decided to use operational modeling to help
define their processes in a standard manner.

Figure 2.1: The Framework for business transformation (from [13])

The ACOM approach was used by company representatives and gener-
ated operational models for the processing of the update provider artifact.
They delivered standardized processes for the different offices throughout the
geographic service areas of the company, by considering the artifact-centric
view and removing focus from detailed activities.

The ACOM’s focus on operational goals and how they satisfy business
goals provides a traceable link to strategy. This results in the ability to map
organizational goals with effective IT implementations.

2.1.4 Alignment Strategy

This strategy detects misalignment when a change is executed by applying
two different techniques [7]. First, it considers attributes of objects in order
to identify misalignment. Such objects are either process activities or sys-
tem components (classes and methods). Second, it uses impact analysis to
identify objects affected by a performed change. The attributes of objects
considered in this work are “technological coverage” and “technological ad-
equacy”. These parameters advocate the point of view of the organization’s
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managers and the business process executors. The impact analysis considers
the dependencies between the objects, identifies the types of modifications
(modify activity/software component) and the propagation rule that needs
to be executed to propagate a change to the connected objects.

This proposal is focused on traceability techniques (e.g. alignment iden-
tification and impact analysis) considering the system components, which is
commonly found in other approaches. It goes further in details than the pre-
viously mentioned work, but it still lacks the support for a user perspective
since it is focused on technological and managerial aspects.

2.1.5 MetaMIS approach

There are also approaches that use theories to understand organizations and
ISs to help with alignment and communication. The approach applied by
Rosenkranz & Holten [101] uses the cybernetic concept of variety as a mea-
sure for the complexity of systems (e.g. organizations, ISs), that is, the pos-
sible states or patterns of behavior of a system. Following a language-based
approach to ISs, they argue that conceptual models can be used to commu-
nicate the possible states of a system. They used the MetaMIS approach,
an ontology-driven method to bridge communication gaps between the busi-
ness process and IT departments. It has been found in various researches
that such communication gap is very common because one department finds
it difficult to understand reports coming from the other department. To
deal with this issue, we agree that conceptual models can express the shared
understanding of the concepts of the organization.

Aiming at solving communication issues, one of their examples is related
to appointing employees with IT background to work in the business unit.
However, in our analysis, it represents a short-term solution that is strongly
dependent on the knowledge of specific individuals and, consequently, a mis-
use of resources, as they have agreed upon in their concluding remarks. Such
solutions are often applied to address increasing time pressures, common in
the banking business.

2.1.6 End-User Business Process Modeling

The End-User Business Process Modeling [119] is an approach in which busi-
ness users are active participants in business process modeling using the
Collaborative Task Manager (CTM), which provides end-user development
capabilities. In their approach, formal process flows are created based on
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tasks users are performing that are tracked by web services on a central
server. CTM tracks personal to-do lists of different process participants
and integrates them in Task Delegation Graphs (TDGs), which provide a
workflow-like overview of collaborative tasks. These tasks are considered as
input for the definition of Task Patterns, considered as reusable hierarchi-
cal task structures. CTM formalizes the process using the JBoss Business
Process Management (jBPM) solution. The deployed jBPM flows can be
executed using the jBPM engine. This approach allows the formal workflow
to be deviated so users can do ad-hoc tasks, which facilitates redefining the
workflow.

Their solution is useful for situations where the organization does not have
their processes formally modeled, neither enterprise systems that automate
their processes and need to create a workflow system to guarantee that the
sequence of activities is done by the respective participants, thus saving the
effort to distribute tasks by e-mail.

Similarly, Zacarias et al. [138, 139] enrich enterprise modeling with a
methodological approach to capture and model work practices by acknowl-
edging the complexity and dynamic behavior of people at work. Their frame-
work defines an architecture and ontology of organizational agents that in-
cludes five essential concepts: resources, entities required to perform activi-
ties; agents, resources with acting, coordination and adaptation capabilities;
activities, abstractions of what agents do; roles, the observable behavior of
agents; and context, determines the specific role played by agents. Actions of
agents are captured to identify personal contexts, which are linked together
to find inter-personal context-based networks. From there, action flows are
identified, forming a business process of way activities are actually performed,
using the Microsoft EM Clustering algorithm. This resulting process can be
used to check the alignment of the actual execution with the current mod-
els and correct deviations or to detect innovations and update the current
models.

2.1.7 Model-driven development approaches

The Model Information Flow used at SAP [12] follows a model-driven ap-
proach that uses models and transformations between them to define, deploy
and manage SAP applications. It is noted that the models in the chain, after
the business process model is customized for a project, are mostly related
to IT infrastructure, for instance models to describe internal structure of
the software, demand for resources by components, resource infrastructure
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configurations, etc.

There are recent works on the domain of model-driven architecture that
discuss about traceability in model-driven development and its importance
to analyze alignment with requirements, impact and propagation of changes,
etc. However, the most common use of traceability in model transforma-
tions is between data models and class diagrams, such as in [132], which
discovers useful trace information from model relations. In the work of [102]
on the traceability in model-driven development of business applications,
they link artifacts from the development process that range from software
requirements, test cases, design objects and code fragments. It does not
mention any artifact for UI and the artifacts are not necessarily models, but
sometimes text documents, for instance. On the other hand, it focuses on
how software development techniques aid in traceability, in their case, using
aspect-orientation.

2.2 Model-Driven UI Development

Models are abstractions over a (part of a) software aiming at simplifying
the specification (design, development and other stages) of complex software
[36]. A model-driven approach “provides a means for using models to direct
the course of understanding, design, construction, deployment, operation,
maintenance and modification” [88].

Model-Driven UID (MD-UID) provides a more systematic approach to
UI construction, by relating the interface developed to the underlying ab-
stract models and it comes as a solution to improve efficiency by reusing
user interface models [10]. As a result, it enables the possibility to reduce
development efforts and to change the mindset from technology towards user
interaction. MD-UID also enables organizations to develop IS that provide
the necessary support for current user interaction challenges, by considering
the user profile, developing UI for multiple devices, etc.

Many efforts have focused on model-driven design of UIs, creating the UI
from user tasks [15, 19, 25, 91, 145] with a focus on automatic generation
of UIs. Paterno & Santoro [92] specify the relationships between task model
and abstract UIs, and between abstract UIs and its implementation. Vander-
donckt [131] defines a mapping model that contains the mappings between
the models and elements of models to generate UIs. There are Model-Driven
User Interface Development Environments that map concepts from different
models to guide in designing UIs, such as TEALLACH [35], TERESA [78],
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and UI Pilot [98]. However, the focus of the investigation in this domain
is on the current works that address model-driven and user-centered design
and development of enterprise systems using business processes models.

2.2.1 User-Centered Design and BP modeling

One of the few researches on the enhancement of the UI design practice with
business process modeling is the experience reported by the IBM T.J. Watson
Research Center [123]. In their work, they point out the importance of model-
based UI design automation in scenarios with intensive business process that
give rise to systems with lots of data entering and display, and role-specific
UIs. In this work, they specify the need to align UI design with business
process models. But, it does not mention whether or not UI designers receive
business process models as input for their work and the difficulties they face
when required to understand process models or to enhance them with human
aspects.

In a further work, they detail their work [124] by explaining their ap-
proach to leverage business process models as a starting point of the UI
design life cycle. They mention that business process models are not rep-
resentative enough to communicate with customers or users; therefore they
use low-fidelity mock-ups to share the understanding of the process. In their
approach, they argue that the information in business processes share some
characteristics with the task model. We do not intend to use business process
models as communication instruments with customers or users; we agree that
they are a good starting point for UI design and can be used to conceive the
task model.

The model-driven UI environment called Model-Driven Human Interac-
tion (MDHI) enables designers to connect UI design with business domain
model elements [124]. There are four views in the human interaction per-
spective: (i) “User role - Artifacts” - lists the artifacts needed by each user
role; (ii) “Artifacts - User role” - for each artifact, it lists the user roles that
can access it; (iii) “User role - Task” - lists the business tasks needed by
each user role; (iv) “User role - Design” - lists the UI design pages defined
for each user role. These different views aids to design UIs considering tasks
performed, artifacts used and the users involved.

In [125], they use data group concepts to link design elements to business
process models. A data group is a subset of data elements that appear
together on a UI. In [126], they present an analysis of their proposed Business
Model and UI Modeling Methodology, which resulted in faster iterations with
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more results within the same amount of time in comparison with a traditional
development method.

2.2.2 Diamodl

In one of the most recent works of Traetteberg [130] on model-based UI de-
sign, he takes an industrial perspective and advocates to adapt BP modeling
to include aspects of task modeling, arguing that it is not realistic to intro-
duce another modeling notation in contexts where UI design is not as valued
as system architecture. Therefore, the proposed method uses BPMN for both
BP and task modeling.

The approach relates BP models with task models since both of them
capture the behavior of people. The BP execution is related to the dialog
model since both describe software behavior. The BP execution deployed in
the server-side is related to the client-side UI runtime, as depicted in Figure
2.2.

Figure 2.2: Relationship between system and user interface domains (from
[130])

The relationship between system and UI domains in Figure 2.2 depicts
BPMN inside the system domain. According to a renowned definition by
Davenport [20], business process is a structured, measured set of activities
designed to produce value for customers. From this definition, we can defend
the fact that BP captures the behavior of people, but it is independent of
the system.

The proposed modeling method starts with BP modeling using BPMN
combined with domain modeling using class diagrams. Since this version of
the BP model is considered as system centric, the second step is to separate
users’ tasks from the system in a refactored process model using BPMN.
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This refactored process model is similar to a task model in the fact that it
includes a new swimlane for the user role to make explicit what the user
does and how it interacts with the other roles and processes. In addition, it
includes pre and post conditions to emphasize how domain data is operated,
which may result in a refined domain model. The third step is to create the
dialog model using the dialog modeling language Diamodl. The forth step is
to generate the graphical UI prototype from the dialog model. The last step
is the deployment of the system.

In the refactored business process, where users’ tasks are separated from
system tasks, there is only one user role. However, we argue that users play
different roles in processes. For instance, the customer can interact with the
system to send a request or receive a review through the system; and the
expert could also interact with the system to make an expert review or to
return a review, thus the both the customer and expert may play user roles
with different purposes.

2.2.3 Hybrid approaches

In the work of Stolze et al. [120], they call attention that only relying on
workflow models may be problematic to represent aspects of the user inter-
action because it is difficult to consider specific user requirements in such
models. In this work, the main goal is to support occasional developers to
solve business problems by developing workflow applications in an agile way.
For that, custom UI components can be reused to modify template pages and
describe business logic in a XML-based workflow task model. In addition,
custom UI components use information from the task model to specify which
operations certain roles are allowed to perform on them, such as browse,
read, edit, add, and delete.

Aligned with the idea that information from business processes are not
enough for UI design, the work of [94] advocates for a hybrid approach for
modeling combining task models and process models.

Similarly, [58] proposes a solution to use both workflow and task models to
design role-centered UIs. It associates tasks in BPMN model with the highest
level of task models. However, there is a limitation in this approach because
even though the company in their case study decomposed their business
process models in tasks; not all business process models have only one level
of decomposition. It is possible to have processes composed of at least three
different levels: sub-processes, activities, and tasks. When modeling task
models, they adopt a hierarchical sequence-oriented style, but fixed sequence
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is not as broad as the variety of possibilities provided by different operators
that enable a richer user interaction.

2.3 Summary

2.3.1 Shortcomings

From the detailed analysis of related works on IT-Business Alignment and
Model-Driven UI Development, we have identified a list of shortcomings that
must be addressed in this domain:

1. No vision for user interfaces: The impact of focusing on functional
aspects is that many changes on business processes that affect UIs are
not carefully treated, thus, leaving the decision of how changes impact
UIs to be done in an ad-hoc manner. This effect is even more negative
when we address large systems in which changes in business process
rules are common and may have impact on even hundreds of UIs, thus,
leading to the need to define strategies to maintain the traceability
between business process and UIs whenever changes are requested.

2. Vision for user interfaces, but not for user interaction: Some
recent works in this area propose aligning business processes with UIs
with direct links between activities in processes to elements on the
UIs. However, such strategies leave aside the consideration of the user
interaction, which is much richer than what is specified in business
processes. “Users interact in an environment that includes physical
artifacts and networks of diverse computers and whose physical, social,
organizational and cultural characteristics affect their actions” [11]. In
this context, when designing interaction, user interfaces are the means,
not the end.

3. Absence of generic structure: The decomposition of a business
process in layers may vary depending on the organization and that
is a crucial aspect, which makes one proposal applicable or not on
certain organizations. However, there are some proposals that have
been defined based on specific case studies, but some constraints in a
proposal may lead to a limited applicability.

4. Not enough concern with people: Works that focus much more
on how the artifacts are linked, handled and maintained than on the
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people who actually conceptualize and those who use the enterprise
systems, fail to consider that it is actually these people the ones that
are key to making the organization work.

5. Scarcity in tool support for traceability: Most works propose a
framework with principles to be applied, but it is not often that such
works present a tool to help professionals in making decisions when
changes are made to business processes or in other artifacts that are
related to it. Other works have tools to support the development life
cycle, but no support for traceability is offered. This fact brings less
efficiency when searching for information spread in different sources.

2.3.2 Requirements

The aimed result is to provide a framework that promotes the following
benefits for UI-Business alignment, which we consider as requirements to be
fulfilled in our research:

1. User-centered: Support user interaction by designing systems focused
on users and their tasks.

2. Adaptable: The ability to be adapted and applied in different orga-
nizations, independent of their adopted business process structure, UI
design or IT solution.

3. Human-centered: Provide a framework that considers the viewpoints
of the business process performers as active agents in the proposed
methodology.

4. Traceable: Support organizations in maintaining their systems aligned
with the models, where it is possible to identify the impact that changes
on a particular model have on other models and on the system as a
whole.

5. Software Support: Supply a software platform that integrates the
different models in one source in order to provide traceability.

Table 2.1 depicts the association of the requirements with the shortcom-
ings identified in existing works as explained in section 1.1 Research Motiva-
tion.
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Table 2.1: Relating shortcomings with requirements

Shortcomings Requirements

No vision for user interaction User-Centered
Vision for user interfaces, but not for user in-
teraction

Absence of generic structure Adaptable

Not enough concern with people Human-Centered

Scarcity in tool support for traceability Traceable
Software Support

The list of shortcomings and requirements cover three major aspects of
this research: conceptual, methodological and automation.

The User-Centered Requirement addresses: the conceptual aspect by
adding the task model in the meta-model of an alignment approach; the
methodological aspect through the analysis of tasks derived from business
processes; and the automation aspect by transforming business process mod-
els into task models and vice-versa.

The Adaptability requirement addresses: the conceptual aspect by creat-
ing meta-models that accept different structures of models; the methodolog-
ical aspect by letting stakeholders free to model using the techniques they
are most familiar with; and the automation aspect by providing rules that
manage the models and accepting that the business model can be imported
from different tools.

The Human-Centered requirement addresses: the conceptual aspect by
adding the end-user as an entity in the meta-model; the methodological as-
pect by opening a channel where end-users can give their opinion about the
UIs; and the automation aspect by enabling stakeholders to see who are the
end-users impacted from changes on the models.

The Traceability requirement addresses: the conceptual aspect by creat-
ing the connection between the main meta-models; the methodological aspect
by allowing stakeholders to create a network of links between the models; and
the automation aspect by presenting an impact analysis with a detailed re-
port of the proposed changes on impacted models.

The Software support requirement addresses the automation aspect by
providing a platform to support applying the methodology.
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2.3.3 Comparison of the approaches

As we have demonstrated with the previously mentioned research works,
many contributions support the alignment of business processes and IS. Re-
sults from investigations [23] have demonstrated that for IT to positively
affect the organization, ISs must be appropriately used (e.g. use of certain
functionality for its intended purpose). This corroborates with the idea that
user interaction has influences on the outcome that IT can bring to orga-
nizations. But little attention has been devoted to the user interaction of
developed systems.

In general, we believe that many approaches are either more technical
or more managerial and lack the concern with the user perspective. The
recent approaches that integrate business perspective with UI design are
more concerned with specific solutions and devices through the use of rapid
prototyping, for instance.

We have compared these approaches according to the requirements, de-
fined previously. Other requirements could have been considered, such as
adherence to the principles of agility. However, this and other prospective re-
quirements are currently out of the scope of this comparative analysis because
they currently considered as aimed goals for an extension of this solution as
future work.

Table 2.2: Global comparison of approaches for all requirements

GPS CEO ACOM CTM MDHI Diamodl

User-
centered

x x x

Adaptable x

Human-
centered

x x

Traceable x x x x x x

Software
Support

x x x x

Table 2.2 depicts how the investigated approaches were evaluated consid-
ering the requirements, which represents an overview of this analysis. More
specifically, we explain how these approaches adhere or not to these require-
ments.
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User-Centered

Table 2.3 depicts how each approach was evaluated according to the User-
Centered requirement, which is explained as follows.

Table 2.3: Comparison of approaches for the User-Centered requirement

Approach Characteristic
GPS not user-centered because the focus is on informa-

tion system architecture, considering information sys-
tem and technological services, IT infrastructure, appli-
cation platform and technological/software components.

CEO not user-centered because the framework has no concept
related to user interfaces nor tasks for user interaction.
Activities performed by people using a system are repre-
sented as automated services that are directly associated
with technological components.

ACOM not user-centered because it is focused on system imple-
mentations and how IT components (i.e. service com-
ponents) are linked to operational tasks and artifacts.

CTM user-centered because formal process flows are created
based on tasks users are performing tracked from per-
sonal to-do lists of different process participants.

MDHI user-centered because it adopts a dual model approach
that uses business process models and human interaction
modeling to produce systems with UI and business logic
connected.

Diamodl user-centered because it adopts the concepts of task
analysis (not specifically the task model as we usually
see in MD-UID).
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Adaptable

Table 2.4 depicts how each approach was evaluated according to the Adapt-
ability requirement, which is explained as follows.

Table 2.4: Comparison of approaches for the Adaptability requirement

Approach Characteristic

GPS not adaptable because its components are fixed to three
types, namely business goals, business processes and in-
formation systems, represented in its main diagram.

CEO adaptable with the possibility to redefine the rules that
associate enterprise concepts.

ACOM not adaptable to any organizational context because it
assumes the adoption of service-oriented architecture for
IT solutions.

CTM not adaptable to any organizational context because it
assumes the organization does not have their processes
formally modeled, neither enterprise systems that auto-
mate their processes and need to create enterprise sys-
tems from scratch from the use of a Microsoft Outlook
add-in to extract users’ to-do lists.

MDHI not adaptable to any organizational context because it
assumes the organization already adopts or intends to
adopt artifact-oriented business process modeling.

Diamodl not adaptable to any organizational context because it
assumes the adoption of service-oriented architecture for
IT solutions.
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Human-Centered

Table 2.5 depicts how each approach was evaluated according to the Human-
Centered requirement, which is explained as follows.

Table 2.5: Comparison of approaches for the Human-Centered requirement

Approach Characteristic

GPS not human-centered because this work has focused on
goals, processes and systems that represented one of the
first versions of the CEO framework, without the human
perspective.

CEO human-centered since it includes a human perspective
by relating actions of individuals and interactions of
collective subjects with organizational activities and re-
sources.

ACOM not human-centered because it adopts a model-driven
business transformation methodology with automatic
generation from business to technology.

CTM human-centered because business users are active par-
ticipants in business process modeling. However, they
participate as creators of process models, which do not
necessarily get the most useful information from them
using their existing know-how since it requires them to
learn certain techniques in order to be able to give any
suggestion.

MDHI not human-centered because the key people who par-
ticipate in this framework are business analysts, data
modeler, user experience designer and UI modeler.

Diamodl not human-centered because the proposed method is ori-
ented to UI and IT professionals.
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Traceable

Table 2.6 depicts how each approach was evaluated according to the Trace-
ability requirement, which is explained as follows.

Table 2.6: Comparison of approaches for the Traceability requirement

Approach Characteristic

GPS traceable because the framework describes, links and
traces organizational concepts at multiple levels of de-
tail using three separate areas of concerns: strategy and
goals, business processes and information systems that
are represented in the GPS diagram.

CEO traceable because it aligns the organization’s strategy
with its business processes, people and IT.

ACOM traceable because it uses a model-driven business trans-
formation (MDBT) approach that maps organizational
goals with IT implementations. But they only consider
that changes are driven by the business stakeholder and
performed first in the operational model.

CTM traceable because local tasks from personal to-do lists are
re-structured in task patterns that can be enacted, up-
dated and evolved and such evolution is traced through
task instance-based ancestor/descendant relationships.

MDHI traceable because it makes the link between BP and UI
through the business information model.

Diamodl traceable because it makes the link between BP and UI
through the dialog and domain model.
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Software Support

Table 2.7 depicts how each approach was evaluated according to the Software
Support requirement, which is explained as follows.

Table 2.7: Comparison of approaches for the Software Support requirement

Approach Characteristic

GPS not supported by tool because it does not provide any
support for traceability by using a UML modeling tool,
since the framework is presented as an extension to the
UML as a standard UML profile.

CEO not supported by tool because there is not an automated
support for traceability between processes and systems;
even though there is automated support for context-
related operations (e.g. context-based analysis, con-
text visualization) and support to relate strategies with
tasks, and showing resource flows among individuals.

ACOM supported by tool since they have developed a MDBT
toolkit to support modeling and semi-automatic model
transformations of operational models into running ap-
plications.

CTM supported by tool since it is implemented and validated
through a process-enhanced groupware system - the Col-
laborative Task Manager (CTM).

MDHI supported by tool with a model-driven UI environment
called Model-Driven Human Interaction (MDHI) that
enables connecting UI design with business processes.

Diamodl supported by tool through a set of connected tools, in-
cluding tools for BP modeling, dialog modeling, domain
modeling and BP execution.
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2.4 Conclusion

This chapter analyzed a set of works on IT-Business Alignment and on Model-
Driven UI Development that are concerned with business process modeling
and UIs of enterprise systems. This analysis enabled identifying the major
shortcomings of the existing approaches, which are useful source of informa-
tion to specify the requirements of the framework we propose.

In our proposal, we envision a more flexible approach with the use of con-
ceptual models to facilitate communication and knowledge sharing between
departments and interoperability of solutions whenever change requests ar-
rive. Using the framework, it is possible to align business process models
with task models and explain how the task model is useful to identify how
changes on business processes affect the user interaction and vice-versa. In
more details, we demonstrate how our proposal is suitable for the context
of large organizations, which aims at aligning their business processes with
IT, but is also concerned with the user experience, as presented in the next
chapter.
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Chapter 3

UI-Business Alignment
Framework

“Design of the total user experience affects sales, service cost, productivity,
customer loyalty - most aspects of doing business.”, Karel Vredenburg, User

Experience Design Program Director, IBM Design.

This chapter presents the conceptual and methodological framework for
UI-Business alignment with the definition of the concepts used to present
the solution and the full description of the methodology. The framework
is presented with characteristics that fulfill the requirements presented in
Chapter 2 and is supported by a platform, subject of the next chapter.

3.1 Introduction

The UI-Business alignment framework is composed of a methodology and a
platform. The methodology is composed of core actions and the platform
supports the methodology and it can be extended with new functionality by
adding plug-ins to supply additional functionality to align BP with UIs, as
depicted in Figure 3.1.

The UI-Business Alignment framework addresses the following require-
ments:

User-Centered: The task model is recognized as the best model to pre-
cisely represent how users interact with systems and that piece of information
is primordial to be linked with UI components and monitor users’ interac-
tion aiming at optimizing the processes that they execute and consequently
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Figure 3.1: UI-Business Alignment Framework

the user experience. Without the task model, linking processes directly with
UIs is not optimal because processes with high-level description do not ex-
press how activities are performed; and processes with detailed description
still do not express tasks that users perform when interacting with enterprise
systems. The detailed specification of interactive tasks represents a strong
source for analytical data concerning process optimization.

Adaptable: This framework is adaptable to changes in the organiza-
tional context, it accepts that the way processes are modeled and structured
in different layers may change and that the philosophy of user interaction
may be evolved, thus leading to the need to update how these models are
managed. For this purpose, we have selected an expert system approach
based on production rules, where these rules specify how these models are
managed to provide more flexibility. When there are changes in the struc-
ture of the models that impact the form of managing them, the rules can be
directly updated, without the need for maintenance of the traceability tool.

Human-Centered: One of the core aspects of our framework is consid-
ering users as active agents who open a new channel for business improve-
ment by informing any sort of issues they face with systems. The identified
issues may lead to changes on the processes, on the UIs or on both. This
is in accordance with the theory of structuration [31], which considers the
organizational structure, but positions structure within human practice, rec-
ognizing that the agents have and apply their knowledge when acting, which
may then change the organizational structure.

Traceable: The traceability from the business process until the UI aids
in identifying the impact of process changes on the user interaction and in the
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proposal of changes in the processes when the user interaction is improved.
The main elements of the models serve as foundation for the definition of
rules that make it possible to trace the models in forward, middle-out and
backward approaches.

Software Support: A software platform for the methodology aims to
enhance insight for decision makers by: (i) giving complementary control over
corporate operations, in addition to what is already offered by the market,
(ii) widening their viewpoint beyond common IT-business perspectives, (iii)
simulating impact of changes and (iv) enabling innovations that can influence
both process improvement and user experience. This emerging software is
envisioned to be harmonized with existing tools adopted in organizations,
such as those used for business process modeling, orchestration of services,
UI design, system development, etc.

The UI-Business Alignment framework is presented with two perspectives:
conceptual (which presents the models used and how the models are mapped)
and methodological (which specifies how to apply the methodology in an
organizational scenario), specified in the following sections.

3.2 Conceptual Structure of the Framework

Adopting a model-driven perspective, the main concepts used in the frame-
work are models, founded on an established framework and language from
the domain of MD-UID, explained through a theoretical foundation and meta
models.

3.2.1 Theoretical Foundation

The framework follows a model-driven approach to align BP models with
UI models. At the center of the theoretical foundation is the Cameleon
Reference Framework [15] that supports model mapping, UsiXML [64] that
supports the formal definition of UIs and Business Process Modeling Notation
(BPMN) [87] that provides the standard for business process modeling.

The Cameleon Reference Framework [15] structures a set of models in
different levels of abstraction that provide a support for the current user
interaction challenges, considering different contexts of use (comprising user,
environment and platform). The Cameleon Framework is composed of four
levels of abstractions (see Figure 3.2): tasks and conceptual models (e.g. task
model, domain model, context of use model), Abstract UI (AUI), Concrete

37



3.2. CONCEPTUAL STRUCTURE OF THE FRAMEWORK

Figure 3.2: Cameleon Reference Framework (from [15])

UI (CUI), and Final UI (FUI). These levels of abstraction are aligned with the
model-driven approach, which aims to reduce both the amount of developer
effort and the complexity of the models used [36].

The models in the Cameleon Framework have specific characteristics to
contribute to MD-UID: Task models describe the various users’ tasks to be
carried out while interacting with the interactive system under development.
Domain models specify the concepts required by users’ tasks. Context of use
models specify characteristics of users, of platforms that will be used, and
of physical environments where users will be located when interacting with
the system. AUI models represent user interface components independent of
any modality (e.g. graphical, vocal). CUI models provide a specification of
user interface components independent of any programming language. FUI
is the operational UI of the developed system.

Some of the existing model-driven approaches for UI design use a User
Interface Description Language (UIDL) to specify models and exchange these
specifications between IT professionals; which can be exemplified by UsiXML
[64], UIML [3], XIML [97], among other UIDLs, which are compared with a
significant selection of XML-compliant user interface description languages
in [109].

Based on the Cameleon Reference Framework, UsiXML [64] is a XML-
compliant markup language to describe UIs for multiple contexts of use,
such as graphical, auditory and vocal user interfaces, virtual reality, and
multimodal user interfaces. It follows a multi-path model-driven approach,
composed of steps for multi-context interactive applications in a simplified
manner. UsiXML main models are task model, domain model, context of
use model, AUI model, and CUI model.
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The Cameleon Framework and the UsiXML language provide a set of
models that are mapped with each other and that support transformation of
one model into another, which supports model traceability. Transformations
can be done mainly in three different directions: (i) reification, from a high-
level model into a lower-level model (to develop the system); (ii) abstraction,
from a low-level model into a higher-level model (to create conceptual models
of existing systems); and (iii) translation, adapting a model to the constraints
imposed by a new context of use (to adapt the same model for different
platforms; e.g. from CUI for desktop into CUI for web).

Choice of UI standard: The UI-Business Alignment Framework is
founded on the Cameleon Reference Framework and, more precisely on UsiXML
for the definition of the task and UI meta-models because it:

• provides the necessary support to represent models in a formal and
structured manner;

• supports the flexibility necessary for model-driven UI development;

• represents a reliable standard that is subject to the W3C standardiza-
tion process;

• is compliant with Model-Driven Architecture (MDA), which prescribes
certain kinds of models to be used, how those models may be prepared
and the relationships of the different kinds of models [88];

• is in accordance with UIDL requirements: processability, expressive-
ness, standardization, human readability, and concision; reasons that
are exploited in [131];

• covers a wide range of UI interaction modalities (e.g. vocal, 3D, multi-
modal), which creates more possibilities of integration of this framework
with different types of systems;

• follows a transformational approach that allows flexibility in the defi-
nition of traceability links;

• has been in constant evolution, being the subject of exploitation by
several companies and universities under the umbrella of a long-term
European project.

These standards are used to define how a set of these models are mapped
with each other. The main difference in this research is the addition of an
external model, in which there is an interest on business process modeling.
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Choice of BP standard: Business Process Modeling is based on BPMN,
which is a standard that provides diagrams to be used by all business users,
from business analysts who design business processes, to technical develop-
ers who implement the technology that performs these processes and to the
business people who manage these processes [87]. BPMN has been selected
as a BP notation for this framework because it:

• is a worldwide OMG recognized standard;

• is readily understandable by all business users with its standard visu-
alization mechanisms, following the tradition of flowcharting notations
for readability;

• handles advanced business process concepts (e.g. choreographies, com-
pensation);

• consolidates the best ideas from divergent notations (i.e. UML activity
diagram, IDEF, etc.);

• covers a wide range of usage by being mappable with XML languages
for the execution of business processes (e.g. BPEL4WS); among other
benefits that make it the next generation notation that combines read-
ability, flexibility, and expandability;

• is implemented in several proprietary or open source tools.

Options of BP standards: There are other business process notations
that could be used with the UI-Business Alignment Framework. The main
requirement to apply a business process notation in this framework is that it is
able to decompose activities in smaller parts, such as a sub-process in BPMN
that can be decomposed in as many levels as needed to specify a complex
activity. This framework accepts different approaches to BP modeling, such
as the ones described as follows.

In the case of BP notations that are dependent of the technology used to
build enterprise systems, such as ebXML [84] that is a business process model
specification schema for e-business software, it represents a notation that is
specific and not complete enough to be applied in a technology-independent
context. However, it is still applicable with our framework because of its
decomposable activities. It is composed of binary business collaborations
with activities that execute other collaborations, which is the key to recursive
compositions and re-use of collaborations.
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BPMN adopts an activity-centric process modeling, which consists of
business activities and connectors that describe the sequence of these ac-
tivities [59]; while ArtiFactTM-based Business Operations Model [83] is a
type of information-centric BP modeling, which has its process scope as a
set of connected business entities, that are information entities associated to
a data model and behavior model [59].

Aiming towards a flexible way for actual work-task support, a new ap-
proach was introduced, which is termed subject-oriented business process
management [29], as it focuses on the communication among process par-
ticipants while they accomplish their work-task; but it does not represent
composable activities.

To help stakeholders intuitively understand, create and change business
processes, a language-oriented BP modeling [81] defines simple constructs
that can be embedded in others, e.g. activity composed of steps.

Petri Nets is a modeling language used to describe the world of informa-
tion processing. It is composed of local states, local actions and their mutual
relationships [99]. An extension of Petri nets is Object Petri Nets [61] that
supports multiple levels of actions in the net, where a Petri Net can contain
Petri nets as its tokens inducing a hierarchy of nested Petri Nets.

The XML Process Definition Language (XPDL) is a common format to
interchange BP definitions between different tools to analyze, model, describe
and document BP [144]. It is able to represent all aspects of a BPMN diagram
and it contains the concept of activity that can be represented as atomic
tasks and as a sub-process, which contains its own definition of activities,
thus reinforcing the hierarchical nature of BP.

There are also standards that are related to business process, such as Web
Service Business Process Execution Language (WS-BPEL) [85], but they are
considered out of the scope because we focus on standards that specify BP,
not on standards that execute BP.

3.2.2 Meta Models

The main models used in the UI-Business Alignment Framework are: Busi-
ness Process Model, Task Model, User Interface Model and other core entities
related with this domain, as depicted in Figure 3.3.

Figure 3.3 depicts an overview of the connection between the four pack-
ages: Core, Process, Task and UI. The meta model of the UI-Business Align-
ment Framework is founded on the state-of-the-art on business process mod-
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eling and model-driven user interfaces, using BPMN, Cameleon Reference
Framework and UsiXML. Each one of these standards is complete to achieve
their aim to formally specify a domain. However, the specification of this
meta model is delimited to contain only the elements that are primordial
to be linked with the other model elements with the primary goal of UI-
Business Alignment. The connection between these packages is explained in
the following sub-sections, as each concept is described.

Figure 3.3: Overview of the Meta Model of the Framework
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Business Process

BPMN [87] is useful to represent the sequence of work and the decomposition
of the organizational complexity, as well as most business process notations.
According to BPMN [87], a business process is defined as a set of activities
that are performed within an organization or across organizations. The ele-
ments that define the behavior of a business process are called Flow Objects,
which can be of three types: activities, events and gateways.

An activity is characterized as any work performed within a business
process. The types of activities that can be part of a business process are:
process, sub-process and task. A process has a hierarchical nature because
it can be defined at a high level for the entire organization until lower levels
of details for specific professionals within this organization. A process is
depicted as a set of activities organized in a flow and it can be sub-divided in
sub-processes and tasks. A sub-process is a compound activity in the sense
that it is defined as a flow of activities, it can be as simple as a set of activities
or as complex as a call for another process further decomposed. A task is an
atomic activity, generally performed by and end-user and/or an application.
A business process task is called a BP task hereafter in order to avoid any
confusion with tasks from task models, which are called UI tasks.

An event is a behavior that happens in the business process that affects
the flow of the process and it usually has a cause or an impact. The types
of events are: start, intermediate and end. A start event indicates where a
particular process starts and the mechanism that triggers the instantiation
of that process. An intermediate event indicates where an event happens
somewhere between the start and end of a process and the mechanisms to
respond to or to set off an event trigger. An end event indicates where a
process ends and the consequences of reaching it.

A gateway controls the flow of a process as they converge or diverge that
either allows or disallows passage through the gateway.

These Flow Objects can be connected to each other and to other informa-
tion through three types of Connecting Objects : sequence flow, message flow
and association. A Sequence Flow shows order of activities performed in a
process. A Message Flow shows the flow of messages between two elements
in a process that are prepared for that. An Association links artifacts with
flow objects.

These primary elements can be grouped in swimlanes, which help parti-
tion and organize activities and other elements and they indicate the partic-
ipant of a process who performs such group of activities.
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Figure 3.4: Meta Model of the business process

Figure 3.4 depicts the primary business process elements that are linked
with the other model elements. The names of the business process elements
follow the BPMN specification because it represents one of the most well-
known and accepted standards for business processes. Even though the nam-
ing standard from BPMN is used, this model is applicable to other standards.
A recent comparison of business process meta models [73] has gathered a set
of high-level concepts that are included in various specification and standard-
ization efforts. These concepts are directly compatible with BPMN elements.
These concepts include: Task (BPMN Activity); Control Flow (BPMN Con-
necting Object, Gateway); Events (BPMN Event); Roles (BPMN Swimlane);
and other concepts related to the interchange of information during the ex-
ecution of the process, which is out of the scope of this meta model.

In addition to business process modeling, different types of conceptual
models have been valued on the exchange of knowledge and clear commu-
nication between different departments, which has been proved to be an
important factor to the success of both short-term and long-term alignment
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[142]. In the cycle of improving processes and updating applications accord-
ingly, a business process model is an important artifact, but not the only
one to be considered in the definition of the application’s user interaction.
Business processes are often not representative of the necessary flexibility for
user interaction, however its structure is important to decide how to make
the relationship between business processes and UI explicit.

Considering the importance of user interaction to make IT add value for
organizations, we propose aligning business processes with enterprise systems
through a UI conceptual model: the task model.

Task Model

Task Model is used to “describe how activities can be performed to reach
users’ goals when interacting with the application considered” [90]. With
this perspective towards users who interact with UIs, we call these tasks, UI
Tasks, differentiating them from BP tasks. Task models are designed in a
task hierarchical structure that contains different levels of abstraction, which
starts with tasks in the highest level that are further decomposed in sub-tasks
in the intermediary levels until the lowest level. In this structure, a new level
is created whenever there is the need for a better description of what to do.
UI Tasks have basic properties, such as name, description, optionality and
iterative mode. With the support of the cooperative part of the task model
that indicates the relationships among tasks performed by different users,
the property user is fundamental, thus adding a representation for user roles
in cooperative works [77].

The types of UI Tasks in the task model are: (i) abstract, grouping of
related tasks; (ii) user, task performed manually by a human being; (iii)
interactive, task performed by the user interacting with the system; and (iv)
system, task executed by the system itself.

For the purpose of mapping business process activities that are to be per-
formed by users when interacting with enterprise systems, we have delimited
the scope to consider only interactive tasks in the traceability chain. Because
we deal only with UIs, we do not need manual (user) tasks and automatic
(system) tasks. Manual and automatic tasks do not require user interaction,
and we have restricted our needs to interactive tasks only. Consequently, we
simplify the task model with only one kind of task, which also contributes to
increase the task model acceptance by providing simplicity.

Task relationships are one of the main characteristics in task models that
have an impact on UI design. The task relationships follow the LOTOS tem-
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poral operators. LOTOS [45] is an international standard notation used in
various industrial and research centers to specify applications which have, as
an important feature, temporal ordering among possible actions. As follows,
we present a new graphical representation for the LOTOS temporal opera-
tors as our contribution for the task model followed by the definitions for
each relationship type [65].

The element FlowObjectUITask directly associates UI Tasks with the BP
element FlowObject, which represents activities, events and gateways. This
new element is created to enable any kind of BP Flow Object to be associated
to UI Tasks in a many-to-many relationship. For instance, a BP activity can
be associated to several UI Tasks, when users perform several minor tasks
using the system to complete a BP activity; and a UI Task can be associated
to several BP activities, when people perform activities from different parts
of the process by doing the same UI Task using the system.

To address user-centered design, task models foster a strong representa-
tion for UI design because they contain decomposition in a hierarchical struc-
ture, which provides an overview of the user interaction useful for decision-
making on UI design (e.g. which UI tasks should be grouped in the same
screen); and a variety of temporal ordering of UI tasks, which delivers the
flexibility and representational power that users need while interacting with
ISs. Therefore, these UI tasks are essential requirements to conceive UIs.

Figure 3.5 depicts the primary task model elements that are primordial
to be linked with the other model elements. This task model is based on
UsiXML, the main difference in the task model for the UI-Business alignment
framework is the addition of FlowObjectUITask to associate the task model
with the business process model.
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Table 3.1: New Graphical representation for Task Relationships

Relationship Lotos symbol New symbol Description

Enabling T1 >> T2 T1 has to be finished in or-
der to initiate T2.

Enabling with
information
passing

T1 []> T2 T1 has to be finished in or-
der to initiate T2 and T2
is synchronized with T1 on
some piece of data.

Suspend / re-
sume

T1 |> T2 T2 may interrupt T1 before
the termination of T1. Once
T2 is finished, T1 may be re-
sumed.

Deterministic
choice

T1 [] T2 Once one task is initiated
the other cannot be accom-
plished anymore.

Disabling T1 [> T2 T2 may interrupt T1 before
the termination of T1, but
T1 cannot be resumed after
T2 has terminated.

Order Inde-
pendence

T1 |=| T2 T1 and T2 can be performed
in any order.

Concurrency T1 ||| T2 T1 is interleaved with T2.

Concurrency
with informa-
tion passing

T1 |[]| T2 T1 is interleaved with T2
while they synchronize on
some data.
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Figure 3.5: Meta Model of the task model

Figure 3.6 depicts the UsiXML task model and how the concepts of the
task model used here are based on UsiXML. The elements that are circled
in the UsiXML task model are considered in our model.

Figure 3.6: Compatibility with UsiXML task model
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User Interface Model

UI is a means by which users interact with the system. One of the main
challenges of models aiming to formalize user interaction is to follow the
fast technological evolution of devices and new kinds of interactions. This
problematic has been our major motivation to investigate which model is
the most appropriate to cover so many possibilities. In a survey comparing
existing UI modeling languages [109], the abstract UI model seems to be
the one that covers the broadest possible range of targets for the broadest
possible range of delivery contexts. Therefore, we came up with an extension
of the abstract UI model based on UsiXML. The difference is that the terms
are not used literally because this UI model needs simplicity on the names
and quantities of UI components that should be easily understandable in
order to be used by end-users when delineating the UI model. This different
representation of the UI model does not substitute the language, which is
used to guarantee interoperability.

The UI model structure is comprised of UI components, which are com-
ponents used for user interaction that start in an atomic level and are further
composed in broader levels.

The following UI components are explained in natural language and with
informal predicate logic [37], also called first-order predicate calculus or sim-
ply first-order logic [103], which is expressive enough to represent common-
sense knowledge, useful to solidify our contribution for UI models. Within
first order logic, two definitions are presented since they are used throughout
the UI components’ formal definitions: universal instantiation and binary
relation.

The rule of Universal Instantiation [103] is an inference of a sentence
obtained by substitution of a ground term (a term without variables, such as
a screen element) for the variable (e.g. the type of a screen element). This
reference rule is written using the notion of substitution, where SUBST (Θ, α)
denotes the substitution of Θ to the sentence α.

A binary relation is a subset of a Cartesian product, which is represented
by ordered pairs whose first component is a member of a specific set (e.g. a
set of screen elements) and whose second component is a member of another
set (e.g. a set of screen fragments).

Screen Element (Definition 3.1) is:

• any UI widget that serves as input and/or output for a UI task, it is
the most atomic component;
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• an instance of a type belonging to the set of types of screen elements
(e.g. button, combo box, list box, label, radio button);

• instantiated through the rule of Universal Instantiation [103] by sub-
stitution of a screen element for a type of screen element.

For a screen element e:

e ∈ E = {e1, ..., en} ∧
T E = {textbox, checkbox, label, ...} :

∀e α
SUBST ({e/T E}, α)

(3.1)

Screen Fragment (Definition 3.2) is:

• a portion of the user interface that is semantically related;

• an instance of a type belonging to the set of types of screen fragments
(e.g. tab, menu);

• instantiated through the rule of Universal Instantiation by substitution
of a screen fragment for a type of screen fragment;

• a container of a set of UI components, which are either in the set of
screen elements, or in the set of screen fragments, or in both;

• where screen elements are a proper subset of screen fragments - i.e. E
is a subset of, but not equal to, F;

• there is a binary relation between the set of screen elements and screen
fragments.

For a screen fragment f :

f ∈ F = {f1, ..., fn} ∧
T F = {panel,menu, tab, ...} ∧

∀f α
SUBST ({f/T F}, α)

∧

f = container(x1, ..., xn) :

∀x x ∈ (E ∪ F) ∧
E ⊆ F ∧

∃ relationship R ⊆ E × F

(3.2)
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Screen (Definition 3.3) is:

• a state of the user interface when executing a UI task or part of a UI
task;

• an instance of a type belonging to the set of types of screens (e.g. page,
dialog box);

• instantiated through the rule of Universal Instantiation by substitution
of a screen for a type of screen;

• a container of a set of UI components, which are either in the set of
screen elements, or in the set of screen fragments, or in both;

• where screen fragments are a proper subset of screens;

• there is a binary relation between the set of screen fragments and
screens.

For a screen s:

s ∈ S = {s1, ..., sn} ∧
T S = {page, pop− up, ...} ∧

∀s α
SUBST ({s/T S}, α)

∧

s = container(x1, ..., xn) :

∀x x ∈ (E ∪ F) ∧
F ⊆ S ∧

∃ relationship R ⊆ F × S

(3.3)

Screen Group (Definition 3.4) is:

• a group of closely related screens;

• an instance of a type belonging to the set of types of screens groups
(e.g. group);

• instantiated through the rule of Universal Instantiation by substitution
of a screen group for a type of screen group;
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• a container of a set of UI components, which are either in the set of
screens, or in the set of screen groups, or in both;

• where screens are a proper subset of screen groups;

• there is a binary relation between the set of screens and screen groups.

For a screen group g:

g ∈ G = {g1, ..., gn} ∧
T G = {group} ∧
∀g α

SUBST ({g/T G}, α)
∧

g = container(y1, ..., yn) :

∀y y ∈ (S ∪ G) ∧
S ⊆ G ∧

∃ relationshipR ⊆ S × G

(3.4)

The broadest components are composable in nature, unlike the most
atomic component. Table 3.2 depicts the composition and constraints of the
UI components. Screen Elements are mandatory atomic components. Screen
Fragments are optional components, they may contain screen fragments and
it must contain at least one screen element. Screens are mandatory compo-
nents, they may contain screen fragments and it must contain at least one
screen element. Screen Groups are optional components, they may contain
other screen groups and it must contain at least one screen.

Table 3.2: Decomposition of UI Components

UI Component Symbol Composed of Constraint

Screen Element - Mandatory

Screen Fragment Screen Fragment Optional
Screen Element At least one Screen

Element

Screen Screen Fragment Mandatory
Screen Element At least one Screen

Element

Screen Group Screen Group Optional
Screen At least one Screen
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The element UIComponentUITask directly associates UI Components
with UI Tasks. This new element is created to enable any kind of UI Task
to be associated to UI Components in a many-to-many relationship. In this
kind of relationship, a UI Task can be associated to several UI components
(i.e. when a UI task is completed after users fill-out several screen elements);
and a UI Component can be associated to several UI Tasks (i.e. when a spe-
cific screen fragment requires users to perform several minor UI tasks using
the system).

Screens, Screen Fragments and Screen Elements have their specific UI
Component Types. Screens can be presented as pop-ups, dialog boxes, pages,
among others. Screen Fragments can be represented as panels, menus, tabs,
etc. Screen Elements can be depicted as fields, labels, buttons, links, etc.
The organization of the UI model in these UI components makes it com-
prehensive enough to consider most types of UI, even those with elements
poorly specified or even ignored by UI representations in general, such as
video, music player, 3D rendering, etc. For any new type of UI element, it is
enough just to identify it as a new type in the existing set.

The organization of UIs in these components are closely aligned with the
UI elements used for essential UI prototyping by Ambler [5], which focuses on
users and their usage of the system. An essential UI prototype has major UI
elements (a large-grained item, potentially a screen) and minor UI elements
(a small-grained item, such as input fields, labels, etc.). Going further in
details with our UI components, screen groups, screens and screen fragments
fall under the category of major UI elements; and screen element under the
category of minor UI elements.

The element UserInteraction directly associates UI Components with
End-Users, for instance, an end-user can be associated to a screen group
and this link is replicated to its sub-components. This new element is cre-
ated to identify who are the end-users impacted when a change is done in
certain UIs.

Figure 3.7 depicts the primary user interface model elements that are
primordial to be linked with the other model elements.
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Figure 3.7: Meta Model of the user interface model

Figure 3.8 depicts the UsiXML abstract user interface model and how
the concepts of the UI model used here are based on UsiXML, with the
addition of UserInteraction to associate the UI model with the end-user and
the UIComponentUITask to associate the UI model with the task model.

Figure 3.8: Compatibility with UsiXML abstract user interface model

54



3.2. CONCEPTUAL STRUCTURE OF THE FRAMEWORK

Core Model

When dealing with UIs, one must consider other important concepts: Orga-
nization, System and End-User. Organization is a company that performs
business processes using enterprise systems. System is an application com-
posed of a set of UI components. End-User is a Person within an orga-
nization that can use systems (i.e. End-user) and/or design and manage
processes (i.e. Business Analyst).

Figure 3.9 depicts the core elements that are primordial to be linked with
the other model elements.

Large organizations normally have extensive enterprise systems (e.g. a
bank may have a system for each product: billing, loans, payments, invest-
ments, insurance) that are used either by professionals within the organiza-
tions or directly by customers. In such a context, when the process changes,
probably, the system should change accordingly. But, to determine what ex-
actly needs to be changed is subject to a precise traceability control, which
becomes more complex proportionally to the size and changing frequency of
processes and of its systems. Therefore, we have specified how these models
are mapped, explained in the following sub-section.

Figure 3.9: Meta Model of the core of the framework
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3.2.3 Model Mapping

The association of business process, task model and UIs, depicted in Fig-
ure 3.10, is aimed to support organizations in maintaining their enterprise
systems aligned with constantly evolving business processes taking a user-
centered perspective. On the left of the figure, there is the business process
model decomposed in layers, according to BPMN. These levels of the busi-
ness process are associated with the hierarchical levels of a task model, on
the middle of the figure. On the right of the figure, the different levels of the
task model are associated with different UI components.

Figure 3.10: Association of business processes with user interfaces

Some organizations do not detail their business processes to a fine-grained
level, instead, they maintain business process models in a high level descrip-
tion and detail them when necessary for system development using software
engineering artifacts (e.g. use cases), as proposed in [52]. Others do de-
tail their business process until a detailed description of activities, until the
smallest action.

Since we can come across organizations that follow these divergent model-
ing techniques, it is aimed that our approach addresses both realities. There-
fore, our solution is also applicable in models with operational (detailed) and
process (high-level) perspectives. In both cases, task models are created
from business processes; the main difference is that the refinement is more
fine-tuned when the BP is in a process perspective.

Task models are used as an efficient conduit between business processes
and UIs not only because of its representativeness for UI design, but also
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because of its user-perspective. Unlike other UI design models, such as the
dialog model [71] or the interaction model [9] that captures the dynamic
behavior of UIs, task models are further from the implementation of UI
components and closer to how users interact with those components.

Some existing solutions link business processes directly with systems or
UIs; but business processes are often an abstract representation of the busi-
ness tasks. Business process concepts do not consider automation in itself.
The one responsible for applying the process decides what should be auto-
mated. Therefore, business processes ignore how the activity is accomplished,
focusing only on what should be accomplished. They are different from task
models, which are concrete set of tasks that help UI designers visualize what
could happen during user interaction. There are certain characteristics of
the task model that makes it a strong representation in terms of information
needed for alignment with UIs of enterprise systems:

• Task models encompass tasks that are intrinsic to user interaction, such
as cancel, save temporarily, undo, etc.

• In most cases, task models are detailed enough to describe individual
behavior, which has strong influence from the context of use.

• Task models have a hierarchical structure that has the same purpose of
the business process structure: from high level to detailed description
of the work to be done.

• Task models help identify issues in the user interaction that have a
direct impact on process performance.

As a result, the symmetry of both structures represents a clear bridge
between business processes and UIs. Business process models and task mod-
els represent two different schools of thought; one is business-oriented, while
the other is user-oriented. It is important to recognize that we need to unite
both worlds to map business processes with UIs of enterprise systems.

In other researches, task models have been used to support requirement
analysis, design of ISs and usability evaluation [77], to automatically generate
UIs [131], and even to model user roles with different responsibilities and
rights in large applications [93], but it had not yet been used as a source for
traceability, as we have proposed in [111]. Therefore, we emphasize that the
framework proposed here does not aim to automatically generate UIs because
we argue that the work of UI designers is relevant to achieve user satisfaction.
UI designers with the human interpretation over user experience, user needs,
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and design ideas can create UIs that are suitable to the constraints imposed
by specific projects. The framework is focused on aligning business processes
with user interfaces, therefore it is not in the scope of this work to detail,
compare, or assess the different techniques for UI generation, but we consider
the existing contributions as a support for model mapping.

Mapping Characteristics: The three core models of this framework
have been mapped, thus creating a traceability chain that is useful, among
other things, for performing impact analysis and providing specifications for
transformations between these models. These mappings have the following
characteristics [74]:

• They allow expressing one-to-one, one-to-many, many-to-one and many-
to-many mappings between source and target models;

• They include endogenous mappings, which are between source and tar-
get models of the same domain (e.g. between models for UI design)
and exogenous mappings, which are between source and target mod-
els of different domains (e.g. between models for UI design and BP
modeling);

• They specify horizontal mappings, which are done between models in
the same level of specification (e.g. between BP and task models that
are independent of the computation viewpoint) and vertical mappings,
which are done between models in different levels of specification (e.g.
between task models, with a computation-independent viewpoint, and
UI models, with a platform specific viewpoint).

• They specify syntactic mappings, which considers the structure in which
the model elements are constructed (e.g. mapping between UI task and
UI models); and semantic mappings, which considers the meanings of
the model elements (e.g. mapping between BP and task models).

Following, we present how BP, task model and UI components can be
mapped.

Mapping BP Model and Task Model

After a detailed analysis of the specification on BPMN, it was detected that
business process elements can be transformed into elements in a task model
[114]. The mapping between the business processes with task models is
organized in four basic categories of elements with their specific subdivisions,
as proposed in BPMN:
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1. Flow Objects, sub-divided in: Events, Activities, Gateways.

2. Connecting Objects, sub-divided in: Sequence Flow, Message Flow,
Association.

3. Swimlanes, sub-divided in: Pool and Lane.

4. Artifacts, sub-divided in: Data Group, Group, Annotation.

Following the order of this classification, we will describe in more details
how each element of the business process is related with the task model.

Flow Objects:

Events

Table 3.3 specifies the association of the mappings between Events in
business processes and elements in task models, with the rationale behind
the decisions explained as follows.

Table 3.3: Association of BPMN events and UI task elements

No. Business Process Task Model

1 None Start Event - -

2 Message Start Event UI Task (+ Enabling w/ info
passing)

3 Timer Start Event UI Task (+ Enabling w/ info
passing )

4 Conditional Start Event UI Task (+ Enabling w/ info
passing)

5 Signal Start Event UI Task (+ Enabling w/ info
passing)

6 Multiple Start Event UI Task (+ Enabling w/ info
passing)

7 None End Event - -

8 Message End Event (Enabling +) UI Task

9 Error End Event Disabling + UI Task

Continued on next page
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No. Business Process Task Model

10 Cancel End Event Disabling + UI Task

11 Compensation End Event Enabling w/ info passing + UI
Task

12 Signal End Event Enabling + UI Task

13 Terminate End Event - -

14 Terminate End Event Stop operator

15 Multiple End Event Check event detail attribute

16 None Intermediate Event UI Task

17 Message catch Intermediate Event Enabling + UI Task

18 Message throw Intermediate
Event

UI Task + Enabling w/ info
passing

19 Timer Intermediate Event Enabling + UI Task

20 Error Intermediate Event Enabling w/ info passing + Sub-
tasks + Suspend/resume

21 Cancel Intermediate Event Enabling w/ info passing + Sub-
tasks + Disabling

22 Compensation catch Interm.
Event

Enabling w/ info passing + Sub-
tasks + Disabling

23 Compensation throw Interm.
Event

Enabling w/ info passing + UI
Task

24 Conditional Intermediate Event Enabling w/ info passing + Sub-
tasks + Deterministic choice

25 Conditional Intermediate Event Suspend/resume + UI Task

26 Link Intermediate Event - -

27 Signal catch Interm. Event Enabling w/ info passing + Sub-
tasks + Disabling

28 Signal catch Interm. Event Disabling + UI Task

29 Signal throw Interm. Event UI Task + Enabling w/ info
passing

30 Multiple Intermediate Event Check event detail attribute
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Start Events

Start Events have six types in BPMN: None, Message, Timer, Condi-
tional, Signal, and Multiple.

(1) None start event just starts the flow, so it does not need to be substi-
tuted by any element in the task model, which starts directly with the first
UI Task.

(2) Message start event can be represented by a UI Task to receive a
message (e.g. manager acceptance arrived) followed by the task relationship
“enabling with information passing” to pass the message.

(3) Timer start event can be represented by a UI Task to verify the
time-date or specific cycle (e.g. every Monday at 9am) followed by the task
relationship “enabling with information passing” to pass the time.

(4) Conditional start event can be represented by a UI Task that verifies
a certain condition (e.g. loan acceptance rate is lower than 35%) followed by
the task relationship “enabling with information passing” to pass the result
of the condition.

(5) Signal start event can be represented by a UI Task that verifies if a
signal arrived (e.g. detection of fraudulent information) followed by the task
relationship “enabling with information passing” to pass the detection of the
signal.

(6) Multiple start event means that there are multiple ways of triggering
the Process. The attributes of the Start Event will define which of the other
types of Triggers apply. When the start event has multiple triggers, it means
it can be one of the other event details, so the multiple start event can be
represented similarly to the other start event details.

End Events

There are eight types of End Events in BPMN: None, Message, Error,
Cancel, Compensation, Signal, Terminate, and Multiple.

(7) None end event just finishes the flow, so it does not need to be
substituted by any element in the task model since it finishes directly with
the last UI Task.

(8) Message end event can be represented by the task relationship “en-
abling” followed by a UI Task to send a message (e.g. warning about loan
rejected).
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(9) Error end event can be represented by the task relationship “dis-
abling” that interrupts the previous UI Task and terminates the process,
followed by a UI Task to generate the error (e.g. information missing for
loan request).

(10) Cancel end event can be represented by the task relationship “dis-
abling” that interrupts the previous UI Task followed by a UI Task to cancel
the transaction (e.g. system unavailability to complete the request).

(11) Compensation end event can be represented by the task relationship
“enabling with information passing” passing the outcome of the previous
UI Task that is determined to be undesirable by some criteria (e.g. loan
request being canceled) followed by a UI Task to undo the effects, know as
compensation (e.g. delete request from pending list).

(12) Signal end event can be represented by the task relationship “en-
abling” followed by a UI Task to broadcast the signal.

(13) Terminate end event indicates that all activities in the Process
should be immediately ended. This is the same as just finishing the last
UI Task of the group of UI Task, so no extra element is required in the task
model.

(14) Alternatively, the terminate end event could also be substituted by
a Stop unary operator [107], which means the unsuccessful termination of
a UI Task that inevitably leaves the super-ordinate tasks incomplete, thus
leading to the premature termination of a scenario. That could be done once
this extension is accepted by a task modeling tool.

(15) Multiple end event means that there are multiple consequences of
ending the Process. The attributes of the end event will define which of
the other types of results apply. Since cancel and terminate do not have
attributes and thus cannot be differentiated, they are not considered as a
possible trigger when multiple is applied, so the possible options are: mes-
sage, error, compensation and signal. Therefore, the task model elements
will be selected according to the attributes that define which event detail has
occurred.

Intermediate Events

There are 10 types of Intermediate Events in BPMN: None, Message,
Timer, Error, Cancel, Compensation, Conditional, Link, Signal, and Multi-
ple.

An Intermediate Event can be placed in one of two manners: placed
within the normal flow of a Process and attached to the boundary of an
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Activity. In both cases, two activities with the event between them is repre-
sented by three UI Tasks in which the first UI Task is an activity, the middle
UI Task is the event and the last UI Task in the second activity.

An Intermediate Event that is placed within the normal flow of a Process
can be used for one of two purposes. The Event can respond to (“catch”) the
Event Trigger or the Event can be used to set off (“throw”) the Event Trigger.
An Intermediate Event that is attached to the boundary of an Activity can
only be used to “catch” the Event Trigger.

If the Event is used to “throw” the Event Trigger, the Trigger of the
Event will immediately occur and the Token will move down the outgoing
Sequence Flow.

If the Event is used to “catch” the Event Trigger, then the Token will
remain at the Event until the Trigger occurs.

(16) A None intermediate event is determined by an event that does not
specify an event detail. A None intermediate event can be used to indicate
some change of state. It can be represented by a UI Task to change the state
in the process.

(17) Message catch intermediate event can be represented by the task
relationship “enabling” followed by a UI Task to receive a message, which
causes the process to continue.

(18) Message throw intermediate event can be represented by a UI Task
to send a message followed by the task relationship “enabling with informa-
tion passing” to pass the message.

(19) Timer intermediate event can be represented by the task relationship
“enabling” followed by a UI Task to verify that a specific time-date or specific
cycle has been reached to trigger the next UI Task.

(20) Error intermediate event between two other tasks can be represented
by the task relationship “enabling with information passing” followed by a UI
Task with two sub-tasks linked by the task relationship “suspend/resume”
since after the error is treated the other sub-task can be done.

(21) Cancel intermediate event indicates that the activity attached to
this event should be canceled when the event is triggered, but it does not
terminate the process. When this event is between two other tasks, it can
be represented by the task relationship “enabling with information passing”
followed by a UI Task with two sub-tasks linked by the task relationship
“disabling” since when the cancel is selected, the other UI Task cannot be
done.
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(22) Compensation catch intermediate event between two other tasks can
be represented by the task relationship “enabling with information passing”
followed by a UI Task with two sub-tasks linked by the task relationship
“disabling” since when the compensation is triggered, the other UI Task
cannot be done.

(23) Compensation throw intermediate event can be represented by the
task relationship “enabling with information passing” passing the outcome
of the previous UI Task that is determined to be undesirable by some criteria
followed by a UI Task to undo the effects, known as compensation.

(24) Conditional intermediate event is triggered when a condition be-
comes true. When it is between two other tasks, it can be represented by the
task relationship “enabling with information passing” followed by a UI Task
with two sub-tasks linked by the task relationship “deterministic choice” to
do one of the sub-tasks, depending on the condition.

(25) Conditional intermediate event attached to a task and followed by
another task can be represented by the task relationship “suspend/resume”
followed by a UI Task to be done when the condition is true, which momen-
tarily pauses the execution of the first UI Task.

(26) Link throw intermediate event connects one part of the process with
the Link catch intermediate event, which is similar to a sequence flow and
since these types of event are already connected to sequence flows, so no
extra element is required in the task model.

(27) Signal catch intermediate event between two other tasks can be
represented by the task relationship “enabling with information passing”
followed by a UI Task with two sub-tasks linked by the task relationship
“disabling” since when the signal is triggered, the other UI Task cannot be
done.

(28) Signal catch intermediate event attached to a task and followed by
another task can be represented by the task relationship “disabling” followed
by a UI Task to be done when the signal is triggered, which interrupts the
execution of the first UI Task.

(29) Signal throw intermediate event can be represented by a UI Task
to send a signal followed by the task relationship “enabling with information
passing” to pass the signal.

(30) Multiple intermediate event means that there are multiple triggers
assigned to the event. The attributes of the event will define which of the
types of event apply. Therefore, the task model elements will be selected
according to the attributes that define which event detail has occurred.
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Activities

Table 3.4 specifies the association of the mappings between Activities in
business processes and elements in task models, with the rationale behind
the decisions explained as follows.

Table 3.4: Association of BPMN activities and UI Task elements

No. Business Process Task Model

1 Sub-process UI Task

2 Task UI Task

3 Ad-Hoc marker in sub-process Sub-tasks + Order Indepen-
dence

4 Standard Loop + LoopCondition Iterative

5 Multi-Instance Loop + MI Condi-
tion

Iterative

6 Standard Loop + Loop Maximum Iterative

7 User Interactive

(1) Sub-process is a compound activity, similar to high level UI Tasks.

(2) Tasks are atomic activities, similar to atomic UI Tasks.

Activity Attributes

(3) Ad-Hoc marker in a sub-process is composed of activities that can be
performed in any order. Ad-Hoc marker in a sub-process can be represented
by a UI Task to represent the sub-process composed of sub-tasks with the
task relationship “order independence” between the sub-tasks.

(4) Standard loop type determines that an activity is performed repeated
times. In addition it has the loop condition that is an expression that is
evaluated as a condition for each cycle of the loop. This type of task or
sub-process can be represented by the UI Task property “iterative”.

(5) Multi-instance loop has a numeric expression (its attribute MI Con-
dition) that is evaluated once before the activity is performed and the result
of this evaluation specifies the number of times that the activity will be re-
peated. This type of task or sub-process can be represented by the UI Task
property “iterative”, in which a task can be iterated n times.
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(6) Standard Loop has the attribute Loop Maximum that informs the
limit to the number of loops. This type of task or sub-process can be repre-
sented by the UI Task property “iterative”, in which a task can be iterated
n times.

Task Types

Task types provide information of the behavior that the tasks might rep-
resent. In business processes, tasks are atomic activities. Since we consider
interactive UI tasks as the scope of the task model, tasks types that indicate
a behavior different than interaction in the business process are out of the
scope. For instance, service, receive, send and script task types are related
to tasks performed by the application; and manual task types are related to
tasks performed by users without an application.

(7) User tasks and Interactive UI Tasks represent tasks performed by a
human with the assistance of a system.

Gateways

Table 3.5 specifies the association of the mappings between Gateways in
business processes and elements in task models, with the rationale behind
the decisions explained as follows.

Table 3.5: Association of BPMN gateways and UI Task elements

No. Business Process Task Model

1 Data-Based Exclusive gateway Deterministic choice + condition

2 Event-Based Exclusive gateway Deterministic choice + condition

3 Exclusive merge Deterministic choice

4 Inclusive gateway Order Independence + condition

5 Inclusive merge Order Independence

6 Parallel gateway Concurrency

7 Parallel merge Concurrency

8 Complex gateway Enabling + condition

9 Complex merge Order Independence

10 Inclusive gateway + Exclusive
merge

Order Independence + Enabling
with info passing

11 Parallel gateway + Data Object Concurrency with info passing
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(1) Both the exclusive gateway and the deterministic choice represent
a point in the process where the first alternative that is chosen determines
the flow that will be taken. They restrict the flow such that only one of
a set of alternatives may be chosen. Data-based Exclusive gateway is a
branching point where the selection of an alternative is based on conditional
expressions. It can be represented by a “deterministic choice” relationship
with a condition for each target UI Task.

Suggestion: It is necessary to allocate a condition for each target UI Task
in the task model for this representation to be complete, not a condition for
the relationship as whole because a gateway can have several target activities
each one with a different condition, it is not a relationship between just two
UI tasks, as in most task models.

(2) Event-based exclusive gateway is a branching point where the selec-
tion of an alternative is based on an event that occurs at that point in the
process. It can be represented by a “deterministic choice” with a condition
for each target UI Task.

(3) Exclusive merge is used as a merge for alternative incoming sequence
flows and only one of the alternatives is expected to pass through this point.
It can be represented by a UI Task composed of sub-tasks with “deterministic
choice” relationship linked to the following UI Task with “enabling with
information passing” relationship so the following task knows the incoming
task’s result.

(4) Inclusive gateway represents a branching point where the selection
of alternatives is based on conditional expressions where all combinations
of paths may be taken, from zero to all possible alternatives. However, in
this case, the true evaluation of one condition expression does not exclude the
evaluation of other condition expressions. It can be represented by a UI Task
linked with “enabling” relationship to a UI Task composed of sub-tasks with
“order independence” relationship and condition for each sub-task because
each conditional path is independent, which can be comprised of several
target activities. Inclusive gateway does not represent a choice since each
outgoing path represents a grouping of related independent decisions taken
according to the defined condition.

(5) Inclusive merge is used to synchronize all tokens that have been pro-
duced upstream, but at most one for each incoming Sequence Flow. It can be
represented by a UI Task composed of sub-tasks with “order independence”
relationship linked to the following UI Task with “enabling with information
passing” relationship so the following UI Task knows the incoming task’s
results.
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(6) Parallel gateway is a mechanism to create parallel flow by dividing
a path into two or more parallel paths. It can be represented by a UI Task
linked with “enabling” relationship to a UI Task composed of sub-tasks with
“concurrency” relationship.

(7) Parallel merge is a mechanism to synchronize parallel flow. It can
be represented by a UI Task composed of sub-tasks with “concurrency” re-
lationship linked to the following UI Task with “enabling with information
passing” relationship so the following task knows the incoming task’s results.

(8) Complex gateway has an incoming expression that determines which
of the outgoing sequence flows will be chosen for the process to continue. The
expression may refer to process data and the status of the incoming sequence
flow. It can be represented by a UI Task linked with “enabling” relationship
to task composed of sub-tasks with “order independence” relationship and a
condition attribute for each sub-task.

(9) Complex merge has an outgoing expression that determines which of
the incoming sequence flows will be required for the process to continue. The
expression may refer to process data and the status of the incoming sequence
flow. It can be represented by a UI Task composed of sub-tasks with “order
independence” relationship linked to the following UI Task with “enabling
with information passing” relationship so the following UI Task knows the
incoming task’s results.

(10) Many combinations of the alternatives can be selected with Inclusive
gateway, but it is also necessary to use the Exclusive merge in order to express
that only one of the activities is expected to be fully accomplished and its
result to be passed through the flow. It can be represented by a UI Task linked
with “enabling” relationship to a UI Task composed of sub-tasks with “order
independence” relationship with a condition attribute for each sub-task and
with “enabling with information passing” relationship so the following UI
Task knows the incoming task’s result and accepts only one incoming result.

(11) Parallel gateway with a data object is a mechanism to create par-
allel flow that synchronizes data. It can be represented by a UI Task linked
with “enabling” relationship to a UI Task composed of sub-tasks with “con-
currency with info passing” relationship.

Connecting Objects:

Table 3.6 specifies the association of the mappings between Connecting
Objects in business processes and elements in task models, with the rationale
behind the decisions explained as follows.
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Table 3.6: Association of BPMN Connecting Objects and UI Task elements

No. Business Process Task Model

1 Sequence Flow + ConditionType
= None

Enabling

2 Sequence Flow + ConditionType
= Default

Enabling

3 Sequence Flow + ConditionType
= Expression

Enabling w/ info passing

4 Message Flow Enabling w/ info passing

5 Association Enabling

Sequence Flow

(1) Sequence Flow when the ConditionType is none and the “enabling”
relationship represent the order in which activities are performed. By default,
the ConditionType of a sequence flow is None.

(2) Sequence Flow when the ConditionType is default represents the
order in which activities are performed, similar to the “enabling” relationship.

(3) When the Sequence Flow has ConditionType set to expression means
that there is a condition that is evaluated to determine whether or not the
flow will be used. This condition can be passed in the “enabling with infor-
mation passing” relationship.

Message Flow

(4) Message Flow shows the flow of messages between two entities that
can be presented by the “enabling with info passing” relationship.

Association

(5) Association is used to associate information (e.g. text and graphi-
cal non-flow objects) with Flow Objects. An arrowhead on the Association
indicates a direction of flow that can be represented by the “enabling” rela-
tionship.

Swimlanes:

Table 3.7 specifies the association of the mappings between Swimlanes in
business processes and elements in task models, with the rationale behind
the decisions explained as follows.
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Table 3.7: Association of BPMN Swimlanes and UI Task elements

No. Business Process Task Model

1 Pool EndUser

2 Lane EndUser

(1) Pool represents a participant in a process. A Participant can be
a specific business entity (e.g. a company) or a general business role (e.g.
buyer, seller, and manufacturer). For each activity within this pool, it can
be represented by an EndUser associated to a UI Task.

(2) Lane is a sub-partition within a Pool, therefore, it represents sub-
categories of a participant in a process. For each activity within this lane, it
can be represented by an EndUser associated to a UI Task.

Artifacts:

Table 3.8 specifies the association of the mappings between Artifacts in
business processes and elements in task models, with the rationale behind
the decisions explained as follows.

Table 3.8: Association of BPMN Artifacts and UI Task elements

No. Business Process Task Model

1 Data Object + Task (in/out) UI Task

2 Sequence Flow + Data Object Enabling with info passing

Data Objects are considered Artifacts because they provide information
about what activities require to be performed (input) and/or what they
produce (output), but they do not have any direct effect on the flow of the
process.

The fact of having a Data Object in the BP does not indicate what users
will do with it while using the system. For instance, specifying a UI task in
which users will upload a scanned document depicts that it is actually the UI
task that will be linked to the UI components to fulfill that UI task. Because
Data Objects do not have any direct effect on the flow of the process, they
are generally associated to Flow Objects or in some cases with connecting
objects, but in any case, the BP can be modeled without Data Objects to
reduce clutter. Therefore, when Data Objects are present in the BP models,
what is considered is the Flow Object or Connecting Object related to it.
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(1) A Data Object as input or output of an activity, the activity is con-
sidered as the main element, which is represented by a UI Task.

(2) In cases when an activity passes information for the execution of the
next activity, a Data Object can be associated to a Sequence Flow. The
Sequence Flow is considered as the main element, which is represented by an
“enabling with information passing” relationship.

The following elements are not related to UI Tasks: A Group is used to
group objects within the same category. A Text Annotation is a mechanism
for a modeler to provide additional information for the reader of a BPMN
Diagram. Both of these elements do not affect the sequence flow of the activ-
ities within the group and do not provide information that directly impacts
the process. Therefore, they have not been associated to UI Task elements
because they are useful for graphical organization and visualization, not to
the performance of the process.

The transformation of business process models into task models is not
sufficient to create a task model complete enough to represent all tasks ex-
pected from users. This is due to the fact that BPs may not be modeled in
much richness of details. In this case, the task model acts as a complemen-
tary model, allowing further refinements. Such refinement can be done by
human factors experts and UI designers, who update UI tasks and their re-
lationships with new aspects of user interaction. The task model refinement
can certainly be done with the participation of business analysts to allow
consistency with business processes.

Mapping Task Model and UI Model

To instantiate the mapping of task models with UI components, we take a
five-level task model as an example, as depicted in Figure 3.11. The first level
of this task model is represented through a screen group and the second level
is related to screens. For the second UI task related to the second screen, it
is possible to depict the optional characteristic of screen fragments. Its first
sub-task is represented through a screen fragment with two screen elements
and its second sub-task is linked to a screen fragment that has another screen
fragment within it. This example is useful to depict the representation of
screen elements present in different levels of the task model, depicted in the
third, fourth and fifth levels. It demonstrates the flexibility of task models to
represent UI tasks in different levels of details, thus confirming that mapping
UI tasks to UI components is specific to each case.

To map UI tasks with UI components there are some constraints that
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need to be respected to guarantee the coherence of the mapping, such as the
ones listed as follows:

• A UI task with sub-tasks cannot be linked to a screen element;

• If the root UI task is a screen group, then the UI task directly below
it is represented by a screen group or a screen;

• If the UI task is linked to a screen group, then the UI task directly
below it is represented by a screen group or a screen;

• If the UI task is a screen, then the UI task directly below it is repre-
sented by screen fragment or a screen element;

• If the UI task is a screen and is the second to last level, then the UI
task directly below it is represented by screen element;

• If the UI task is a screen fragment, then the UI task directly below it
is represented by a screen fragment or a screen element;

• If there are three or more levels below a screen level, then the UI task
directly below it is a screen fragment.

• All UI tasks should be linked with UI components because all UI tasks
are interactive;

• If there are UI components not linked with UI tasks, it is probably due
to the granularity of the task model;

• By default, the sequence in which UI tasks are executed coincides with
the sequence of UI components navigation. However, this sequence
could be changed in each model.

Since the UI-Business Alignment Framework is independent of the way
UIs are designed and developed, it is valuable to use the task model hier-
archical structure that does not limit in how many levels a screen can be
decomposed, as previously specified in Table 3.2. Therefore, the more fine-
grained is the specification of the UI tasks, the clearer it is to identify the UI
components that will be used in the UI.
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Figure 3.11: Association of business processes with user interfaces

The mapping between these different models represents a solution for the
problem of how business processes influence user interfaces and vice-versa.
This solution has been presented using specific notations for each model as
an example. The business process model is represented using BPMN, the
task model is represented using UsiXML task model and the user interface is
represented using the UI model proposed in this thesis, which is also founded
on UsiXML. Even though the task and UI models are based on UsiXML, these
models are not tied to a particular UIDL, thus another UIDL could be used
(e.g. XIML), if the language has the corresponding concepts. As an evolution
of this work, the coverage of the meta-models can be tested by using other
notations. In this case, the business process model can also be represented
using the ArtiFactTMModel, the task model can be represented using User
Action Notation [38] and the user interface model can be represented using
directly the UsiXML abstract UI model.

Figure 3.12: Framework in different levels
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3.3 UI-Business Alignment Methodology

The methodology is explained with the specification of the organizational
context, its core actions, how they can be applied through different ap-
proaches, depending on the corporate background, with the description of
its characteristics that represent the main differentials of this methodology,
presented in the following sub-sections.

3.3.1 Organizational context

The methodology is explained through its application in two large organiza-
tions, which illustrates the applicability of this framework in complex sce-
narios. Therefore, presenting a generic organizational context and specific
scenarios of the case studies is primordial to understanding the methodology
and the examples illustrated with cases experienced in these organizations.

The context in which this framework is appropriate is for companies that:
1) are large because they usually have plenty of systems in production, these
systems are running in different platforms and there are hundreds of user in-
terfaces being used every day; 2) adopt business processes, which are the
foundation for their enterprise systems and are all in constant evolution
and/or 3) have extensive enterprise systems that automate the corporate
operations, but have not yet designed their business processes but are inter-
ested in adopting a business process oriented strategy. These cases represent
situations in which the organization needs to maintain their systems in ac-
cordance with the business processes in order to have systems that evolve
according to the business strategy. But such alignment is not easy to achieve
throughout different departments within the organization. In addition, each
department often works separately and has serious difficulties in understand-
ing the work of other departments, such as business and IT departments.

There are two main points of views that are handled in the target organi-
zational context: the business managers and the users of enterprise systems,
who are business process performers. For the top-management, it is cru-
cial for the organization to have enterprise systems supporting their business
strategies that are translated into activities in the processes. Once systems
are aligned with the defined processes, it is easier to achieve their strategic
goals. On the other hand, there are the users of enterprise systems who are:
1) professionals within the organization who use them in their daily work,
in some situations as a mediator for the organization’s customer; and 2)
the organization’s customer who has access to the organization’s products or
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services through an on-line version of the enterprise system.

This section provides information of two separate organizations in which
the methodology has been applied, constituting the experience in two case
studies. We use scenarios derived from these two real case studies to effec-
tively cover the several topics and validate the framework. One organization
is from the bank sector, a large bank and insurance company; the other
organization is from the telecommunications industry, the largest telecom-
munications company in the country.

Bank Sector

This organization is decomposed in two main sub-divisions: the insurance
and the bank. This sub-division resembles having two organizations in one,
which is an even more complex situation to be addressed. The insurance
is responsible for process engineering, management and implementation of
products in the back-end. The bank is responsible for designing screens,
usability evaluation, management and implementation of products in the
front-end. Their processes are deployed in three main logical channels: home
banking, used by customers at home through the Internet; branches, used
by the bank employees to create and manage contracts; and back office,
used by the insurance employees to create and manage contracts with the
highest permission level. The professionals and departments are organized
as follows: business analysts from the re-engineering department; system
analysts, software architects and programmers from the IT department; and
UI designers and human factors experts from the UI design department.

They adopt process practices in the whole organization. Their method-
ology is designed in the following manner: the Re-engineering team models
business processes; the UI design team designs UIs based on templates and
style guides; Human factors experts evaluate UI usability and coherence with
organizational standards; the Re-engineering team reviews UIs and accor-
dance to processes; and the IS team implements UIs. This methodology is
executed in an iterative manner and when there are problems detected by
human factors experts or when business analysts detect some needs for im-
provements or corrections, UIs need to be re-designed or processes need to
be updated.

In their methodology, they specify business processes with flows of sub-
processes and activities until reaching an atomic level in which tasks are
associated to business rules and data. In general, their business process
models are composed of 60 elements ranging from process, sub-processes,
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activities, and tasks, not even mentioning their business rules, which would
increase this number by nearly 100 more elements. Because of this large
number of processes; they encounter difficulties in identifying how changes
in their business processes have an impact on the UIs. In their context,
changes in the business processes are very common, especially when there
are changes in laws under which their processes are based on. Their existing
systems have mostly a sequential flow, resulting from strictly following the
business processes and therefore lack considering the user perspective.

The Re-engineering team has an organized methodology to design their
business process models, which are decomposed in six layers: business do-
main, end-to-end process, end-to-end process per logical channel, sub-process,
activity, and task. Business domain represents the core and supporting pro-
cesses. Processes present the generic flows per business domain. Process in
a logical channel shows the process flow taking into account a specific logical
channel (e.g. home banking, branches, back office). Sub-process presents a
process for a logical channel in a flow. Activities represent details of a sub-
process in a flow. Tasks give further detail of an activity in a flow. They are
documented in two different documents, a global and a detailed description.
The Re-engineering team expects the other departments to follow a UI design
method that maintains alignment with the business processes. Since that is
not currently the case, they prepared different spreadsheets in an attempt
to align and correlate business process layers with UIs elements, which can
start with screens until basic objects (e.g. fields).

The IT and UI design departments, on the other hand, find it very compli-
cated to handle these different documents, which they argue requires them
to have a deep understanding of the company products and extra time to
keep all the spreadsheets updated and consistent, which is not their reality
since they are under-staffed to address various demands, especially for UI
design and usability evaluations. As a consequence, they are required to
spend a considerable amount of time in meetings to understand the business
processes or doing quality assurance checks to make sure that the UIs are
in accordance with the business processes; otherwise, business processes are
not aligned with UIs and it is difficult to identify the impact that changes
on a business process have on UIs and vice-versa.

The main challenge is to make these sub-divisions communicate clearly
and efficiently, especially because they are physically separated. Their issues
are related to scarceness of product-knowledge and human resources in the
UI design department have led to two possible scenarios: (i) UI designers do
their work in an ad-hoc manner, considering previous designs and insights
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from professionals who are more experienced with the products; or (ii) the
IT department, with more staff and product knowledge, takes the lead and
implements before UI design. In the first case, the business process is rarely
followed. In the latter, it is difficult for human factors experts to make sure
the outcome of usability evaluation is put into practice since development
has started before UI design.

Telecommunications Industry

This telecommunications company is a reference in providing integrated com-
munication services, including fixed line voice, mobile voice, broadband, and
television services (for confidentiality reasons, the characteristics of this or-
ganization are presented in general terms). The link with the existing busi-
nesses lies in the technology; customers can access any of these four products
with their existing infra-structure, which makes the diversification strategy
conglomerate and offers simplicity to the customer. Enhancing its marketing
strategy, it has promoted diversification and expanded the scope of its ser-
vices to include Voice over IP (VoIP), which is a new trend, offering phone
communications via the IP network.

The high-level management has stated that the organization will give
more attention to its business processes. To address this goal, in 2007, they
have started to use the Enhanced Telecoms Operations Map (eTOM) frame-
work [26] as a background for modeling its BPs. This standard is used
worldwide as a guidebook for the Telecommunication sector to provide such
companies with a general description of processes. In addition to this frame-
work, the consensus is to use Microsoft Visio for operational flows and Aris
[6] for IT core system related flows. In practice, however, many documents
exist to document the BPs, not centrally available and not in a common for-
mat. In other words, there is no centralized tool for BP modeling. It owns
40 licenses of Aris; some licenses are used in Human Resources, the others
are spread in the IT unit. However, only 3 to 4 people are using the licenses
regularly, and these people are not the Process Managers. In addition to the
cost of such licenses, there is a resistance to use a modeling tool. Indeed,
people are used to Microsoft tools (Visio, Word and PowerPoint) but such
tools have not been created for such a purpose.

The organization has defined four levels of BPs design (independent of the
tool used), each level adding more details to the previous one. Level 1 broadly
describes who does what in the process; it contains the major entities and
actors, but does not involve any decisions or systems. Level 2 complements
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by detailing the systems used by these professionals as well as the decisions
which have to be made. Level 3 concretely represents the process flow and its
description; this level is skipped for small processes. Finally, level 4 belongs
to the Methods department; it explains how the user has to interact with the
systems’ User Interfaces. This documentation is often made of screen shots
with some annotations for the user. In addition, the BP models are just used
as documentation and are rarely updated.

Besides the greater importance given to modeling business processes, they
are also concerned with managing them; hence one of its main goals for the
next 5 years is to fuse its sales processes so that all different sales channels
can provide services to their customers uniformly. However, their current sit-
uation at the time of the case study is the lack of consistency and traceability
in the documentation. A business process engineer stated that depending on
the needs, people produce documentation from scratch and once the project
is finished, they “throw it away”. In addition, there is no linkage between
the existing documentation in different departments and everyone is using
the modeling tool of their choice. From then on, it becomes increasingly
difficult to predict the impact of changes (traceability) and to be aligned
(consistency) across departments. This problem is frequent and relevant as
knowledge represents the organization’s ability to determine how it will de-
liver results, how it will differentiate from competitors (strategy) and how it
will cope with changes. All of these characteristics make this organization
an appropriate context to apply the UI-Business Alignment framework.

To address issues related to the alignment of enterprise systems faced
in these organizational contexts, the methodology is proposed to align their
business processes with UIs. The goal is to maintain both an organizational
point of view, to be compliant with decisions from top-management; and an
end-user perspective, to maintain systems usable and efficient. Situations
from these two organizations are used throughout this work to explain the
methodology and platform. In the following sections, the UI-Business Align-
ment Methodology is explained and exemplified using situations extracted
from these two case studies.

3.3.2 Methodology Specification

The UI-Business Alignment Methodology proposes a strategy to map the
core models (business process, task model, UI model) related to enterprise
systems and build a network of links that supports traceability and impact
analysis when changes are requested in any of these models.
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The methodology has core actions to be performed by stakeholders in-
volved in applying the methodology, which can include:

• Business analysts, who need to make sure that what is specified in BPs
are done by system end-users;

• UI designers, who want to guarantee that what they design supports
business processes;

• Usability experts, who want to adequate business operations into UI
tasks that bring productivity to end-users;

• Operation managers, who want access to a high level impact analysis
reports concerning business processes they manage;

• Users, who want their suggestions towards improving user interaction
to be considered in the business context.

To present an overview of the methodology, we use a new formal graphi-
cal notation for modeling software development methodologies, the ISO/IEC
24744 [48] International Standard, a preliminary version of which is found
in [33]. Although the underpinning meta model was standardized within the
software engineering community, this notation is applicable to a wide variety
of methodological domains, not only software but also hardware, systems
and numerous engineering application domains. The use of this standard
is motivated by the fact that a shared notation composed of graphical el-
ements to represent methodologies aims at facilitating the communication
between method engineers from different domains (e.g. SE, HCI, Business)
or approaches (e.g. traditional, agile).

Many efforts have defined meta-models with concepts for software de-
velopment methods. Software & System Process Engineering Meta-Model
(SPEM) [118], the Object-Oriented Process, Environment and Notation,
known as the OPEN Process Framework (OPF) [27], and ISO/IEC 12207
[46] have concepts that are useful to describe a software development pro-
cess, while ISO/IEC 15504 and Software Process Improvement and Capa-
bility dEtermination for Object-Orientation (OOSPICE) focus on concepts
to perform process assessment and improvement. Even though each of these
standards define a coherent set of concepts useful for their intended domains;
they are neither as complete, generic and extensible as desired so as to cover
most areas, enable application in different contexts, and enable adding new
concepts as needed [32]. Besides the lack of these properties, neither of them
accepts the idea of method engineering, as done by ISO/IEC 24744.
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The following diagrams were chosen to graphically represent information
about the methodology from different perspectives (definitions of the dia-
grams and entities used in these diagrams are from [40], [32]).

Lifecycle Diagram represents the overall structure of a methodology,
depicting both the temporal and the content aspects: method-level specifi-
cation with stage elements (the elements used here are: Time Cycle, Phase,
Milestone) and work unit elements (the element used here is: Process). Stages
represent managed time frames within a project. A time cycle is a managed
interval of time within a project with the objective of delivering a final prod-
uct or service. A phase is a managed interval of time within a project for
which the objective is the transition between levels of abstraction. A mile-
stone is a managed point in time that marks some significant event in the
project. Work Units represent jobs performed, or intended to be performed,
within a project. A process is a large-grained work unit that operates within
a given area of expertise within the project.

The Lifecycle Diagram (Figure 3.13) depicts the time cycle of the UI-
Business Alignment Methodology organized in two phases (Network Building
and Impact Analysis) with a milestone between them to denote the need
to fulfill certain pre-requirements to go from one phase to the next. The
‘Network Building’ phase is composed of two processes (Forward Building
and Backward Building) and the ‘Impact Analysis’ phase is composed of three
processes (Forward Analysis, Middle-Out Analysis and Backward Analysis).

Figure 3.13: Lifecycle diagram of UI-Business Alignment Methodology

Process Diagram describes the details of a process or collection of pro-
cesses used in a methodology. These details may include the relationships
between Processes, the links between Processes and Tasks, and the Producers
assigned to the processes and tasks. A task is a small-grained work unit that
focuses on what must be done in order to achieve a given purpose. Producers
represent agents that have the responsibility to execute work units. A role
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is a collection of responsibilities that a producer can take. A Person is the
individual human being involved in a project.

A process diagram (Figure 3.14) for the set of processes for the ‘Network
Building’ phase depicts the stakeholders (i.e. Business Analyst, Usability
expert, UI designer) involved in these two processes. The ‘Forward Building’
process is composed of a set of tasks to be done when the organization has
the BP modeled to start building the network of links from them. The
‘Backward Building’ process is composed of a set of tasks to be done when
the organization has it enterprise systems, but not yet the BP modeled, so
the network of links is built from systems, listing its UI components, creating
task models and deriving the BP model.

Figure 3.14: Process diagram for the creation of the network of links

A process diagram (Figure 3.15) for the set of processes for the ‘Impact
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Analysis’ phase depicts the stakeholders (i.e. Business Analyst, Usability
expert, UI designer, End-User) involved in these processes.

The ‘Forward Analysis’ process is composed of a set of tasks to check the
impact of changes starting from the BP model. The ‘Middle-Out Analysis’
process is composed of a set of tasks to check the impact of changes starting
from the task model. The ‘Backward Analysis’ process is composed of a set
of tasks to check the impact of changes starting from the UI model.

Figure 3.15: Process diagram for the impact analysis

Specification of Core Actions

The methodology is effectively adopted by starting with a critical process,
which could be a great source of data to be analyzed in an initial project.
After applying the methodology at the first time, a procedure is prepared
to spread the methodology through other critical and non-critical processes
considering the organizational context in other projects.

The core actions to create the network of links can be applied in two
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main approaches: forward and backward. Figure 3.16 depicts the alignment
of business processes with UI components following these two approaches, in
which the actions of stakeholders are organized in disciplines related to busi-
ness process management methodologies and User-Centered Design method-
ologies.

Figure 3.16: UI-Business Alignment in two approaches

The methodology considers the following knowledge areas (as named in
bodies of knowledge [43]) or disciplines (as named in software development
processes, as in the various instantiations of the Unified Process (UP) [49]):

Business Analysis is “the set of tasks, knowledge, and techniques re-
quired to identify business needs and determine solutions to business prob-
lems. Solutions often include a systems development component, but may
also consist of process improvement or organizational change.” [43].

Task Analysis “is used to analyze the underlying rationale and purpose
of what people are doing” [105].

Conceptual Design means high-level user interface design regarding the
presentation structure that maps to interactive tasks [70].

Interaction Design means “designing interactive products to support the
way people communicate and interact in their everyday and working lives”,
aimed for all kinds of technologies, systems and products. [105].

Usability Test means “testing with real users to obtain direct informa-
tion about how people use computers and what their exact problems are with
the concrete interface being tested” [82].

In the forward approach, business processes go through analysis and im-
provements can be identified that require changes on the business processes
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during “Business Analysis”; UI tasks are specified and updated during “Task
Analysis”; UI components are specified and updated during “Conceptual
Design”; and UIs are specified and updated accordingly during “Interaction
Design”.

In the backward approach, UIs are analyzed and improvements can be
identified that require changes in UIs during “Usability Test”; UI components
are specified and updated during “Conceptual Design”; UI tasks are specified
and updated during “Task Analysis”; and business processes are specified and
updated accordingly during “Business Analysis”.

Forward Approach: In situations where there is a process and there
is no system, the forward impact analysis can simulate what could be the
future user interaction to execute the process; verify the alignment of the pro-
cesses with existing interaction; and identify what impact the optimization
of processes has on the user interaction.

The core activities of the methodology to guarantee the user interface-
business alignment are listed as follows for a scenario application of the for-
ward approach:

1. Business Analysis

1.1. Select representative and critical processes of the organization

1.2. Model business processes

1.3. Identify systems related with those processes

2. Task Analysis

2.1. Model UI tasks

2.2. Map process activities with UI tasks

3. Conceptual Design

3.1. Model user interfaces

3.2. Map UI tasks with user interfaces

4. Interaction Design

4.1. Design user interfaces

5. Impact Analysis

5.1. Perform impact analysis and generate strategic information to an-
alyze process performance and user experience.
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Backward Approach: In situations where there is a system and there
is no process, the backward analysis uses navigation patterns in the system
as a source of data to exploit business processes. It helps identifying how
the improved usability of UIs suggested by systems users (e.g. customers,
employees) impacts BPs.

For a scenario application of the backward approach, the core actions are
the following:

1. Usability Test

1.1. Select representative and critical systems of the organization

1.2. Observe users working with those systems to identify their tasks

2. Conceptual Design

2.1. Model user interfaces

3. Task Analysis

3.1. Model UI tasks;

3.2. Map user interfaces with UI tasks

4. Business Analysis

4.1. Model business processes

4.2. Map UI tasks with process activities

5. Impact Analysis

5.1. Perform impact analysis and generate strategic information to an-
alyze the process performance and user experience.

After the mappings are created in any of these approaches, the impact
analysis can be performed in forward, middle-out and backward approaches:

In the forward approach, when changes are made on BP models, they
may impact UIs. Such changes can be done from a variety of reasons, in-
cluding new or alternative ways of doing things, new business opportunities,
organizational changes, new regulations; etc.

In the middle-out approach, changes are made on task models as sugges-
tions from usability experts and UI designers. When changes are made first
on task models, the impact is on BP models and UIs with possible updates.
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Reasons for such changes include new ways to perform tasks that improve
the user experience.

In the backward approach, changes are made on UIs as suggestions from
systems users (e.g. customers, employees). When changes are made first on
UIs, the impact is on BP models with possible updates. Reasons for such
changes include defects to be fixed, better user understanding of the systems’
features, new technology, etc.

The methodology can be applied in organizations with minor changes
on the way they work, highlighting that the core actions are mandatory to
guarantee UI-Business alignment, as depicted in Figure 3.17. It starts with
BP models that can be done in any notation and specified in any level of
granularity. The BP elements are transformed into BPMN in order to unify
the business representation. The BP breakdown structure is associated with
UI models through the hierarchical levels of task models. Each level of the
BP is mapped with the different levels in the task models, then the task
model is mapped with the UI model that has UI components ranging from
composable to atomic components.

The methodology is flexible enough to enable stakeholders to specify at
which level of granularity they will map the elements, depending on the
complexity of the processes and systems, on the information available and
other aspects that directly influence the impact analysis.

Figure 3.17: Outline of the method with roles, artifacts and tools
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Business process models help to conceive task models since its most cru-
cial parts of the processes can represent a high level specification of what
users must do. Task models should be reviewed by UI designers or usabil-
ity experts in order to make sure that the user perspective was taken into
consideration. This review should be emphasized when a transformation is
made. This review is done by creating relationships between UI tasks that
are not considered during business analysis, but are pertaining to the user
interaction, such as interruption of tasks that can be undertaken afterwards,
disabling other alternative tasks when one task with higher priority is finished
(e.g. form submission), optionality of tasks, etc.

Focus on business process performers

We rely on epistemological research to turn the recurring focus from business
analysts and place it on business process performers. According to Giddens
[31], agents are those who act in a world and are capable of making choices
based on information and knowledge. Therefore, they reproduce the social
structure and can bring about social change. Aligned with Giddens’ duality
of structure theory, structure contains agents’ behavior, but agents’ behavior
also makes the structure itself possible. For this work, these agents are
professionals responsible for performing activities of business processes and,
consequently, they are also end-users of enterprise systems. Giddens’ theory
is well aligned with our framework, in which business process performers
must adhere to the corporate structure following business processes, but, on
the other hand, they also bring changes to such structure since they think
and behave differently.

Concerning the first state of the dual structure, in order to be able to
adhere to defined processes, process performers must understand well how to
perform these processes. However, it is common to find business processes
defined at a high level that does not represent the tasks they should perform
in their daily work. That is an important consideration to have task models
with a lower level of granularity to specify performers’ tasks to have fewer
deviations from the tasks assigned to business performers. That is a reason
for the growing interest from organizations to know how specific agents, not
generic roles, accomplish their work [137]. Therefore, we focus on actual
users that we can identify within the organization since they are the ones
who actually perform the process.

Looking at the second state of the dual structure, in order to enable
process performers to bring changes to the corporate structure, they must
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play active roles by suggesting improvements on tasks defined at a low level
of granularity, which is the manageable level of tasks corresponding to their
work. Stoitsev et al. [119] has already highlighted that BPM has already
perceived that the involvement of business users in process modeling can
make processes better turned to users’ needs and organizational changes,
thus resulting in processes that are more consistent and still flexible.

Integration with Corporate Initiatives

This methodology can be combined with other corporate methods and pro-
cesses, such as software development processes, HCI methods, process im-
provement methodologies, IT-Business alignment strategies, etc. The method-
ology is focused on disciplines, actions, roles and models directly related to
UI-Business alignment. Other aspects are pertaining to the corporate soft-
ware development process. For instance, the methodology considers one unit
in the IT department: UI design, leaving aside other usual units, such as
software architecture and development, which are directly related to code or
architecture.

In a scenario in which the organization adopts the Rational Unified Pro-
cess (RUP) [60], the core disciplines in the forward approach are performed
according to the organizations’ customization and the alignment methodol-
ogy activity 1 is related to the Business Modeling discipline, and activities 2
to 5 are related to the Analysis & Design discipline.

In an agile context that adopts the Agile Model Driven Development
[4], the core activities in the forward approach are performed according to
the organizations’ customization and the alignment methodology activities
1 and 2 generate outputs that serve as input to the Initial Requirements
Envisioning, and activities 3 to 5 are related to the Iteration Modeling.

Following CMMi for Development [18], the core activities in the forward
approach are performed according to the organizations’ customization and
the alignment methodology activity 1 is related to the Process Management
process areas, such as Organizational Process Definition; and activities 2 to
5 are related to the Engineering process areas, such as Technical Solution.
An association between our method and a standard software engineering ap-
proach is a good representation to highlight its importance to make profes-
sionals aware of the inclusion of a traceability method within their projects.

The Software Development Life Cycle as well as the UID Life Cycle are
complex and unique in nature. The integration of the framework with SE
and HCI techniques requires deep explanation of SE and HCI aspects, which
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would take the focus from the main contribution for UI-Business alignment.
This general association with existing software development process tech-
niques represents a proof of concept that has been further validated in two
case studies.

In order to make our methodology feasible for application in the indus-
try, we define it as an alignment methodology that can be used: 1) within
a development method (e.g. UI development method, software development
method) and 2) independently, such as the configuration management sup-
porting process, which can be applied along with any primary life cycle that
supports the entire software product life cycle, namely, development, opera-
tion or maintenance [46].

The view of the methodology depicted in Figure 3.16 shows the organiza-
tion of the methodology in disciplines and actions, which is a pre-requirement
to make this strategy applicable both in traditional and in agile approaches.
In the first, the actions can be separated by roles, such as business ana-
lyst, system analyst, UI designer, interaction designer, developer, usability
experts, ergonomist, etc. In the latter, there are generalizing specialists [4]
who are multi-disciplinary professionals that can perform several activities
in a same project. And it also enables people executing different roles to
participate in the same activity (e.g. UI designers and usability experts par-
ticipating in Task Analysis) as a team to obtain quick feedback about ideas.

Cross-Organizational Engagement

The forward approach stimulates the participation of managers and business
analysts, who can identify prospective improvements on business processes
to address new corporate strategies. The backward approach stimulates the
participation of basically anyone in the organization, such as UI designers and
end-users, who can identify improvements directly on the UIs of enterprise
systems to address specific needs (e.g. facilitate interacting with the system).

In the backward approach, the reason for monitoring the process through
user observation is that this solution is independent of how processes are
designed and systems are developed. In most solutions in the market, busi-
ness processes must be executed in specific engines and the system must
be developed in a specific technology (e.g. web services) to allow collecting
data as the system is used. Our solution is applicable in a wider range of
corporate scenarios since we can monitor any kind of system that are repre-
sentations of certain business processes, for instance, an order management
system for provisioning products. In this approach, stakeholders do not need
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specific skills in order to be able to delineate which part of the system brings
impediments for the successful completion of their goals.

The participation of professionals from different domains with a proac-
tive approach towards process optimization makes this framework less ob-
trusive and enables ”social creativity” as they create, design, develop or per-
form business activities. Social creativity is a solution for complex problems
in which all stakeholders contribute with their different points of view and
knowledge resulting in new ideas [28].

3.3.3 Building Network of Links

Building the network of links is the process of mapping the core models to
create a network of links between them. It is explained and exemplified using
scenarios from the two case studies at the bank sector and the telecommuni-
cations industry.

The first case study, applied in the financial sector, occurred in the busi-
ness and IT departments with five professionals, who participated in several
meetings and interviews during three months. The business process under
analysis was related to insurance contracts, a major process for the organi-
zation. The second case study, applied in the telecommunications industry,
occurred in the finance department and enterprise business department with
twenty-three professionals, among managers, business analysts and IT pro-
fessionals, who participated in meetings and interviews during four months.
The business processes under analysis were related to accounting and provi-
sioning products, where the first is a support process and the latter is a major
process for the organization. More detailed information on the contexts of
the case studies is presented in Chapter 5 Validation.

Even though both cases experienced the same issues concerning UI - Busi-
ness alignment, they have different characteristics that are useful for different
approaches as the network is being built. The bank case study is more appro-
priate to illustrate the forward approach because it already had its business
processes well defined and modeled and their systems designed and devel-
oped. The telecommunications case study is more suitable to illustrate the
backward approach since it did not have the business process modeled in the
finance department.
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Forward Approach

Using the bank sector from one of our case studies and considering the fi-
nancial crisis in the global market, there have been several merger situations.
Thus, major banks that have faced the need of process integration with other
banks; are now, more than ever, struggling to identify inefficiencies in busi-
ness process that may be significant cost drivers. They are also looking for
ways to optimize the time between the process definition and maintenance
and its effective implementation. In this bank case study, the bank is also in
the insurance sector, as is the case of several major financial institutions.

Figure 3.18: Business process for insurance contracts

The insurance sector has several business processes that define the services
to be provided to customers aiming to attain organizational goals, especially
customer satisfaction. The process for file closure, which creates insurance
contracts, is illustrated using BPMN with a set of sub-processes in Figure
3.18.

In this process, first the contract file is created and then all the data
checked and registered in the appropriate tariff calculations. When an in-
tervention is sought because the calculations have not met pre-defined re-
quirements, the contract as a whole is transferred to an inspector in the back
office. The inspector is informed of the need to intervene via a telephone
call. Then, the inspector will take the necessary steps to bring about a final
decision from which the file is handed back to the bank agency for comple-
tion, after that, the intervention has officially ended and the evaluation of

91



3.3. UI-BUSINESS ALIGNMENT METHODOLOGY

the medical formalities can start.

The bank already had their enterprise systems deployed in several branches
in use by bank agents and back office inspectors. With access to the user
manuals of the system with several screen shots and explanations, detailed in
the interviews with the UI designers, it was possible to have an understanding
of the UIs.

Once the possible list of interactive tasks was identified by looking at the
UIs of the system, we specified the UI tasks in task models. The high level
UI tasks were created based on the business activities, then these UI tasks
were detailed based on the UIs. An extract of the task model is depicted in
Figure 3.19, which is a visual representation of interactive tasks to create a
contract file, without the task relationships. These UI tasks are related to
the UI presented in Figure 3.20.

Figure 3.19: Task Model for File Closure

From the existing UIs, we extracted the UI model by identifying the
UI components, as depicted in Figure 3.20. The screen for file closure is
composed of six screen fragments containing: header with navigation and
indication of the status of closing the contract, selection of the product,
information of the commission agent responsible for this contract, general
data of the contract, data on the type of investment and data on the type
of savings. Each of these screen fragments is composed of screen elements
and there are three screen elements at the bottom of the screen that enable
saving, navigating or canceling the request.

92



3.3. UI-BUSINESS ALIGNMENT METHODOLOGY

Figure 3.20: Extracting the UI model

With the models created, it was possible to map process activities with
UI tasks and then map UI tasks with user interfaces. For instance, the sub-
process ‘Create file closure’ was linked to the UI task ‘Create file closure’ and
this task was linked to the screen ‘File Closure’, as depicted in Figure 3.21.

Figure 3.21: Model Mappings for File Closure
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Backward Approach

Similar to many organizations that have enterprise systems, but have not yet
defined their business processes, the telecommunication company has many
departments in the same situation, thus the backward approach is useful to
build the network starting with the system UIs.

Using the department in charge of the IT support for the Finance depart-
ment as a first project in the telecommunications case study, the selected
process is the accounts payable that controls invoices. An analyst in charge
of the Finance IT support explained the process by using the enterprise sys-
tem.

The part of the system presented here to exemplify building the network
of links starts when a credit note is requested to correct the data in the
invoice sent by the supplier that is different from the purchase order, either
with price or quantity differences. If the approver requests a credit note, the
credit note is created and sent to the requester who analyzes it for approval.

Figure 3.22 depicts the UI where approvers see the list of documents open
for approval. When they select a credit note, the approver is able to approve,
reject or cancel.

Figure 3.22: Screen for approval of credit notes

Based on the existing UI of the accounts payable enterprise system, we
have specified the UI model for the UIs. Figure 3.23 depicts the UI model
for the current screen group for approval of credit notes, composed of one
screen for credit notes without purchase order and another screen for credit
notes with purchase order.

94



3.3. UI-BUSINESS ALIGNMENT METHODOLOGY

Figure 3.23: UI Model for approval of credit notes

Once the UIs were understood and the UI models created, we specified
the UI tasks in task models. An extract of the task model for the UI of
approval of credit notes is depicted in Figure 3.24, which details interactive
tasks.

Figure 3.24: Task Model for approval of credit notes

With the details of UI tasks, it was possible to specify the high level
activities of the business process for the approval of credit notes, depicted
in Figure 3.25. In this process, when a credit note is open for approval, it
is redirected to an approver, who can accept or refuse it. Once an action
is chosen, the status of the credit note changes and an e-mail is sent to the
finance department that processes the invoice and dispatches another e-mail
with the latest status of the invoice and related credit note.
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Figure 3.25: Business Process Model for approval of credit notes

With the models created, it was possible to map user interfaces with
UI tasks and then map UI tasks with process activities. For instance, the
screen ‘Approval of credit note with purchase order’ inside the screen group
‘Approval of credit note’ was linked to the UI task ‘Analyze credit note with
purchase order’ and it was linked to the sub-process ‘Analyze credit note
with purchase order’, as depicted in Figure 3.26.

Figure 3.26: Scenario Support for Approvers

This example has illustrated how the models are created and how the
associations between business process models, task models and UIs is done,
which builds a network of links. With this network built, it is possible to
navigate in the network in any direction, which aids in identifying the impact
of changes, supported by the execution of rules, which are explained in the
next chapter.
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3.4 Applicability of the Framework

The framework is appropriate to be applied in the context of large organiza-
tions that have extensive enterprise systems and have their business processes
or are at least interested in designing their business processes. To be able to
apply the framework it is not required to have both. Having just the system
is already a starting point since the framework enables to derive a business
process model that can be evolved by business analysts.

In general, the stakeholders will be involved in designing business process
models, evolving task models and creating UI models. We assume that the
models created are correct, consistent and complete. They are complete
considering that these models are designed in an iterative manner. Each
iteration produces a version that is complete for the current context, but
they are still open for changes and improvements. The platform is aimed
to support stakeholders with information to help them maintain consistency
between the models. However, the platform does not aim to indicate that a
model is right or wrong because this is pertaining to the human abstraction
skill. On the other hand, the platform indicates if a model is consistent
or inconsistent, according to the conventions described in the rules. Being
wrong may mean that it is different from reality or that it has a deadlock in
the process flow, as an example of an error that stakeholders may make when
modeling. As classified in [75], stakeholders normally fall in one of the seven
sins of specification, such as over specification, contradiction and ambiguity.
Therefore, it is an assumption that stakeholders are confident in creating the
models and that they at least try to maximize the correctness, consistency
and completeness of the models.

More specifically, for the framework to be applied in companies, the stake-
holders involved shall be trained to update UI tasks derived from business
process, delineate UI models and create the mappings between the models.
Normally, we would expect usability experts to update UI tasks since they
have an understanding of the UIs of systems and are used to work with
textual representations of UIs, such as user manuals. Delineating UI models
can be done by UI designers since it requires understanding the structure and
navigation of the system UIs. Mapping the models can be done by stake-
holders that understand both the business processes and the systems, such as
business analysts. The business process is not considered as an added model
to be learned by the stakeholders because it is considered as a given by the
corporate setting. We assume the organization has decided to apply business
process management techniques in their projects as part of their corporate
strategy.
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As in most methodologies, there is the need to consider the learning curve
that represents the changing rate of learning how to update UI tasks, delin-
eate UI models and create the mappings. Despite that, the task and UI
models are simple, there is just a small set of elements to be learned. There
are also the functionalities of the platform that make transformations from
the business process into the task model, avoiding creating it from scratch
and the plug-ins that enable evolving the platform with more support, such
as creating a prototype of the UI. To quantitatively demonstrate that the ap-
plication of the framework is worthwhile, a return on investment analysis can
be applied for each project to check that the benefits of applying it outgrow
its costs, thus proving its feasibility in a corporate setting and motivating
stakeholders to continue applying it.

Besides the profit that the framework might bring from resulting im-
provements on business processes, the human perspective in this framework
makes end-users to be heard in the company. The framework enables a free
channel where they can give their opinion about user interaction. This opin-
ion is translated into business processes so operation managers can ponder
on their impact. When end-users’ suggestions are put in practice and these
changes improve their work, they are motivated to collaborate. The more an
end-user’s suggestions helps other end-users, the stronger is their reputation
within the group (e.g. customer representative department) and higher is
the trust between people.

3.5 Conclusion

This chapter presented a model-driven approach to map UIs and business
processes. With this approach, models are mapped to each other and the
user experience is considered in alignment with business needs.

If applied appropriately, this methodology can bring more benefits pro-
portionally to the size of the system. The application on small systems could
be problematic because it will add more complexity instead of keeping the
work simpler, as preached by agile practices. On the other hand, large sys-
tems can benefit from it because of the activity volume and its respective
screens, abstracted by models and their interrelationships.

This approach started to become consolidated by recent researches, which
inspired us to specify a platform, explained in Chapter 4.
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Chapter 4

Platform Specification

“”The user’s time is more valuable than ours. Respect it. Good UI design is
humble.”, Jono DiCarlo, Developer, Humanized.

This chapter presents the definition of a software platform for the UI-
Business Alignment Framework, which represents a support for the solution
presented in Chapter 3. This platform is explained through the analysis of its
structure, specification of its functionalities, design of prototypes to represent
its behavior and definition of how models are managed using rules.

4.1 Introduction

To support the alignment between models, we envision the need for a software
platform to map business models, task models and UI components in order
to identify the impact of model changes. Therefore, we have developed the
UI-Business Alignment Platform, called hereafter the platform.

This platform is a support for decision-making for the main stakeholders
involved in applying the UI-Business Alignment methodology who want to
track changes on BPs and UIs of enterprise systems. Even though there are
technical transformations (e.g. BP to task model transformation), they are
aimed to create mappings, they are not aimed towards generation of UIs,
as explained in Section 3.2.3 of Chapter 3. There is also some degree of
interpretation from the stakeholders, who consider their own values to make
decisions when improving the transformed version of a model into a usable
work product.

The UI-Business Alignment Platform is being developed in JavaTM, using:
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• the Swing [128] library to implement the graphical UI thanks to its
standard look and feel presentation in different platforms;

• StAX (Streaming API for XML) [121] to read and write XML content
because of its high performance to manipulate a huge amount of XML
data, such as external models and UsiXML models;

• the Drools [50] rule engine to give the necessary flexibility to manage
models;

• the Apache Derby [22] embedded database to store local and temporary
data, simplifying the installation and distribution process;

• the Netbeans Visual Library [80] to render visual diagrams, such as
task models and navigation models; and

• Jersey [51], the REST web services library to synchronize local data
with a centralized repository, accessible by other people in the organi-
zation.

4.2 Functionalities of the Platform

The list of functionalities for the UI-Business Alignment Platform has been
created based on the following sources: (1) the issues detected in the first
case study demonstrated the need to correlate business process and UIs in
one platform that integrates the models; the difficulties in doing impact anal-
ysis after changes showed us the need to supply a way to trace the elements
and view impact of changes on elements; (2) the absence of concerns on user
interaction in enterprise systems illustrates the need to generate task mod-
els based on business processes, associate task models with UI components,
and view navigation between UIs related to certain activities of business pro-
cesses; (3) the experience in the second case study illustrated new scenarios
in which the support of a software platform brings more efficiency to show
the results from applying the methodology; (4) the core actions defined in
the methodology drive the specification of functionalities for the platform.

There are three core elements in our strategy that are necessary to pro-
vide UI-Business alignment: business process, task model and UI compo-
nents. Adding to that, organizations, systems and end-users are also central
elements that help identify the location of UIs and who are impacted by
changes on these UIs, respectively. These six elements are related to the first
six functionalities. The other functionalities are related to mapping models
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and supporting decision making when changes are necessary or have already
been done in such models; and related to regulating the rules that manage
the models. Rules are used in this platform to enable updating the meta-
models. Whenever the meta models are updated, rules that manage their
underlying models must be updated accordingly.

The use of this platform is done according to the methodology presented
in chapter 3 UI-Business Alignment Framework. While using the platform,
it is first needed to import the XML of a business process into the platform.
The business process is a model external to UsiXML and any other UIDL and
it can be created using any available process modeling tool. Most business
process modeling tools are able to export their models into an XML format,
which is appropriate to interchange information and communicate with other
tools or systems.

When the models are imported into the platform (or even created within
it), it is time for associating the models. One way to associate the models
is done by business analysts requesting the generation of a task model. The
transformation of business process models into task models is done through
the mappings between the models, as presented in section 3.2.3, which are the
foundation for a set of rules, to be presented in following sections. Their asso-
ciation is automatically created as the transformation is executed. However,
there is also the scenario in which transformations between models are not
performed; rather models are manually created, thus, making it necessary to
make manual mappings between them. After an initial transformation, the
generated task model can go under refinements to improve the specification
of the user interaction. UI components are listed based on the screens of the
enterprise systems for the selected process and manually associated with UI
tasks using a drag-and-drop technique. Based on this overall specification of
the platform, the list of functionalities is presented as follows:

Import Business Process - Import the business process diagram from
business process modeling tools that provides the possibility to exchange
models through the use of standards. A tool that allows exporting business
process diagrams into the XML format enables interoperability with our plat-
form. The traceability life cycle starts when the business process diagram is
imported into our tool and can be viewed in the tab in the platform allocated
to present the business process, which shows the processes, sub-processes and
tasks organized in a hierarchical structure. This functionality represents the
foundation for the alignment because the business process model is one of
the starting points of the alignment.

Generate Task Model - A business process model is transformed into
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a task model by applying rules using as foundation the association of ele-
ments from business process and task models. Mapping these two models
is possible through semi-automatic transformation of business process into
task model. The generated task model is presented in a task model tab with
different views: a hierarchical view similar to the business process model;
and a graphical view that allows updating the task model with a user point
of view.

List organizations - Identifying the organization and its sub-divisions
where the framework is being applied, including units, departments, etc.

List systems - When specifying UI components, the system(s) in which
the UI components are allocated must be specified. This functionality is
important when the organization has several systems (e.g. billing, loans,
payments, investments, and insurance) that should be specified to facilitate
identifying where the UI components are located.

List UI components - UI components are listed according to how the
system is structured or is to be structured, keeping consistency with the task
models. The different UI components can be listed manually as in Figure
4.1.

Figure 4.1: Prototype of the List of UI Components
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List users - List the users of the systems. Any change on the business
process models impact the way these users do their work, and consequently
how the users interact with the updated systems’ UIs.

Associate UI tasks with UI components - Creation of manual map-
pings between task models and UI components to create the network of links.
Each UI component that has been listed is associated with a UI task in the
task model by dragging the UI component and dropping it in the desired UI
task.

Impact analysis - When any element is selected from either a busi-
ness process model, task model, UI components, it is possible to see, for the
selected element, which are the related elements on the other models that
would be impacted if a change is to be made on the selected element. The
traceability between these models is demonstrated by navigating in the net-
work of links, so when a node in a model is selected, the traceability lists
what is related to it in the other models.

Figure 4.2 depicts, on the left of the platform, the business process shown
in a tree structure, where one activity is selected. On the middle, there is
the task model with impacted UI tasks marked with a different color. On
the right, there are the impacted UI components marked with a different
color. This trace is created through the mappings between the models. This
functionality provides clear visualization of information needed to make an
impact analysis and decide whether or not a specific change will be made.

Figure 4.2: Prototype of the Impact Analysis

Generate impact report - A change can be performed on: a) the
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business process model, which is detected as a new version of this model is
imported; b) the task model, which is done directly on the task model; c) the
UI components, importing a new list of components or manually changing
the components. Each detected change in any of the models is subject to
analysis and approval. When a change is done in any of these models, a set
of rules are executed in order to generate an impact report that serves as
a support for decision-making. After the impact analysis is seen in Figure
4.2, the impact report lists all the elements on these models that have been
impacted by the changes and the proposed changes, which can be applied
directly or with a confirmation of the decision-makers. This functionality is
primordial as a direction towards actions that need to be taken to maintain
UI-Business alignment after changes have been done on any of the models.

Manage rules - The rules are defined according to the impact of each
model element on the network of links. Given that, there is a set of rules
for each model element. New rules can be created or existing rules can be
updated according to the structure of the models (meta model) adopted by
the organization.

4.3 Rule-Based Model Management

An expert system approach based on production rules provides flexibility to
the platform since it enables updating the rules whenever there is a change
on how the models are structured and managed, without the need for direct
maintenance of the platform. This approach makes this framework adapt-
able to different organizational contexts by accepting that organizations may
adapt their strategies to model processes and design user interfaces.

Rules support a rich representation of first-order logic to describe gen-
eral knowledge about a certain domain [103]. The domain has a knowledge
representation, whose elements are linked through formal symbols to com-
pose rules as a collection of propositions [14]. To define the knowledge of
an expert system, it is necessary to specify the objects that are important
to the domain, the properties of these objects and the relationships among
them, and assertions about these objects, composing a working memory that
is constantly changing during the operation of the system [14]. The format
of our working memory is a graph with links among the model elements,
forming the network of links. Working memory elements are objects, that
is, instances of these model elements. These objects are of different types,
represented by the entities of the models, such as BP activities, UI tasks, UI
components, among others depicted in the class diagram in Figure 3.3.
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The rules are created using these entities and they adapt to different or-
ganizational context that adopt different ways to represent the structure of
their business, task and UI models. Once rules are adapted to the organiza-
tional context, they can be applied in any application domain, as it has been
demonstrated already in the bank and telecommunications sectors as two
examples of domains. Because the way models are structured and managed
might change in different business domains, rules bring more flexibility to the
platform. However, it is important to point out that these rules differ from
business rules that are representations of the logic of business operations.
The rules hereby defined regulate changes on the models.

These rules have been defined based on the links between the models,
according to the model mappings presented in Section 3.2.3 Model Map-
ping. For each object updated in a BP model, there is a rule that verifies
if it has a related object in the task model and creates it, when necessary;
the same happens from task models to UI components and backwards. Ac-
cording to the Query/Views/Transformations from the Object Management
Group (OMG), traceability relationships between model elements involved
in a transformation are created implicitly, hence, changes to a source model
may be propagated to a target model by re-executing the transformation
[76]. To support this, Model-driven development provides the traceability
opportunity facilitating the creation and maintenance of relationships be-
tween models [2].

The basic properties of transformation rules are [55]: tunability, the possi-
bility to adapt the transformation by parameters; traceability, the possibility
to trace one element in the target model back to its causing element in the
source model; incremental consistency, information added manually to the
target model is not overwritten if the transformation is executed again (e.g.
after the model is updated); bidirectionality, transformation applied from
source to target and vice-versa.

As a contribution for this research work, we have defined a set of rules
applied throughout the UI-Business alignment framework that adheres to
these properties [117]. Figure 4.3 depicts the execution of the rules in the
three main approaches: forward, backward and middle-out.

In the forward approach, when changes are made in the forward approach,
rules are executed from the business process to the task model, persisting the
changes on the task model, even if the task model does not yet exist, thus
deriving a task model from the business process. Then, the rules are executed
from the task model to the UI model, persisting the changes on the latter,
assuming the UI model has been created beforehand.
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Figure 4.3: Automation of the Framework

In the backward approach, rules are executed from the UI model to the
task model, persisting the changes on the task model, assuming the task
model has been created beforehand. Then, the rules are executed from the
task model to the business process, persisting the changes on the latter, even
if the business process model does not yet exist, thus deriving a business
process from the task model.

In the middle-out approach, the rules are executed from the task model to
the business process, persisting the changes on the latter, even if the business
process model does not yet exist, thus deriving a business process from the
task model. Then, the rules are executed from the task model to the UI
model, persisting the changes on the latter, assuming the UI model has been
created beforehand. There are no rules specified from the UI model to the
actual UIs of systems. There is a synchronization to indicate what has to be
updated in the UIs directly by UI designers. The set of rules defined here are
seen as sufficient for the goal of maintaining consistency between the models
because they consider the entities existing in the meta models. They are no
longer consider as sufficient when the meta-models are updated. Thus, new
rules can be created and existing ones can be updated when any meta model
is changed.

The rules specified here follow the general format of production rules with
a two-part structure with an antecedent set of conditions and a consequent
set of actions, according to [14]:

IF conditions THEN actions

The body of the condition is a tuple of this form:

(type attribute1: specification1 ... attributek: specificationk)
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where a specification is one of the following: an atom, a variable, an
evaluable expression, a test, the conjunction, disjunction, or negation of a
specification.

The possible actions in the consequence part of the rule are: ADD (i.e.
a new object is added in the working memory); REMOVE i (i.e. remove
from the working memory the object that matched the i-th condition in the
antecedent of the rule); MODIFY i (i.e. modify the object that matched the
i-th condition in the antecedent of the rule by replacing its current value of
attribute by the specification).

To perform these actions, it is necessary to verify if the object matches
specific conditions. For that, there are three main conditions that are checked,
which are if the object has been recently created, updated or deleted. The
object is understood as recently created when the id is empty, which means
that an object exists but still does not have its id persisted. The object is
understood as updated when the id is different from empty, which means that
the object already exists with a valid id. The object is understood as deleted
when the id is null, which means that the object does not exist anymore.

An example of a rule is presented as follows, which verifies if there is an
object of type activity that has been recently created (i.e. with an empty
id), then add to the working memory an object of type UITask.

IF (activity id: {= ∅}) THEN ADD (uiTask)

The execution of these rules follows a cycle of three steps [14] that uses
the rules from a rule catalog, as follows:

• recognize: find the rules whose conditions are satisfied in the current
working memory (e.g. rules for a BP activity);

• resolve conflict : among these rules recognized in the first step, choose
the one that should be executed (e.g. rules that process the addition
of a new BP activity that is not yet related to any UI task);

• act : perform the consequent actions of the rules selected in the second
step to change the working memory (e.g. add the new UI task for this
added BP activity).

For each entity of the models, there is a set of rules that verifies the
integrity of the models when an event happens on any object. An event
is any action that changes the state of the object, such as create, update,
delete, and other types of operations performed in the models, as listed in
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Table 4.1. Performing an event on any given object triggers the execution
of rules for that object. Performing an operation on multiple objects means
that there is one event for each operation, thus, the set of rules are triggered
for each updated object. For instance, adding ten BP activities in the BP
model means that there are ten different events that trigger rules related to
BP activities ten times.

For the rules to be executed, a working memory is created and the object
being handled is passed to the working memory, along with other objects
related to the handled object. The rules are executed when changes are
made on the objects of a specific entity, and as each object is tested, if
the condition is true, the rule is processed. Processing these rules means
changing another type of object that triggers the execution of rules for that
entity. This cycle continues until the conditions tested in the rules are false,
which means that the models are supposed to be consistent at this point.
These rules are organized by entity because any change in an object requires
verifying the integrity of the entire network of links.

To exemplify the execution of rules for an event that happened in a BP
activity, consider an event that changes the name of a BP activity; this event
triggers the rule set for the entity BP activity that checks the conditions of
all rules. The working memory receives instances of the updated BP activity
and all instances of UI tasks related to this BP activity. For those rules
concerning the change of the object’s name, these rules are executed, thus
changing the name of UI tasks associated to the updated BP activity. The
change on a UI task is an event that triggers the rule set for UI tasks; the rules
addressing the conditions are tested and executed, thus changing the name
of UI components associated to the updated UI task. The change on a screen
element is another event that triggers the rule set for Screen Elements and
the rules addressing the conditions are tested. At this point, this updated
screen element might have an impact on another UI task; which changes this
UI task that triggers the rule set for UI tasks, continuing the cycle. However,
the test results may be false, which means the network of links is consistent
and the rule execution stops.

For each event triggered, the condition in the rules should be complete
enough to help in resolving conflicts and also to avoid repeating the execution
of the same rule more than once, which brings more agility to the process
of propagating changes and maintaining consistency among the models. An-
other aspect that makes the conditions stronger is verifying if the object is
not yet related to objects in the other models since, for instance, when a new
BP activity is added, the assertion is that a UI task still needs to be created
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and associated to this BP activity. For that reason, the condition also ver-
ifies if this newly-added BP activity does not yet have a UI task related to
it, before adding a new UI task.

These events are classified in operations that represent actions performed
on any model element. Actions on BP elements result on actions that must
be executed on task models and then on UI components, as listed in Table
4.1. The intent is to consider different types of operations that can change
these elements and execute the existing rules at design time to maintain the
alignment, exemplified with one rule for each operation.

The rules have been assessed through the association of: BPMN core el-
ements (e.g. flow objects, connecting objects, artifacts, swimlanes) with UI
task relationships (e.g. associate sequence flow with enabling); BP activity
attributes with UI task properties (e.g. associate conditional flow with op-
tional task); and process task type with UI task type (e.g. associate user task
with interactive task), as presented in section 3.2.3. Such an assessment en-
abled the identification of similarities in the semantics of these two notations
and the different aspects that may indicate a prospective need of adaptation
in one of them. For example, a Data-Based Exclusive Gateway represents
that only one of the various paths can be taken and it can be represented
as a deterministic choice between UI tasks, but for this representation to be
complete, it is necessary to allocate a condition for each target UI task in the
task model, not only a condition in the relationship between two UI tasks
because each target activity in a gateway can have a different condition. In
addition, such associations depict a many-to-many mapping between BPMN
and task model elements as depicted in the association of both BPMN “sub-
processes” and “tasks” to “UI tasks” in the task model; and the association of
BPMN “sequence flow” to both “enabling” and “enabling with information
passing” in the task model, depending on the condition type of the sequence
flow; etc.

A fine-grained granularity level adopted when mapping the models ex-
presses details in the results of the impact analysis. These rules in the for-
ward approach result in changes on: task models, which represent an initial
version that is yet to be evolved by UI designers/ usability experts to consider
grouping UI tasks, detailing tasks relationships and defining specific UI tasks
that are intrinsic to user interaction; and UI components, which represent
an abstract structure of what needs to be created by UI designers. These
rules are not applied to automatically generate UIs since this methodology
considers that UI designers create UIs for enterprise systems, as argued in
Section 3.2.3. The result of these rules in the backward approach are changes
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Table 4.1: Classification of operations

Operation Definition Action on BP Change on
task model

Impact on UI
components

Add Include Create Create TM Create UI
element element element component

Delete Remove Remove Remove TM Remove UI
element element element component

Modify Change Change type Update TM Update UI
attributes of element element component
of element

Change name Change name Change name
of element of TM element of UI component

Order Arrange Change sequence Change sequence Change sequence
elements of activities of tasks of UI component

Merge Unite Remove Remove Remove
elements element TM element UI component

Change type Update Update
of element TM element UI component

Change name Change name Change name
of element of TM element of UI component

Split Divide or Change type Update Update
separate of element TM element UI component
elements

Change name Change name Change name
of element of TM element of UI component

Create Create Create
element TM element UI component

Decompose Separate into Create Create Create
constituent
elements

element TM element UI component
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on: task models, as specified in the previous approach; and business process
models that represent a version to be reviewed by business analysts consid-
ering business strategies and corporate goals. The result of these rules in the
middle-out approach are changes on: business process models that represent
a version to be reviewed by business analysts; and UI components, consid-
ered by UI designers as a list of proposed changes on the impacted UIs. With
these rules, we can analyze when a node is changed, what should be done
in the other models to maintain consistency (e.g. when a screen is deleted,
identify the related UI tasks and BP activity that are no longer supported).

There are many rule engines available on the market and open source
as well. Most of them can be embedded in applications, allowing them to
execute their own rules and get benefit from the decision-making features.
These rules have been written using the Drools rule language because of
various advantages of its a declarative style solution [8]:

Easier to understand: It is easier even for non-developers, such as a tech-
nically skilled business analyst to understand, verify and change rules
than to use a programming language code because of the rules consis-
tent representation.

Flexibility: Thanks to this formalism, it is much easier to add new rules,
modify or remove existing rules than to change or rewrite an applica-
tion.

Reasonable performance: The Rete algorithm that is behind Drools, in
theory, makes the performance of the system independent of the num-
ber of rules. Because a rule engine is essentially a generic if-then state-
ment executor, there are numerous performance optimizations that can
be applied independently of the rules.

Reusability: Rules are kept in one place, which means easier reusability.

Independent Lifecycle: With Drools, the rules can be authored, deployed,
versioned, managed, and so on, independently from the rest of the
application.

Embedability: Drools can be easily embedded into existing applications in
order to implement just a section of a system.

The Drools rule definition starts with the rule name; the condition and
consequence sections follow. Drools keywords are rule, when, then, and end.
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rule ‘‘name of rule’’

when

conditions

then

consequence;

end

The condition defines the patterns that the rule matches with. The con-
sequence is a block of code that is executed when all of the patterns within
the condition are matched.

The rule condition can declare variables of an Object type. The variable
name starts with a $ symbol, it can be declared up front to be used later in
the rule. The condition verifies if the Object field matches a certain value,
which can be of different types, such as predefined variable, string, regular
expression, date, boolean and more. A condition can have multiple field
constraints joined by additional keywords, such as an implicit and (i.e. a
comma), or, not, exists, etc.

$variable : Object (field1 == value1, fieldk == valuek)

In the rule consequence, Drools has convenience methods to be executed
as simple actions: modify: to update existing facts in the working mem-
ory; insert to insert new facts in the working memory; retract to remove
existing facts in the working memory.

Considering that each entity of the models has a set of rules that verifies
the integrity of the models when an event happens on any object, we add
the rule set name in the beginning of each rule definition. The rule set has
the name of the entity to which it is related. The name of the rule follows
this format: impact on <<element>> when <<operation>> <<element>>.

An example of a rule in the Drools rule language is presented as follows,
which verifies when there is an element of type activity that has just been
created (i.e. with a field id that is empty), then add to the working memory
an element of type UITask related to this activity.

ruleset ‘‘BP Activity’’

rule ‘‘impact on UITask when adding BP Activity’’

when

$activity: Activity(id == "")

then

insert(new UITask($activity));

end
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To make the rules understandable by a larger range of stakeholders in-
volved in managing the rules, it is productive to use human-readable rules
using Domain Specific Language (DSL) [56]. A DSL is a computer language
that is focused on a clearly definable problem domain, rather than a general
purpose language that is aimed at any kind of software problem. A DSL file
specifies the translation of sentences from the problem-specific terminology
into rules. In Drools, a DSL file maps DSLR sentence (human-readable rule)
to a DRL rule (rule in the Drools rule language). A simple DSLR file can
be written as follows to express when there is an element of type activity

that has just been created (i.e. with a field id that is empty), then add to
the working memory an element of type UITask related to this activity:

ruleset ‘‘BP Activity’’

rule ‘‘impact on UITask when adding BP Activity’’

when

The Activity does not have id

then

create UITask for activity;

end

The DSL file can be written as follows to map the sentences to the rules,
written in the following format:

[<scope>] [<Type>] <language expression> = <rule mapping>}:

[condition][] The Activity does not have id =

$activity: Activity(id == "")

[consequence][] Create UITask for activity =

insert(new UITask($activity));

To demonstrate how the alignment is achieved, the first rule is presented
both in natural language and in the Drools rule language for demonstration;
the other examples are presented using Drools human-readable language,
using DSLR for clarity. DSLR is useful to demonstrate an important reason
for using rules; which is that rules can be customized by the organization.
Therefore, the organization can update and create new rules according to
their approaches adopted for BP modeling, user experience, UI design, among
other aspects.

These rules are explained and exemplified using scenarios from the two
case studies. The scenarios from the bank sector are used for the forward
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and middle-out approaches and the scenarios from the telecommunications
industry are used for the middle-out and backward approaches, illustrated
in the following sub-sections.

4.3.1 Forward Approach

In the forward approach, we demonstrate how changes on BPs have impacts
on task models, and changes on task models have impacts on UI components.
For that, we use the context of customers requesting insurance contracts,
from the case study in the bank sector [112]. In this context, when aiming
to increase customer satisfaction and optimize the performance of enterprise
operations (with a more efficient service through faster responses), business
analysts decided to allow customers to follow the status of their requests
through an on-line system.

From Business Process to Task Model

Scenario - Follow request status: Business analysts suggest that cus-
tomers could follow their request status. In the BPs for insurance contracts,
in order to enable customers to follow the status of their requests for insur-
ance, business analysts have created a new sub-process called “Follow request
status”. This sub-process is composed of tasks informing that customers can
login into the insurance contract on-line system and then view the request
status.

For each of the newly created business tasks and their associations in the
sub-process, we look at a couple of elements that have been created. With
the creation of this new sub-process, mainly flow objects (e.g. tasks) and con-
necting objects (e.g. sequence flows) have been created. For these elements,
rules for FlowObject and Connecting Object, respectively, are executed to
create the equivalent elements in the task model.

For a BP sequence flow that is added, the working memory receives an
instance of the updated BP sequence flow and of task model elements related
to it. A set of rules related to BP sequence flow are triggered and its condi-
tions are tested. The rules that positively address the condition that verifies
if a sequence flow was created are executed, thus creating a new enabling
relationship in the task model.

To exemplify, the following rule is executed, which expressed in natural
language means that: “When a sequence flow is created in a BP, then it
results in creating an enabling relationship in the task model with the same
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information as set for the sequence flow (including which are the source and
target tasks linked to it)”:

ruleset ‘‘Sequence Flow’’

rule ‘‘impact on Enabling when creating BP Sequence Flow’’

when

$seqFlow: SequenceFlow(id == "")

then

insert(new Enabling($seqFlow);

modify($enabling){

$enabling.setSource($seqFlow.getSource())

$enabling.setTarget($seqFlow.getTarget())

};

end

Scenario - Request intervention: Business analysts suggest that bank
agents could enter intervention within the contract request. Business analysts
have also decided to improve the internal communication so the customer can
acknowledge the status updates more efficiently. They have decided that the
bank agents do not need to request interventions through a different form; it
is enough to enter the reasoning of the decisions within the insurance contract
request. The sub-processes “Evaluate need to intervene” is directly impacted
by this strategic decision.

The sub-process “Evaluate need to intervene” needs to have the BP task
“Enter applicant intervention” removed since there is no longer a specific
form for intervention requests. Figure 4.4 shows the deleted task from the
sub-process and its equivalent UI task in the task model that needs to be
deleted. This figure shows the task model evolved with an interactive task,
not relevant for the business process, but important for user interaction.
When the BP is changed and the task model is regenerated by executing the
rules, this extra UI task must remain to guarantee incremental consistency;
reason for adopting an incremental transformation approach [55], which up-
dates the changed elements with the newly generated ones, keeping the extra
elements and the unchanged elements untouched.

To delete this UI task and its relationships in the task model, rules for
the deleted elements (i.e. BP Task and BP Connecting Object) are triggered.
For a BP Task that is deleted, the working memory receives instance of the
deleted BP task and of the UI tasks related to it. A set of rules related to
BP task are triggered and its conditions are tested. The rules that positively
address the condition that verifies if a BP task was deleted are executed,
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thus deleting the related UI tasks in the task model. The following rule is
executed for a deleted BP Task:

Figure 4.4: Impact of deleted UI task on the task model

ruleset ‘‘Task’’

rule ‘‘impact on UITask when deleting BP Task’’

when

The Task has a null id

There is a related UITask

then

remove UITask;

end

Scenario - Enter intervention: Business analysts suggest that inspec-
tors could change a larger set of applicants’ data. The sub-process “Consider
intervention by inspector” has its tasks updated to allow inspectors to change
a larger set of applicants’ data, not just the value for the insurance premium.
This way, they can also change the type of insurance and the charged taxes
depending on the applicant’s income (Figure 4.5).

To add more detail in a BP task, it is necessary to modify it into a sub-
process. The updated information is sent to the working memory with the
instance of the BP sub-process and of the UI tasks related to it. A set of rules
related to BP sub-process are triggered and its conditions are tested. The
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rules that positively address the condition that verifies if a BP sub-process
has been modified are executed, thus updating the related UI tasks in the
task model from a simple task to a parent task composed of sub-tasks with
the same ones contained in the sub-process. The following rule is executed
for an updated BP Task:

ruleset ‘‘SubProcess’’

rule ‘‘impact on UITask when updating BP SubProcess’’

when

The SubProcess has an existing id and

The UITask does not have subTasks

then

modify UITask to create subTasks

with subActivities from SubProcess;

end

Scenario - View intervention requests: Business analysts suggest
that inspectors could see all incoming intervention requests with access to de-
tailed applicants’ data. Since inspectors have access to change a larger set of
applicants’ data, they also need an easier access to detailed applicants’ data.
To enable this, the sub-process “Consider intervention by inspector” is up-
dated to allow inspectors to view more detailed information of the applicant
and insurance (e.g. applicant name, data file, insurance file and date of re-
quest) for every new intervention that arrives without the need to previously
search for it. Figure 4.5 depicts the tasks updated in a new sequence and its
equivalent updated UI tasks in the task model.

To change the sequence of BP activities, the main object that is impacted
is the BP Connecting Object because it makes a reference to the source and
target activities related to it. In this case, the connecting object that is being
used is the sequence flow. Thus, rules for BP Sequence Flow are triggered.

For a BP Sequence flow that is updated, the working memory receives
an instance of the updated BP sequence flow and of the UI task relationship
related to it. A set of rules related to BP sequence flow are triggered and its
conditions are tested. The rules that positively address the condition that
verifies if a BP sequence flow is modified are executed, thus updating the
related UI task relationships in the task model with a new source and target
tasks. The following rule is executed for an updated Sequence Flow:
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Figure 4.5: Impact of updated UI tasks on the task model

ruleset ‘‘Sequence Flow’’

rule ‘‘impact on Enabling when updating BP Sequence Flow’’

when

The SequenceFlow has an existing id and

The Enabling relationship has source and

target UITasks different from the SequenceFlow

then

modify Enabling to update source and target UITasks

with source and target tasks from SequenceFlow;

end

From Task Model to User Interface Model

For elements changed on task models, there are possible impacts on UI com-
ponents, which should be updated accordingly. When rules are executed to
maintain consistency in the models, updated UI components represent ad-
vices of possible changes to be done on UIs by UI designers/usability experts.

Scenario - Request intervention: Business analysts suggest that bank
agents could enter intervention within the contract request. Continuing this
scenario, for the UI task “Evaluate need to intervene”, when the UI task
‘Enter applicant for intervention’ and its relationships in the task model
were deleted, the screen ‘Enter Intervention’ and screen element ‘Request
intervention’ also had to be deleted.

When the UI task and its relationships are deleted, rules for UI Task
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and UI Task relationships are triggered. For a UI Task that is deleted, the
working memory receives the instance of the deleted UI task and of the UI
components related to it. A set of rules related to UI tasks are triggered and
its conditions are tested. The rules that positively address the condition that
verifies if a UI task was deleted are executed, thus deleting the related screen
and screen element. The following rule is executed for a deleted UI task:

ruleset ‘‘UITask’’

rule ‘‘impact on Screen when deleting UI Task’’

when

The UI Task has a null id and

There is a Screen related to it

then

remove Screen;

end

An important aspect is to consider the element that calls this removed
screen. The screen element “Request intervention” is a button on the pre-
vious screen “File Closure” that calls the screen “Enter intervention”. This
screen element is associated to the enabling relationship of the deleted UI
task “Enter applicant for intervention”. Therefore, since the relationship is
deleted, this screen element is also removed through the following rule. This
rule guarantees that if there are any elements out of the deleted screen, but
that are also associated to the deleted UI tasks and its relationships, that
they will also be removed so there is no broken links on the UIs.

ruleset ‘‘Enabling’’

rule ‘‘impact on Screen Element when deleting Enabling’’

when

The Enabling has a null id and

There is a Screen Element related to it

then

remove Screen Element;

end

Scenario - Enter intervention: Business analysts suggest that inspec-
tors could change a larger set of applicants’ data. Continuing this scenario,
when a single UI task was changed into a parent task, it still had just a screen
element related to it and it needed a screen composed of screen elements in
order to support the new sub-tasks.
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The updated information is sent to the working memory with the instance
of the UI task and of its related sub-tasks and screen element. A set of rules
related to UI tasks are triggered and its conditions are tested. In this case, we
search for a rule that satisfies the conditions of an updated UI task with sub-
tasks that only has a screen element related to it. The rule that positively
address this condition is executed, thus creating a new screen (i.e. screen
Change Financial data) with screen elements using the names of the new
sub-tasks (e.g. Change product, Change tax). The following rule is executed
for an updated UI task:

ruleset ‘‘UITask’’

rule ‘‘impact on Screen when updating UI Task’’

when

The UITask has an existing id and has subTasks and

There is a ScreenElement related to it

then

create Screen for the UITask;

modify Screen to create ScreenElements

with subTasks from UITask;

end

Scenario - View intervention requests: Business analysts suggest
that inspectors could see all incoming intervention requests with access to
detailed applicants’ data. Continuing this scenario, for the UI task “Consider
intervention by inspector”, inspectors view all incoming requests then decide
to either search for a specific applicant or directly change the data of an
applicant among the incoming requests. In this scenario, the order of UI
tasks has been changed. Figure 4.6 depicts the updated UI tasks and its
equivalent updated UI.

Changing the sequence of UI tasks, the main object that is impacted is
the UI Task relationship because it makes a reference to its related source and
target UI tasks. For an Enabling relationship that is updated, the working
memory receives an instance of the updated relationship and of its related
UI components. A set of rules for the Enabling relationship is triggered and
the rules that positively address the condition that verifies if an Enabling
relationship is modified are executed since the order of two UI tasks (i.e.
‘Viewing incoming requests’ and ‘Search for applicant’) has been changed,
thus updating the UI components related to these UI tasks (i.e. two screen
fragments ‘View incoming requests’ and ‘Search for applicant’). The follow-
ing rule is executed for an updated enabling relationship:

120



4.3. RULE-BASED MODEL MANAGEMENT

Figure 4.6: Impact of updated UI tasks on UI

ruleset ‘‘Enabling’’

rule ‘‘impact on Screen Fragments when updating Enabling’’

when

The Enabling relationship has an existing id and

The ScreenFragment has source and target

UITasks different from the Enabling relationship

then

modify ScreenFragment to update source and target relations

with source and target UITasks from Enabling;

end

To summarize with a general overview of changes, the process ‘Closure’
was updated to provide transparent information for customers and more pro-
ductivity with internal communication. This change has resulted in updating
four sub-processes for a core product in the bank. Changes on these sub-
processes were processed in the task models that were adequately evolved to
consider the user interaction. The updated task models were then processed
in order to indicate exactly which UIs components (linked to UI tasks) were
impacted from such changes.

The impact analysis resulted in suggesting the following changes:

From the Scenario Request intervention: 1) The screen ‘File Closure’ has
now a new screen fragment ‘intervention’ composed of two screen elements
to allow bank agents to inform the reason and to do the request in the same
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screen, therefore; 2) There is no need for the screen ‘Enter Intervention’ with
a specific form that added bureaucracy;

From the Scenario View intervention requests: 3) In the screen ‘Consider
Intervention’, its screen fragments were updated by changing their order.

From the Scenario Enter intervention: 4) The screen ‘Change data’ is
created because it is needed to support the new screen elements that gave
more flexibility to inspectors; and

From the Scenario Follow request status: 5) The screen ‘Follow Request’
was created in the insurance contract on-line system to allow customers to
follow the status of their requests;

4.3.2 Middle-Out Approach

The middle-out approach adds another level of flexibility when using this
framework because it enables stakeholders to suggest improvements in terms
of user experience. In this approach, the impact analysis starts with the
analysis of UI tasks and shows the impacts on the business processes and
UIs. This approach analyzes if the envisioned improvements in terms of user
experience can be applied according to the business expectations and UI
design decisions.

There are two scenarios presented in the middle-out approach. The first
scenario is from the bank sector and the second one is from the telecommu-
nications industry.

Scenario - Request second review: Usability experts suggest that
customers could request a second review of their insurance request. In the
bank context, after some weeks testing the updated systems, usability experts
suggested changes on UI tasks. One suggestion was to enable customers to
request a second review and send extra documentation (e.g. work contract,
bank statement, salary statement) to prove specific financial data in order to
improve the type of insurance they may receive.

To address this request, they suggested adding a UI task related to man-
aging insurance requests. Once this UI task is added, the working memory
receives an instance of the new UI task and of UI components related to it.
A set of rules related to UI tasks are triggered and the rules that positively
address the condition that verifies if a UI task was recently created (e.g.
‘Request Second Opinion’) are executed, thus creating a screen for this new
UI task (i.e. Screen ‘Request Second Opinion’) with the execution of the
following rule:
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ruleset ‘‘UITask’’

rule ‘‘impact on Screen when creating UI Task’’

when

The UITask has an empty id and has sub-tasks

then

create Screen;

end

Once the UI components have been updated, the BPs are also updated
accordingly. For each added UI task in the task model, rules were also
executed to add the equivalent BP activities.

ruleset ‘‘UITask’’

rule ‘‘impact on Sub Process when creating UI Task’’

when

The UITask has an empty id and has subTasks

then

create SubProcess;

end

There are though some situations in which one task model element is
mapped to several BP elements because of the many-to-many nature of the
mappings. For instance, if two sub-tasks are first linked with ‘Concurrency’
relationship, then this operator is changed to an ‘Enabling’ relationship in the
task model; the consequent change in the UI is that the updated UI should
reflect the sequence by organizing the related UI components in two screens or
in two screen fragments that are navigable as a wizard, depending on the style
guide adopted by the organization. For this same example, the consequent
change in the BP can be one of the following options: sequence flow, default
sequence flow, message flow, association and directional association. As a
solution, one of them is selected as default and used in the rules to execute
the transformation, and then business analysts may review the resulting BP
to make any necessary updates. This highlights the importance of using
rules that can be customized by the organization according to their modeling
approach, style guide, and other corporate choices.

Scenario - Products with multiple sites: Usability experts suggest
that users could group licenses of customers with multiple sites to better see
where the product is installed. In the telecommunications context, the se-
lected business process to represent the middle-out approach is the provi-
sioning of the Integrated Telephony Solution (ITS) products of the enterprise
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Voice over IP (eVoIP) solution for large enterprises that want to integrate
their data and voice traffics on the same data network. This scenario treats
the category of products that are determined by the number of sites (location
of customer’s installation addresses) that can be provisioned.

Products installed in enterprise customers with multiple sites were pre-
viously associated with a one-way connection. However, it was not possible
from a specific customer site to determine neither the main customer site nor
the other sites that belong to the same customer. Therefore, the usability
experts proposed users first to create a group of licenses before ordering the
requested products. This group of licenses creates a two-way connection be-
tween the group and the customer sites that facilitates identifying in which
sites the customer has the product installed.

This scenario requires splitting the UI task ‘Provision eVoIP’ in two UI
tasks: ‘Introduce client group’ and ‘Introduce products’ (Figure 4.7). This
change leads to splitting the screens in two different screen groups and the
sub-process in two sub-processes.

Figure 4.7: Scenario Products with multiple sites

Splitting UI tasks, new UI tasks are created to reorganize the split sub-
tasks. For the new UI tasks that are created, the working memory receives
instances of the new UI tasks and of its related UI components and related
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BP Tasks. The conditions that are verified in this case are: if there is a new
UI task with sub-tasks that are related to screens, but this new UI task is
not related to a screen group. A set of rules related to UI tasks are triggered
and the rule that positively address this condition is executed, thus creating
a new screen group for this new UI task and associating it with the screens
related to the existing UI sub-tasks.

ruleset ‘‘UITask’’

rule ‘‘impact on Screen Group when splitting UI Task’’

when

The UITask has an empty id and has subTasks

The ScreenGroup has a null id

then

create ScreenGroup for the UITask;

modify this ScreenGroup with the association of

the screens related to the subTasks;

end

Once the UI components have been updated, the BPs are also updated
accordingly. For each added UI task in the task model, rules were also
executed to add the equivalent BP activities.

ruleset ‘‘UITask’’

rule ‘‘impact on Sub Process when splitting UI Task’’

when

The UITask has an empty id

The SubProcess has a null id

then

create SubProcess for the UITask;

modify this SubProcess with the association of

the UITasks related to the subTasks;

end

4.3.3 Backward Approach

The UI-Business alignment framework also adheres to the property of bidi-
rectionality, which means that the transformation can be applied not only
from source to target but also backwards from target to source [55]. The
backward approach is applied when users of enterprise systems suggest im-
provements on UIs or point out issues that interfere with the progress of
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their work. This opens a new channel for business process improvement that
can start with actual users (bank employees using the system at the bank
agency or customers using electronic system on the web at home) who aid
to increase productivity within the organization.

The selected business process to represent the backward approach is the
provisioning of the Integrated Telephony Solution (ITS) products of the en-
terprise Voice over IP (eVoIP) solution for large enterprises that want to
integrate their data and voice traffics on the same data network. This is the
same process used for the middle-out approach, but in this case, we consider
two categories of products that are determined by the quantity of dialing
numbers (number of the physical phones) that the customer requires and by
the number of sites (location of customer’s installation addresses) that can
be provisioned. Each number may be associated to a package that represents
voice service packages, such as call center, auto-attendant, receptionist, etc.

Figure 4.8: Repeated User Interfaces to Configure Numbers

Scenario - Configure numbers. Users suggest to be able to select voice
service packages in only one screen. During tests sessions, users complained
about doing twice the same thing on different UIs (Figure 4.8). On the
first screen, they have to choose the voice service packages for each dialing
number, and on the other screen, they have to check if the service packages
previously chosen remain the same after the attribution of real numbers to
the selected products. The change proposed is to merge these two UIs in one
screen that is more productive to users.

The UIs that are similar are called ‘Negotiate features’ and the ‘Update
features’. Merging these UIs is done by selecting the most relevant UI com-
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ponents. This will decrease the number of UI tasks, which have to be deleted
from the task model, and to be consistent, the related activities in the BP
will be deleted as well (Figure 4.9).

When two screens are merged, what happens is that a new screen is
created with existing content. The working memory receives an instance of
the new screen, of its pre-existing screen fragments and the UI tasks related
to these screen fragments. The conditions that are verified in this case are: if
there is a new screen with screen fragments, and this screen is not yet related
to any UI Task, but its screen fragments are already related to UITasks. A
set of rules related to Screen are triggered and the rule that positively address
this condition is executed. The execution of this rule creates a new UI task
for this screen and creates sub-tasks for this UITask using the information
from the screen fragments.

Figure 4.9: Scenario Configure Numbers

ruleset ‘‘Screen’’

rule ‘‘impact on UI Task when merging Screens’’

when

The Screen has an empty id and does not have related UITasks

The ScreenFragments have related UITasks

then

create UITask for the Screen;

modify this UITask with the association with sub-tasks

related to the ScreenFragment;

end

To delete the screens that have been merged, since a new screen is already
substituting them, the working memory receives the instance of the deleted
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screen and of the UI tasks related to it. A set of rules related to screens are
triggered and the rules that positively address the condition that verifies if
a screen with related UI tasks was deleted are executed, thus deleting the
related UI tasks through the following rule :

ruleset ‘‘Screen’’

rule ‘‘impact on UI Task when deleting Screen’’

when

The Screen has a null id and

There is an existing UITask

then

remove UITask;

end

Scenario - Licenses overview. Users suggest to be able to see the
overview of available licenses for the customer as they request the customer
product. When negotiating the features of product for customers with mul-
tiple sites, the information of licenses available for that customer does not
appear on the screen and users have to remember the types of licenses and
the quantities they have previously introduced in the group of licenses.

Figure 4.10: Scenario Licenses Overview

As a result, it is necessary to first check (and update) the group of licenses
before provisioning the products. Most users forget and end up with an error
message that they do not understand (for instance, the error message does
not explain that more licenses are required for that specific group of licenses),
which stops the process. Some users remember that they have to check the
licenses; they navigate through five UIs, select each type of license to see the
quantity ordered and write the information on a piece of paper; which is error-
prone as well as a loss of time and efficiency. Introducing a product lasts, on
average, twenty minutes; therefore taking into account such a scenario would
decrease the time and increase the efficiency of users.
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Adding a new screen fragment will create new UI tasks to view licenses
information, but will not impact the BP (Figure 4.10). In this case, the
change is done until the task model because it is only persistent to user
interaction, which is not modeled in the BP.

For a new screen fragment that is added, the working memory receives
instance of the new screen fragment and of its related UI components and UI
tasks. A set of rules related to Screen Fragment are triggered and the rule
that positively address the condition that a new screen fragment has been
added in an existing screen is executed. This rule creates a new UI task for
this screen fragment and creates its parent task related to the UI Task of its
screen:

ruleset ‘‘Screen Fragment’’

rule ‘‘impact on UI Task when creating Screen Fragment’’

when

The Screen has an existing id and has related UITask

The ScreenFragment has an empty id

then

create UITask for the ScreenFragment;

modify this UITask with the association of

the parent task related to the Screen;

end

The same happens with each screen element created within this new frag-
ment with the execution of a rule that positively address the condition that
a new screen element has been added in an existing screen fragment. This
rule creates a new UI task for this screen element and creates its parent task
related to the UI Task of its Screen Fragment:

ruleset ‘‘Screen Element’’

rule ‘‘impact on UI Task when creating Screen Element’’

when

The ScreenFragment has an existing id and has related UITask

The ScreenElement has an empty id

then

create UITask for the ScreenElement;

modify this UITask with the creation of

the parent task related to the ScreenFragment;

end

The resulting UI to ‘Negotiate features’ including the proposed change
supports the user with relevant information about the licenses. To achieve
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that, a new screen fragment is added on the bottom left of the screen and
new UI Tasks are created to support it (Figure 4.11).

Figure 4.11: Suggested UI for License Overview

4.4 Software Analysis and Design

This section presents the result of the analysis of the software platform for
the UI-Business Alignment Framework by depicting the structure of the soft-
ware with a class diagram and the behavior of the software with an activity
diagram using UML (Unified Modeling Language) models [30].

4.4.1 Software Structure

The structure of the software depicts what must be in the software being
modeled and the UML class diagram is a static structure diagram that shows
the classes, their attributes and the relationships among the classes [30].

The platform structure is presented in class diagrams, organized in four
packages: Core, Process, Task and UI. This division is according to the main
concepts of the framework, defined in Section 3.2.2 Meta Models.
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Figure 4.12: Core Package

The Core package contains two central elements:

• Organization - the organization entity that is composed of systems.

• System - the system entity that is composed of UI components.

• EndUser - the end users who use systems.

• Person - people who work with systems in the organization.

• Business Analyst - a person in the organization responsible for business
processes.

The BP package is based on BPMN specification [87] and contains:

• BusinessProcess - the business processes of an organization.

• FlowObject - the elements that define the behavior of a business process.

• Activity - the work done in an organization as part of a Business Pro-
cess.

• SubProcess - compound activities in a Business Process.

• Task - atomic activities in a Business Process.
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Figure 4.13: Business Process Package

• ConnectingObject - the ways to connect Flow Objects to each other.

• Association - the association of information with Flow Objects.

• SequenceFlow - the order in which activities will be performed in a
Business Process.

• MessageFlow - the flow of messages between two swimlanes in a Busi-
ness Process.

• Event - the events that happen during a Business Process.

• Start - the start event that indicates where a particular Business Pro-
cess will start.

• Intermediate - the intermediate event that indicates where an Event
happens somewhere between the Start and End of a Business Process.
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• End - the end event that indicates where a particular Business Process
will end.

• Gateway - the elements to control the flow of Connecting Objects.

• Inclusive - the inclusive gateway used as a branching point.

• Parallel - the parallel gateway used to create a parallel flow.

• Exclusive - the exclusive gateway used to create alternative paths.

• Data-Based - the data-based exclusive gateway that uses the values of
process data to determine which path should be taken.

• Event-Based - the event-based exclusive gateway where the alternatives
are based on events that occur at that point in the Business Process.

• Complex - complex gateways used in situations that cannot be handled
by other gateways.

• Swimlane - the elements that partition and organize activities in pro-
cess participants.

The Task package contains:

• Task Model - the task model composed of UI Tasks.

• UITask - UI Tasks that are organized hierarchically from a parent task
and decomposed in sub tasks.

• UITaskRelationship - the relationships between UI Tasks.

• Enabling - the enabling relationship between UI Tasks, which represents
a sequential flow.

• EnablingInfo - the enabling with information passing relationship be-
tween UI Tasks, which represents a sequential flow that passes infor-
mation from one task to the next.

• Disabling - the disabling relationship between UI Tasks, which repre-
sents an interruption in the flow of tasks.

• SuspendResume - the suspend / resume relationship between UI Tasks,
which represents a momentary interruption in the flow of tasks.
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• OrderIndependence - the order independence relationship between UI
Tasks, which represents the execution of independent tasks.

• DeterministicChoice - the deterministic choice relationship between UI
Tasks, which represents a branching point in the flow of tasks.

• Concurrency - the concurrency relationship between UI Tasks, which
represents a parallel flow of tasks.

• ConcurrencyInfo - the concurrency with information passing relation-
ship between UI Tasks, which represents a parallel flow that passes
information between tasks.

• UITaskDecomposition - the decomposition of UI Tasks in sub-tasks.

• FlowObjectUITask - the mapping between UI tasks and BP elements.

Figure 4.14: Task Model Package

The UI package contains:

• UserInteraction - the interaction between end users and UI compo-
nents.

• UIComponent - the different types of components in UIs.
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• UIComponentRelationship - the relationships between UI components.

• ComposableUIComponent - the different types of UI components that
can be subdivided in smaller parts.

• ScreenGroup - a group of closely related screens.

• Screen - a class that represents screens.

• ScreenFragment - the fragments of screens that contains related ele-
ments.

• ScreenElement - atomic elements in screens and screen fragments.

• UIComponentType - the different types of UI components.

• ScreenType - the different types of screens.

• ScreenFragmentType - the different types of screen fragments.

• ScreenElementType - the different types of screen elements.

• UIComponentUITask - the mapping between UI components and UI
tasks.

Figure 4.15: User Interface Package
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4.4.2 Software Behavior

The behavior of the platform is based on the methodology; accordingly, this
platform can be used by different stakeholders, depending on their goal within
the organization. To support the creation of the network of links in the
forward approach, each stakeholder has a specific role.

Business analyst - When business analysts either create a new business
process or update an existing one, they import the business process model
into the platform as a starting point to create the network in the forward
approach. Once this is done, the task model is automatically created based
on the imported business process.

Usability expert - Once a first version of the task model has been automat-
ically created, most of the repetitious work is done and usability experts can
focus on reviewing it and adding UI tasks that represent the user interaction.

UI designer - As the usability expert is working on the task model, the UI
designer lists: the systems used to perform this business process, the users
of these systems, and the UI components of each system. The level of detail
given to the list of UI components depends on the level of detail expected
for the result of the impact analysis. Once all these elements are listed and
the usability expert finished updating the task model, the UI designer can
associate the UI tasks with the listed UI components.

Operation Manager - When the network of links is created, the operation
manager can request an impact analysis concerning a specific change that
he/she prospects. When the operation manager, views the result of the
impact analysis with the list of suggested changes, he/she can make a solid
decision.
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Figure 4.16: Software Behavior

The main functionalities presented in the process of the software behavior
are listed as follows:

1. Export the business process XML from a BP tool and import it into
the UI-Business Alignment Platform;

2. Request the generation of task models based on the BP;

3. Refine the generated task models by updating UI tasks and relation-
ships;

4. List systems used to perform this business process;

5. List UI components based on task models;

6. List system users;

7. Associate UI tasks with UI components;

8. Request impact analysis;

9. View impact report.

137



4.5. CONCLUSION

This scenario is an illustration of the software behavior for the creation of
the network of links and impact analysis in the forward approach. The other
actions of the methodology (presented in Section 3.3.2) are also supported by
the platform. And the use of the roles allocated to the functionalities depict
suggestions, it does not represent any restriction in the use of the platform.

4.5 Conclusion

This chapter presented the UI-Business Alignment Platform as a support for
the creation of a network of links between the models, which enables the
performance of an impact analysis when changes are made in these models.

Completing the presentation of the methodology and the platform, form-
ing the framework, it is possible to analyze the different aspects of this frame-
work both in theoretical and in practical terms, subject to the next chapter.
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Chapter 5

Validation

“People ignore design that ignores people.”, Frank Chimero.

This chapter presents the validation of this research work in theoretical
and empirical terms. The research results presented in this work are validated
following the taxonomy used to classify empirical validation methods [141].
From that taxonomy, the selected validation methods are:

• Literature Search to evaluate published studies that analyze the behav-
ior of similar researches.

• Case Study to collect detailed project data to determine the results of
the application of the proposal.

• Lessons Learned to perform a qualitative analysis on completed projects
to see if the proposal had an impact on the project.

5.1 Theoretical Validation

The first theoretical validation was made in sub-section 2.3.3 Comparison of
the approaches in Chapter 2 State of the Art, where related works were com-
pared using a set of relevant requirements. The second step is to demonstrate
how the proposed framework addresses the requirements for UI-Business
alignment.

The requirements that have been defined in section 2.3.2 Requirements
of Chapter 2 State of the Art are analyzed in details as follows.
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User-Centeredness: The UI-Business Alignment Framework contributes
with its focus on user interaction putting task models as a cornerstone.

Task models : The use of task models as a bridge between business pro-
cess and UIs values the user perspective, differently from existing solutions
that have deliberately relied on IT artifacts for alignment, which is strongly
focused on technical aspects.

The consequent benefit of addressing this requirement is to provide a
framework that is concerned with the users who interact with enterprise sys-
tems, especially professionals in their daily work. The UI-Business alignment
guarantees that these users are working towards achieving organizational
goals, which have been broken down as activities and detailed in UI tasks to
be performed using enterprise systems. And the user perspective put forward
in this alignment provides a richer user interaction.

Adaptability: The UI-Business Alignment Framework has the ability to
be adopted in different organizational contexts because of its generic struc-
ture and the use of rules.

Generic structure: The framework adopts a generic structure of its main
models, which makes it appropriate for application in the context of large
organizations that are constantly changing. This framework accepts different
approaches to BP modeling because the main requirement to apply a business
process notation is that it is able to decompose activities in smaller parts.
The framework adopts a simple and hierarchical structure for task and UI
models that is generic enough and it does not limit in how many levels a
screen can be decomposed because it accepts that the organization adopts
different strategies to design and develop UIs.

Rules : The framework uses specific models (BPMN, Task Model and UI
Model) that address most business process modeling challenges and also most
user interface interaction scenarios. In parallel, how people use these models
varies a lot. The framework adopts rules exactly to give the flexibility to
adapt our approach for many scenarios. Without adopting rules, we have
to say to the user that we have to change the way they are doing things
otherwise, they cannot use our framework and our intention is to enable easy
customization and adoption.

The consequent benefit of adaptability is that the framework is adaptable
to organizational structures and choices. Some companies ignore the idea of
sub-processes, they just have a list of processes. For these cases, rules should
be changed to adapt the transformation to the task model. The same applies
to how the organization structures its UIs in different components, in such
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cases, rules should be changed to adapt the rules that check the association
between task model and UIs.

Human-Centeredness: The framework considers the viewpoints of BP
performers (users of enterprise systems) as active agents and presents the
methodology in a standard and comprehensible manner.

Users : Users of enterprise systems are recognized in our approach as
active agents who can point out issues that interfere with the progress of
their work. The communication of users directly with business departments
opens a new channel for business process improvement, it is a user-centered
channel. Inputs for business improvement are no longer only from business
and IT departments, they come from the people who actually make the
organization work and grow.

Understandability : The methodology is also presented using the ISO/IEC
24744 graphical notation to depict the method in different diagrams: a)
Lifecycle to present the overall structure of the method; and b) Process to
describe the processes and its associated roles and tasks. The use of this
standard notation is motivated by the fact that a clear understanding of the
methodology facilitates spreading the culture of users as active agents for
process improvement.

The consequent benefits of providing a human-centered perspective is
that the framework is concerned with the people who perform the business
processes and use enterprise systems by giving them the opportunity to be
more active by giving suggestions that may improve their daily work. In ad-
dition, professionals involved in maintaining the traceability can profit from
a framework that has a methodological support in how to apply it. This so-
lution can be well adopted and maintained because it has a generic structure
that enables integration with any software process and project management
methodology.

Traceability: The framework provides traceability between the models
by creating a network of links between them, opening a channel for people
to suggest changes from any model, and executing rules that identify what
is impacted from changes on any model.

Mappings : The definition of how specific models are mapped in both for-
ward and backward strategies has been done to demonstrate the possibilities
of links between elements of these models.

Multiple sources : The framework enables the impact analysis starting
from any of the models to allow more people to suggest improvements on
the processes, independent of their background knowledge, thus providing a
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forward, middle-out and backward traceability.

Rules : A set of rules has been defined in order to guarantee a consistent
alignment between business process, task model and UI components. The
rules can be executed to analyze prospect impacts before the changes are
made to support deciding whether the change will be made; or to actually
update the models to guarantee consistency after the changes have been
made.

The consequent benefits of traceability is that all the models that support
enterprise systems are internally mapped and that any attempt to make
changes in at least one of them is alerted with warnings about the possible
impacts. And for those changes that have not been analyzed beforehand,
the UI-Business Alignment Framework reviews the performed changes and
suggests a list of actions that should be executed in order to maintain the
alignment.

Software Support: The platform is implemented based on requirements
elicited during the two case studies. The functionalities of the platform were
detailed in Section 4.2 and the implementation takes some constraints into
consideration: a) the organization has systems implemented in several tech-
nologies and the platform should not be intrusive by aiming to generate some
artifact dependent on platform, such as final user interfaces. This generation
would force the organization to adopt the technologies chosen by the plat-
form or restrict its use to supported technologies. b) The platform should
reuse what the organization already has as artifacts, such as business pro-
cess models, importing them without any additional effort from the user and
proceeding with the alignment according to the methodology. c) It should
run in several technologies because there are users operating systems in those
technologies as well, making Java a natural choice for the implementation.

Besides, the platform has been designed as a desktop tool due to the
integral support for modeling, all data are synchronized with a centralized
server, which is responsible for sharing all modeling and alignment work with
several stakeholders. It characterizes the platform as a rich client platform
(RCP), which can only demonstrate its full potential when connected to the
network.

5.2 Empirical Validation

The framework has been empirically validated by applying a qualitative ap-
proach since it studies people, settings and situations as intimately intercon-
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nected and it enables researchers to emphasize validity in their research [129].
The selected research strategy is case study, which is distinctively advanta-
geous for this research because we analyze a contemporary set of events in a
real-life context, over which the researcher has little or no control [136]. For
a research that is interactive and participative in nature, the level of deploy-
ment considers the following aspects: The degree of “participation” is high
since the researcher performs interviews and participant observations. The
degree of “revealedness” is the high since the participants are fully aware of
the study that is going on. The “intensiveness” is established in one-hour
interviewing sessions, one-hour observation sessions in the professional’s set-
ting and the “extensiveness” is established at first in a three or four-month
period, in which sessions can happen once or twice a week in order not to
disturb their ongoing works. The “focus” of the study concerns a specific
research problem of maintaining alignment between business processes and
UIs of its enterprise systems.

The sources of evidence most common in collecting data in case studies,
as described by Yin [136] and Decrop [21], were applied in this research.
Using different sources enables addressing a broader range of issues and pro-
vides triangulation by corroborating findings from different sources of in-
formation. The sources of information used in the case studies were: (i)
documentation, analysis of business process models and UI design; (ii) in-
terviews, semi-directive interview (with interview guide) and non-directive
interview (informal conversational interview); (iii) observations, participant
observation in which the researcher becomes immersed in the real settings;
(iv) discussions in group, in which the researcher participates in meetings
where stakeholders discuss topics relevant to the research.

The unit of analysis in this research is the alignment of business processes
with UIs of its enterprise systems. The site selected to be studied focuses
on a specific setting: large organizations that use business processes and/or
have extensive enterprise systems, such as telecommunications, bank and in-
surance corporations, etc. It also focuses on particular populations : business
analysts, UI designers, usability experts, operation managers and users of
enterprise systems.

The framework has been empirically validated in two main case studies
that took place in two large Belgian organizations. The first one in the bank
sector and the second from the telecommunications industry, as presented in
Section 3.3.1 Organizational Context in Chapter 3 UI-Business Alignment
Framework. The analysis of the results of these case studies is presented in
the following sections.
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5.2.1 Bank Sector

This framework has been validated with its application in the context of
a large bank and insurance organization. The characteristics of this orga-
nization have been presented in Section 3.3.1 in Chapter 3 - UI-Business
Alignment Framework. The scenario related to creating the network of links
in the forward approach has been presented in Section 3.3.3 in Chapter 3
- UI-Business Alignment Framework. The scenarios of changes in forward
and middle-out approaches have been presented in Sections 4.3.1 and 4.3.2
in Chapter 4 - Platform Specification.

Conducting the Case Study

We have conducted several interviews with the business department (three
business analysts) and IT department (two system analysts/developers and
two UI designers/human factors experts) to better understand their context,
their difficulties and needs. During the meetings, we worked with examples
of business processes and systems for insurance contracts.

As professionals were interviewed and observed, we have gathered a deep
understanding of their situation. In several meetings within this bank, we
observed that their issues are related to:

• Lack of correlation between business process and UI design;

• Difficulties in doing impact analysis after changes;

• Difficulties to understand, to find, and to keep updated information
spread in many different artifacts.

Considering these issues, we proposed to them the first version of the
UI-Business Alignment Methodology. The methodology did not have a great
impact on their way of working because it was largely based upon their
own methodology. The main difference was that instead of working with a
lot of different artifacts, often not even aligned with each other and with
information duplicities, their work is improved by using mapped conceptual
models. New models with well delimited scope help them consider the user
perspective and allow them to better communicate with other departments.
Therefore, it is possible to have a smooth transition from a business focus
into a hybrid perspective that also includes the user perspective.

144



5.2. EMPIRICAL VALIDATION

Qualitative Analysis

This methodology has been analyzed by top managers from the business
department, who have given positive feedback considering cost analysis, fea-
sibility of tool support, maintainability and acceptance of change for the
examples in which it was applied.

The organization aimed at a short-term solution that did not require much
investment. Therefore, we acknowledged that there is an underlying cost in
our proposal that characterizes it as a long-term proposal. First, there is the
cost needed to develop a tool to manage the various models. Existing tools
for business process modeling and task modeling can be used, but they lack
major functionalities, such as mapping these models and tracking changes in
one tool. Such a tool is crucial for allowing the correct alignment between
the business process and the UI models, and also to ensure traceability and
synchronization. In addition to that, there is also the cost of training the
professionals on task modeling and the cost with time to actually create and
refine the task models.

The effort of refining tasks models is justified in contrast to the time spent
on updating long spreadsheets, highly error prone, and managing artifacts
spread in different tools and servers. In addition, besides serving for trace-
ability purposes, task models are also useful for user interaction analysis.

Even though, despite their time and budget restriction, we have called
attention for crucial factors that make this proposal feasible. Flexibility is
provided for UI designers since the task model represents a structure with
vast space for decision making of what represents screen groups, screens,
screen fragments and screen elements. Traceability comes inherent with the
adoption of model mapping and thus, makes the application of this approach
more appealing for a large organization with extensive business processes.
Maintainability is simplified when synchronization is built into a tool that
tracks model changes. Mapping between the different models allows an easy
impact analysis when changes must occur in one of the models.

The acceptance of this approach is conditioned by the ease of professionals
learning the task model, which was not common in their working abilities.
But once faced with the benefits brought by reducing the number of arti-
facts, improved communication, better consideration of user perspective and
traceability; it makes the concern on the learning process not a main issue
for acceptance in a prospect pilot project.
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Lessons Learned

In order to apply this framework, the company needs to train the profes-
sionals in task modeling and an external tool needs to be created for task
modeling and mapping among the various models. Once the approach starts
to be applied, it needs to be monitored to understand the professionals’ feed-
back and make any adjustments when necessary.

Their concern with professionals having to learn the task model made us
consider the need to simplify it with only interactive tasks to increase the
task model simplicity and acceptance, as argued in Section 3.2.2.

This approach started to become concrete inspired by this case study and
consolidated by recent researches, explored throughout this thesis. However,
this application represented a first experience in a large organization that
required this approach to be validated in other case studies considering dif-
ferent business profiles, such as the case presented as follows.

5.2.2 Telecommunications Industry

In the context of a large telecommunication company, we have gathered em-
pirical data and performed qualitative analysis of the improvements gained
following the adoption of the framework.

The characteristics of this organization have been presented in Section
3.3.1 in Chapter 3 - UI-Business Alignment Framework. The creation of the
network of links in the backward approach has been presented in Section
3.3.3 in Chapter 3 - UI-Business Alignment Framework. The scenarios in
the middle-out and backward approaches have been presented in Sections
4.3.2 and 4.3.3 in Chapter 4 - Platform Specification. Other scenarios are
presented in the following sections.

Conducting the Case Study

The units involved in this case study are: an IT and networks support
unit responsible for delivering IT solution and a customer-unit responsible
for Business-to-Business transactions. The case study [66] consisted of two
projects that took four months with visits twice a week, organized as follows:

The first month was devoted to understanding the organization and spe-
cific departments and professionals in order to select the business processes
and involve committed professionals in the application of the methodology.
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This initial analysis was supported by a survey prepared before the case study
in order to guide the semi-structured interviews and direct the questions. In
addition, the organizational documentation available in the Intranet was also
considered in the organizational analysis.

The second and third months involved: (i) for the first project: meetings
with business analysts to understand the business process and system and
modeling the business process; (ii) for the second project: attending weekly
meetings with the process core team (process manager, IT specialist, project
managers and tester) who defined and modeled the business process, using
the system under analysis in the test environment, and observing user ac-
ceptance tests of the system for this process; (iii) for both projects: weekly
follow-up meetings to debrief the progress of the work. Twenty-three (23)
professionals have been interviewed, working in twenty-one (21) different de-
partments out of four (4) different business units.

The fourth month included the application of the methodology on the
selected business processes and systems in both forward and backward ap-
proaches; the integration of this methodology with the organization’s soft-
ware development process and process improvement methodology; validation
and dissemination of the results of the methodology, finalizing with the de-
cision to include a suggestion that resulted from applying the methodology
in their next release and the prospect continuation of this project to gather
further data to support the cost-benefit analysis of the methodology.

Applying the Framework

The case study concerned a supporting business process and a core busi-
ness process: 1) the Accounts Payable (AP) business process that controls
invoices; and 2) the provisioning business process of Integrated Telephony So-
lution (ITS) products, which are specific products of the enterprise Voice over
IP (eVoIP) solution of a telecommunications company. Each of the business
processes is described and the alignment methodology is applied to perform
the impact analysis in different change scenarios, presented as follows.

Accounts Payable

This project took place in the IT unit of the Finance department. The
accounts payable business process starts with the creation of purchase orders
to request products or services. Once the product is delivered, a goods receipt
is created, when required, with a list of the goods ordered that have been
effectively delivered. When the supplier sends the invoices for the ordered
and delivered products, the accountants scan the invoices and introduce them
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in the AP system. The scanned invoice and its related data are sent to the
approver to ensure that the price and quantity informed on the invoice are
correct. Then, the approver analyzes the data and either accepts, refuses
the invoice or requests a credit note to correct the data in the invoice that
is different from the purchase order, which may be with price or quantity
difference (“Approval of invoice”). If the approver requests a credit note, the
credit note is sent to the requester who can accept or refuse the credit note
and the related invoice (“Approval of credit note”). To guarantee that the
process flows smoothly, there are sub-processes to remind the stakeholders to
create the credit note (“Remind to do credit note”) and to create the goods
receipt (“Remind to do goods receipt”).

We have identified scenarios of changes proposed by business analysts,
operation managers or end-users in both forward and backward approaches.
The scenario demonstrated in this section updates existing activities in a
forward approach. A scenario related to creating new UI components in
the backward approach has been presented in Section 3.3.3 in Chapter 3 -
UI-Business Alignment Framework.

Scenario - Monitoring invoices: Operation managers proposed to
monitor the approval of invoices by asking approvers to justify their choices.

This way, when approvers make a decision about the invoice (accept,
refuse or request a credit note), they have to provide a justification.

This scenario requires the inclusion of a new activity in the “Approval of
invoice”, “Approval of credit note” and “Remind to do goods receipt” sub-
processes (Figure 5.1). As a result, the activity to refuse invoice becomes a
sub-process where the approver will also have to justify the refusal.

In the related task model, the refuse invoice task will now consist of in-
forming and justifying the refusal. The justification can be predefined (select
justification) or provided by the user (inform new justification). From the
mapping, it is possible to detect new tasks without UI components (presented
with dashed border), which shows the need to create a new screen and new
screen elements to support the new UI tasks.

Results. The results of the impact analysis of the different scenarios
have been validated by two SAP solution managers, one IT senior developer
and a group of IT developers in the finance department in this project.
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Figure 5.1: Scenario Monitoring Invoices

Provisioning

This project takes place in the team in charge of the enterprise business
department. The selected business process is the provisioning of the ITS
products of the eVoIP solution for professional customers who want to in-
tegrate their data and voice traffics on the same data network. There are
two categories of products that are determined by the quantity of dialing
numbers that the customer requires and by the number of sites (location of
customer’s installation addresses) that can be provisioned. The ITS products
provide different ranges of dialing numbers, starting at one dialing number,
going to ranges of 10 and/or ranges of 100 dialing numbers. Each number
may be associated to a package that represents voice services, such as call
center, auto-attendant, receptionist, etc. This provisioning business process
starts with the accountant filling out the form with the information of the
customer’s request and creating the order file. Then, the Project Coordina-
tor starts controlling the flow that drives the provisioning process. The team
in charge of the project setup checks if the customer is new, if negative, this
task can be directly closed; otherwise, the team has to make a series of tests
with the order file. When the file is ready, the customer care department
analyzes the order file to understand what the customer has requested.

If the customer has only one-site, the customer care department orders
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the requested products (“Introduce products”). The association between the
product and the connectivity has to be made. If the customer has multi-
sites, the customer care department creates a group with the needed licenses
(“Introduce client group of licenses”). If the customer requests has multi-
sites and has ranges less than 10, the customer care department orders the
requested products and associates them with the previously created group
(“Introduce products”). The association between the product and the con-
nectivity has to be made.

The next step is the pre-activation of the product, where the lines and
numbers are ready but not yet activated; only voice tests are possible. After-
wards, the technician plans an installation with the customer. Once installed,
the technicians validate the installed products. The numbers are finally ac-
tivated and the site request can be closed by the Project Coordinator.

We have identified scenarios of changes proposed by operation managers,
business analysts or end-users in forward, middle-out and backward ap-
proaches in which the alignment methodology has been applied. The sce-
nario demonstrated in this section creates an entirely new sub-process in a
forward approach. The other scenarios that depict splitting, merging and
creating new UI components in the middle-out and backward approaches are
presented in Sections 4.3.2 and 4.3.3 in Chapter 4 - Platform Specification.

Scenario - Products with mixed ranges: Operation managers pro-
posed the creation of a virtual PBX to make the association among all the
telephone installed in the multiple sites. Products with mixed ranges; that
is, products with ranges of 10 and also those greater than 10; were treated
as distinct and not associated orders, which could even cause losing data.

Figure 5.2: Scenario Products with mixed ranges

This scenario requires the creation of a new sub-process “Introduce virtual
PBX” (Figure 5.2). When introducing the virtual PBX, the user has to select
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the attributes of the product and associate the product with the connectivity.
This set of new UI tasks requires UI components to enable the user to perform
these tasks.

Results. The results of the impact analysis have been validated by a Pro-
cess Owner, a Project Architect, and by representatives of both the Business
Transformation and Methodology departments in this project.

The impact analyses and changes performed through the methodology
represent a step towards addressing their strategic goals. Such goals en-
vision improved customer experience, hence, future improvements on their
provisioning processes throughout the organization.

The application of the alignment methodology in a large telecommunica-
tions company enabled its qualitative and quantitative analyses. The quali-
tative analysis was made in terms of feasibility of integration with corporate
initiatives, such as software development process and process improvement
methodology. The quantitative analysis was done through the Return on
Investment (ROI) forecast in terms of the gains achieved relative to the in-
vestment on the alignment methodology.

Qualitative Analysis

We have analyzed the organizational software development process and iden-
tified how it can be integrated with the alignment methodology.

Their iterative software development process is organized in nine phases,
which are similar to the Rational Unified Process (RUP) disciplines that
range from requirements, business modeling, analysis and design, implemen-
tation, deployment, test, project management, change management, envi-
ronment [60]. Matching their process with RUP to facilitate explaining the
integration with the methodology, we present it in phases.

In the inception phase, first, a project plan lists requests that are docu-
mented with a high level estimate of the domains impacted; then, a project
description is prepared with the core project requirements, constraints and
key features. To aid in adequately creating these deliverables, the alignment
methodology provides for the project plan: a list of organizational units and
systems impacted from the requests; and for the project description: a de-
tailed list of organizational units, systems, processes and users impacted from
the requests.

In the elaboration phase, a development plan for the overall project is
described with solution architecture definition and domain analysis. For the
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development plan, the alignment methodology provides a list of user inter-
faces and users impacted from the requirements in order to better identify
which kind of training users will need.

In the construction phase, the main goal is to build the software and the
primary deliverables are resulting from coding, such as components, classes,
services, etc. The methodology supports this phase when change requests
are created and the impact analysis aids in creating a list of impacted orga-
nizational units, systems, processes, user interfaces and users.

In the transition phase, the goal is to launch the system in production
where the system is validated with users. The methodology supports this
phase when change requests are created from users’ requests and the impact
analysis aids in creating a list of impacted organizational units, systems,
processes, user interfaces and users.

Figure 5.3: Capability Building Framework integrated with the UI-Business
Alignment Framework, adapted from [96]

The alignment methodology is also easily integrated with enterprise ar-
chitecture approaches, such as the Framework for Capability Building [96],
which covers managing Business strategy, Business model, Business pro-
cesses, Technical and Social structures, Human Resource policies and prac-
tices, ICT architecture and tools, and Business results. The alignment
methodology complements this strategy framework by adding the Task Model
and the UI Model (Figure 5.3), thus bridging the gap between enterprise
architecture and HCI, which aids in acquiring a sustainable competitive ad-
vantage with end-users and customers.

The company’s process improvement methodology; similarly to the typ-
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ical process improvement methodology, e.g. PDCA [72]; is an iterative
problem-solving process to optimize its business processes and achieve more
efficiency. The result from applying a process improvement methodology is
a list of processes that need to be changed in order to achieve the organi-
zation’s objectives. To implement the proposed changes, a typical solution
[135] consists of new/updated functions, services, applications that have to be
managed in order to solve the identified problems. The alignment method-
ology extends the solution given by typical business process improvement
methodologies by listing the impacted UIs and going further by listing im-
pacted organizational units and users of impacted enterprise systems.

Quantitative Analysis

In our analysis, we aimed to acknowledge the longer term and temporal as-
pect of decisions, which enabled us to consider risk and uncertainty and how
the organization regards them. This analysis is tightly related to Operations
Strategy (OS), which is concerned with developing resources and configur-
ing processes so that the resulting competencies best deliver the proposed
corporate value [133].

The purpose of resources is to work and generate value, one type of re-
source is a tangible real asset, which is a human resource; in our case, they
are business performers and simultaneously system end-users who apply their
intangible real assets (their “know-how”) to do their work. The purpose of
processes is to specify how resources perform their activities and add value;
in our case, the business processes of AP and eVoIP. The purpose of com-
petencies is to specify what organizations can and cannot do and how well
they provide their outputs and differentiate in the competitive market; in our
case; the ability to do impact analysis from a business and user perspective.

The results of these two projects have been presented to the teams in
charge of these projects. The evaluators have appreciated the innovative
approach adopted for their projects. We went further the qualitative analysis
and have worked on quantifying the results through a cost-benefit analysis
of applying the alignment methodology.

We have analyzed the approach under three cases that consider opti-
mistic, pessimistic and probable visions of the future. Sensitivity analysis is
a technique for systematically changing parameters in a model to determine
the effects of such change [57]. We selected the sensitivity analysis to obtain
information from the system with a minimum of numerical experiments since
we have observed eight users interacting with the ordering system to provide
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eVoIP products. The steps we took to evaluate the cost-benefit analysis were:

1. Calculate the time and cost to apply the methodology;

2. Observe users interacting with the system;

3. Identify issues as candidates for a change scenario;

4. Count interaction time for a specific scenario;

5. Calculate the time and cost to develop and deploy the change;

6. Calculate the cost-benefit analysis.

The calculations of the time and cost to apply the methodology were
based on our experience in this case study considering the methodology ac-
tions and the complexity of each scenario. The calculations of the time and
cost to develop and deploy the change were made based on information pro-
vided by the IT department. The calculations of the gained time were made
based on users’ observations by quantifying the time spent on each step in
the eVoIP process before any change; then observing them and quantifying
the time spent on UIs after one change.

Two scenarios have been selected for a cost-benefit analysis as a request
from the team who was closely following the application of the framework,
including a Process Owner, a Project Architect, and representatives of both
the Business Transformation and Methodology departments. These scenarios
are from the backward approach (presented in Section 4.3.3 in Chapter 4 -
Platform Specification).

Scenario 1 - Configure numbers: In this scenario, users have to do
twice the same task on different UIs when choosing the service packages for
each dialing number of eVoIP products.

This issue decreases their efficiency when managing the orders. In general,
it takes an average of two hours per site to introduce a product; thus, a gain
in efficiency in such a complex scenario makes a big difference for the users
managing customers with several sites. To solve it, users suggested to be
able to select voice service packages in only one screen.

The time to apply the methodology for this scenario took a total time of
nearly 11 hours. In the probable case, the gained time after the alignment
is 2:30 minutes per user, nearly 4 hours considering 88 users of the ordering
system for eVoIP products. After a year executing this process 2 times per
month, the benefit amounts to nearly 63% and the ROI is achieved after the
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third month. In the pessimistic case, the gained time after the alignment is
1 minute per user, nearly 2 hours considering 88 users of the ordering system
for eVoIP products. After a year executing this process 2 times per month,
the benefit amounts to nearly 15%. In the optimistic case, the gained time
after the alignment is 2:30 minutes per user, nearly 4 hours considering 88
users of the ordering system for eVoIP products. After a year executing this
process 8 times per month, the benefit amounts to nearly 315%. Figure 5.4
depicts the ROI in details for the probable case and the comparison of the
three cases for this scenario.

Figure 5.4: Return on investment applying the UI-Business Alignment
Methodology for Scenario 1

The empirical data was collected from observation of 8 users interacting
with the ordering system to provision enterprise Voice over IP (eVoIP) prod-
ucts. The few detected deviations on the timing between these users are due
to loss of data: user lost contract number; user lost customer address; or due
to user interaction: user could not find products in the list.

Scenario 2 - Licenses overview: In this scenario, users negotiate fea-
tures of products, however they have to remember the types and quantities
of licenses they introduced in previous screens of the system.

Figure 5.5: Return on investment applying the UI-Business Alignment
Methodology for Scenario 2
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As a result, users forget the information, write the information on a piece
of paper or have to navigate through five UIs to find the licenses and select
each type of license to see the previously informed quantities. To solve it,
users suggested to be able to see the overview of available licenses for the
customer as they request the customer product. The proposed change con-
sists of adding information in the UI where users negotiate features in order
to support the user with relevant information about the licenses.

The time to apply the methodology for this scenario took a total time of
nearly 10 hours. In the probable case, the gained time after the alignment is
3:40 minutes per user, around 30 minutes considering 8 users of the order-
ing system for Integrated Telephony Solution (ITS) products. After a year
executing this process 4 times per month, the benefit amounts to nearly 3%
and the ROI is achieved after the tenth month. In the pessimistic case, the
gained time after the alignment is 3:10 minutes per user, nearly 30 minutes
considering 8 users of the ordering system for ITS products. After a year ex-
ecuting this process 2 times per month, the result is -11%. In the optimistic
case, the gained time after the alignment is 4:42 minutes per user, nearly 40
minutes considering 8 users of the ordering system for ITS products. After a
year executing this process 8 times per month, the benefit amounts to nearly
40%. Figure 5.5 depicts the ROI in details for the probable case and the
comparison of the three cases for this scenario.

Comparison of Scenarios: The first scenario clearly brings faster re-
turn on investment than the second scenario, as depicted in Figure 5.6
through the comparison of these scenarios showing the ROI in details for
the probable case and comparison of the three cases for both scenarios.

Figure 5.6: Comparison of the Return on investment of both scenarios

This quantitative representation of the return from the second scenario
is only minimal because it does not consider the loss from input of wrong
data for customers’ requested products (as users see the data on the system,
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note it on paper, then pass it to the system again). Examples of direct costs
are the re-work of technicians; negative impact on the brand, among others.
Examples of indirect costs are the work on corrections instead of actual work.
These types of costs influence the decision depending on the organization’s
aversion to risk to assume such costs. After this quantitative analysis, this
scenario was selected as a change request to be included in their next release.

Lessons Learned

There were lessons learned in this case study: One lesson learned is related
to the time consumed to apply the methodology. As a software platform
has been envisioned [113], but since it is still being developed, the work is
currently being done manually. The experience in this case study has been
a major source of requirements to specify the functionalities of the platform.

Adding requirements as another artifact that can be linked to enterprise
systems can increase the acceptance of this framework. This is especially true
for organizations that originate their projects through software requirements,
as observed in the analysis of their software development process.

Furthermore, people are resistant to change and we acknowledge that the
alignment methodology is itself a change within the corporate culture and a
support for decision making, which facilitates changes. Change management
is a structured process that manages changes and it aims at communicat-
ing changes to the people involved in order to effectively implement these
changes. The key to implement the new methodology is to start where the
least resistance is perceived; usually through innovators who pull changes
and opinion leaders who like to try new ideas, according to the Diffusion of
Innovations Theory of Rogers [100].

5.3 Cross-Case Synthesis

We have compared the results from these different cases by applying cross-
case synthesis, an analytic technique that is mostly applied in the analysis
of at least two cases by aggregating findings across the cases [136].

The alignment methodology has already been previously applied in the
bank sector and the two projects in the telecommunications sector contribute
to the robustness of the methodology. Two main differences come out when
comparing the case studies: the nature of processes and the engineering
approach adopted.
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5.3.1 Nature of Processes

A distinction is made between process types. Core business processes have
a direct impact on the organization’s customers; while support business pro-
cesses enable the core processes to work effectively. The AP process is a
support process while the eVoIP and the insurance processes are core pro-
cesses.

It was easier to convince the teams in charge of core processes of the rele-
vance of the methodology than the team in charge of support processes. This
was noticed because the ones involved with eVoIP and insurance processes
have an in-depth understanding of the business strategy, which facilitates
understanding the value of process alignment and improvement.

5.3.2 Engineering Approach

For the AP and insurance cases, the methodology has been applied in a
forward engineering way. The departments had their existing BP models
that could be used as a starting point to create the task model and the
mappings between the models.

In the eVoIP project, the backward engineering approach has been adopted
to apply the methodology. The BP had not been previously modeled and
consequently, the existing UIs of the supporting system constituted the start-
ing point. From then on, the task model was designed and the BP modeled.

This reality allowed the methodology to be assessed in different contexts.
These case studies made the methodology more robust because it has now
been tested for different engineering approaches to build the network of links
between the models.

5.4 Conclusion

Some advantages of the UI-Business Alignment framework highlighted from
the experience in these case studies are its explicitness, simplicity, flexibility
and innovation. It was easy for stakeholders to understand the methodology
since it can be easily communicated to people. The output of the data
analysis will be used as reflection on other aspects to continue evolving this
work with some ideas of future work that we have already elicited, subject
to the next chapter.
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Chapter 6

Conclusion

“If you can dream, you can do it.”, Paulo Coelho, international best-selling
and award-winning author.

This chapter concludes this research work by presenting our main contri-
bution and some ideas for future work.

6.1 Summary of Contributions

This work presented the UI-Business Alignment Framework, an innovation
to solve issues of well-known IT-Business alignment strategies by integrating
concepts and techniques from Model-Driven UI Development.

From IT-Business alignment, the framework inherits the essential links
between the business and IT domains. From Model-Driven UI Development,
the framework inherits task modeling as a major cornerstone to bring the
user perspective into the spotlight in a scenario where it is commonly for-
gotten, since a much more prominent attention is given to business and IT.
This integration leads to the identification of three main models used in the
framework, which are: business process, task and UI models.

More globally, this research results in a formal integration of the Business
domain with HCI, which leads to valuable collaborations. As we have ex-
perienced in collaborations with business-driven IT management, enterprise
engineering and business process modeling.

The Framework is composed of a methodology and a platform that sup-
port the creation of a network of links between the models, which enables
the performance of impact analyses when changes are to be made or made in
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any of these models. The network of links is created through semi-automatic
transformation using predefined rules or manual mappings directly using the
platform, thus, letting the stakeholders free to decide whether the context
is more appropriate for transformations or not. According to the automa-
tion of the framework, as depicted in Figure 4.3, stakeholders may use rules
to create mappings automatically from transformations of BP into TM and
vice-versa or they may create the mappings themselves. When creating the
mappings manually, stakeholders need to understand the business and the
systems to be able to create these mappings.

This framework is aimed for enterprise systems in organizations with
extensive business processes and hundreds of users using thousand of user
interfaces. The main goal of this framework is to keep enterprise systems
aligned with business processes from the point of view of process performers
and process designers, offering a complementary approach to existing solu-
tions of IT-Business alignment. These solutions are more concerned with
requirements and implementations, while we focus on UIs, the part effec-
tively in use by process performers (end-users). Consequently, the alignment
of business with UI brings several benefits, as the ones listed as follows:

• Operation managers become aware of who is responsible for what, not
only the user roles.

• Users can report bugs, suggest improvements and report occurrences
during the process execution and this valuable information will be in-
stantly linked with the corresponding process elements, helping busi-
ness analysts to make decisions that may effectively improve process
performance.

• System maintenance requests by business analysts are sent in a well
contextualized manner to system analysts, with information about:
parts of the processes that are impacted by those changes, users who
will interact with the changes when the new version is released, and UI
design decisions that were not well accepted by end-users.

The experience in a large bank-insurance company enabled us to propose
a solution to align business processes and UIs of their enterprise systems, a
major issue in this company as well as in many others in the competitive
business world. This reality encouraged us to validate this approach in an-
other organization with a different business profile aiming at analyzing their
interest on the strategy and their openness to change.
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The main contributions of this research work have been done considering
in the following aspects:

Innovation: Definition of a new area that integrates IT-Business Alignment
and Model-Driven Development

Conceptual: Definition of a framework for UI-Business Alignment

Methodological: Definition of a methodology for UI-Business Alignment

Platform: Specification of a platform to support the framework

Application: Application of the proposed strategy in case studies

Innovation: Concerning the innovation, this research has resulted in
the definition of a framework for UI-Business Alignment (Chapter 3) that
is model-driven, user-centered, adaptable to specific organizational struc-
tures, human-centered and provides model traceability with a software sup-
port [116].

To help support the theoretical definition of the framework, we have made
an investigation of approaches on IT-Business Alignment and on Model-
Driven UI Development that are concerned with business process modeling
and UIs of enterprise systems in Chapter 2. From the detailed analysis of
these works, we have identified a list of shortcomings that must be addressed
in this domain, which were considered an inspiration to define the main re-
quirements to be fulfilled in our research. These requirements were also used
as evaluation criteria to analyze and compare these existing approaches.

Based on these requirements, we present the main characteristics fulfilled
by the framework, which makes it:

• model-driven because it adopts a model-driven engineering paradigm
with the use of models that are primordial for enterprise systems.

• user-centered because it follows a user-centered design approach that
provides a vision for both user interfaces and user interaction using
task models.

• adaptable because it adopts a generic structure of its main models,
which makes it appropriate for application in the context of large or-
ganizations that are constantly changing.
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• human-centered because it is concerned with the people who perform
the business processes and use enterprise systems; more than merely
on technological or methodological aspects, supported by the theory of
structuration [31].

• traceable because meta-models are explicitly defined and rules for model
transformation are structured to facilitate mapping the models, creat-
ing a network of links, analyzing the impact of changes, thus providing
a stronger traceability.

• supported by a software platform that has been specified, analyzed and
designed according to the needs of the framework with the flexibility
of being extended by future researches.

We have innovated when using task models as a source for traceability, as
presented in [111]. Generally, task models had been used to support require-
ment analysis, design of ISs and usability evaluation [77], and even to model
user roles with different responsibilities and rights in large applications [93].
And the existing solutions for traceability, specify the links between business
processes directly with systems or UIs. But we have stated that business
processes are often an abstract representation of the business tasks, different
from task models, which are concrete set of tasks of what could happen dur-
ing user interaction. And we argue that it is important to recognize that we
need to unite both worlds to map business processes with UIs of enterprise
systems in order to add a user-centered perspective.

Conceptual: The conceptual contribution of this research is presented in
meta models for business process, task and UI models in Chapter 3, Section
3.2.2.

The business process model (Section 3.2.2) is created according to BPMN
because of its worldwide recognition, easily understandable diagrams, cover-
age in terms of business process modeling concepts, available tools support-
ing the notation, among other benefits as flexibility, and expandability. The
meta model for business process defined for the framework is resumed to el-
ements that are primordial for UI-Business Alignment with the possibilities
of expansion.

The use of BPMN as the selected notation for the framework is founded
on its benefits; however, it does not exclude other business process notations
to be used with the framework, addressing the adaptability of the framework.
The main requirement for a business process notation to be used is that its
activities are decomposable in smaller parts, such as BPMN sub-processes
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that can be decomposed in as many levels as needed to specify a complex
activity.

The definition of the task and UI meta-models are founded on UsiXML
because of its recognition from the W3C standardization process, compliance
to the model-driven engineering paradigm, adherence to UIDL requirements,
among other benefits, such as flexibility and constant evolution.

The task model (Section 3.2.2) is simplified by using only interactive tasks
because they are the ones that are useful to detect if the user has problems
or not with the UI. In addition, we have contributed with a new graphi-
cal representation for the current task relationships that follow the LOTOS
temporal operators [45].

The UI model (Section 3.2.2) uses abstract concepts (i.e. screen group,
screen, screen fragment and screen element) that are simple and general
enough to describe any kind of UI of enterprise systems. Our contribution
with the definition of these UI concepts are solidified with their representation
using informal predicate logic [37], also called first-order predicate calculus
or simply first-order logic [103].

The mapping of these models, presented in Section 3.2.3, is done in a
generic fashion, considering that organizations have divergent modeling tech-
niques and notations and use different approaches and technologies to design
and develop UIs, benefiting from the hierarchical structure of the models.

The mappings adhere to a classification of mappings [74] that support
creating a traceability chain that is useful, among other things, for perform-
ing impact analysis and providing specifications for transformations between
these models.

Methodological: The UI-Business Alignment Methodology (Section
3.3) is composed of core actions that guide stakeholders to map the mod-
els (business process, task model, UI model) and build a network of links
that supports traceability and impact analysis when changes are requested
in any of these models.

The core actions to create the network of links can be applied in two main
approaches: forward and backward. The core actions to perform impact
analysis can be applied in three main approaches: forward, middle-out and
backward. These actions are organized in phases related to business process
improvement methodologies and User-Centered Design methodologies.

The methodology is presented using a new formal graphical notation for
modeling software development methodologies, the ISO/IEC 24744 [48] In-
ternational Standard, a preliminary version of which is found in [33]. The
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use of this standard is of special interest because it is complete, generic and
extensible as desired so as to cover most areas, enable application in different
contexts, and enable adding new concepts as needed [32]. In addition, we
have participated as evaluators of the notation along with the ISO authors.
Using a cognitive dimensions framework, we have made a standard evalua-
tion of the elements and diagrams of the notation proposed to support the
ISO/IEC 24744 methodology meta model standard, considering the trade-
offs between different dimensions. The use of this notation provides a clear
understanding of the methodology, which can contribute to spread the culture
of users as active agents for process improvement within the organization.

The methodology has relevant characteristics:

• Flexibility: The methodology is flexible enough to enable stakeholders
to specify at which level of granularity they will map the elements,
depending on the complexity of the processes and systems, on the in-
formation available and other aspects that directly influence the impact
analysis.

• Integrability: This methodology can be combined with other corpo-
rate methods and processes, such as software development processes,
HCI methods, process improvement methodologies, IT-Business align-
ment strategies, etc. It has been tested with the software development
process adopted at the telecommunication organization and analyzed
according to renowned processes, such as the RUP [60], the Agile Model
Driven Development [4], CMMi for Development [18].

• Cross-Organizational Engagement: Each approach stimulates the par-
ticipation of stakeholders from different departments. The forward ap-
proach stimulates the participation of managers and business analysts,
who can identify prospective improvements on business processes. The
backward approach stimulates the participation of basically anyone in
the organization, such as UI designers and end-users, who can identify
improvements directly on the UIs. The middle-out approach stimu-
lates the participation of usability experts and UI designers, who can
identify improvements in terms of user interaction. The participation
of professionals from different domains with a proactive approach to-
wards process optimization makes this framework less obtrusive and
enables “social creativity” [28].

• Applicability in Large Organizations: The methodology enables large
organizations to adapt efficiently to business challenges in the midst of
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its extensive business processes, thousands of UIs, hundreds of users
and heterogeneous systems, forming an intricate structure. Large sys-
tems can benefit from it because of the activity volume and its respec-
tive screens, abstracted by models and their interrelationships.

Platform: The UI-Business Alignment Platform (Chapter 4) is a support
for decision-making for the main stakeholders involved in applying the UI-
Business Alignment methodology who want to track changes of BPs and UIs
of enterprise systems.

The platform is used according to the methodology, which drives the
specification of functionalities for the platform, presented in Section 4.2 and
summarized as follows:

• Import Business Process: It is first needed to import the business pro-
cess into the platform using a standard format, such as the XML format
provided by business process modeling tools.

• Generate Task Model: The transformation of business process models
into task models is done through the mappings between the models,
which are the foundation for a set of rules. The association of busi-
ness process models with task models is automatically created as the
transformation is executed.

• List organizations: Specify the list of organizations that defines the
structure in which enterprise systems are allocated.

• List systems: Specify the list of enterprise systems and system modules
to facilitate identifying where the UI components are located.

• List UI components: Specify the list of UI components organized by
systems, based on the screens of the enterprise systems.

• List users: Specify the list of users to facilitate identifying who is
impacted with specific changes.

• Associate tasks with UI components: Creation of manual mappings
between task models and UI components to create the network of links.

• Impact analysis: Selection of an element from a model and view of the
list of related elements on the other models that would be impacted if
a change is to be made on the selected element.
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• Generate impact report: When a change is done in any of the models,
a set of rules are executed in order to generate an impact report that
lists all the elements on these models that have been impacted by the
changes and the proposed changes.

• Manage rules: The rules can be used “as-is” or it can be updated
according to the specific structure of the adopted models.

The rules (Section 4.3) have been defined to provide flexibility to the
platform since they can be updated whenever there is a change on how the
models are managed, without the need for direct maintenance of the platform.

As a contribution for this research, we have defined rules that adhere to
the basic properties of transformation rules [55] and follow the general format
of production rules [14]. The rules have been written using the Drools rule
language because it is easy to understand, flexible, reusable, has a reasonable
performance, independent lifecycle, can be easily embedded into existing
applications, among other advantages of its declarative style solution [8].

Besides using the Drools rule language (DRL), these rules have also
been written in a human-readable manner using Domain Specific Language
(DSL)[56] in order to make them understandable by non-technical stakehold-
ers involved in managing the rules.

The rules are exemplified using scenarios from the two case studies. The
scenarios from the bank sector are used for the forward and middle-out ap-
proaches and the scenarios from the telecommunications industry are used
for the middle-out and backward approaches.

Application: The application of the framework has been done in two
large organizations, which illustrates the applicability of this framework in
complex scenarios presented throughout Chapters 3, 4 and 5. One organiza-
tion is from the bank sector, a large bank and insurance company; the other
organization is from the telecommunications industry, the largest telecom-
munications company in the country.

The bank case study was the first application of the framework. The par-
ticipants were from the business department (three business analysts) and
IT department (two system analysts/developers and two UI designers/human
factors experts), who participated in several meetings and interviews during
three months. The business process under analysis was related to insur-
ance contracts, a major process for the organization. The methodology was
qualitatively analyzed according to a set of criteria specified by the top-
management of the organization, citing them: cost, time, flexibility, trace-
ability, and maintainability. Exemplification of how the methodology was
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applied in this case study is presented in Chapter 3, Section 3.3.3; exam-
ples of how the rules have been using in the insurance context is presented
in Chapter 4, Sections 4.3.1 and 4.3.2; and it is summarized in Chapter 5,
Section 5.2.1.

The telecommunications case study was the second application of the
framework. The participants were from the finance department and enter-
prise business department with twenty-three professionals, among managers,
business analysts and IT professionals, who participated in meetings and in-
terviews during four months. The business processes under analysis were
related to accounting and provisioning products, where the first is a support
process and the latter a major process for the organization. The methodol-
ogy was qualitatively analyzed by identifying how it could be integrated with
their selected software development process. The methodology was quanti-
tatively analyzed using sensitivity analysis [57] to evaluate the cost-benefit
analysis of applying the methodology. Exemplification of how the method-
ology was applied in this case study is presented in Chapter 3, Section 3.3.3;
examples of how the rules have been used in the telecommunication context
is presented in Chapter 4, Sections 4.3.2 and 4.3.3; and it is summarized in
Chapter 5, Section 5.2.2.

Even though both cases experienced the same issues concerning UI - Busi-
ness alignment, they have different characteristics that are useful for different
approaches as the network of links is being built. The bank case study was
more appropriate to illustrate the forward approach because it already had
its business processes well defined and their systems designed and developed.
The telecommunications case study was more suitable to illustrate the back-
ward approach since it did not have business processes modeled in the finance
department, but all operations were supported by enterprise systems.

This thesis demonstrated that changes on business processes do influ-
ence user interfaces and vice-versa. To achieve this goal, a methodology has
been applied in large corporations and validated using return on investment
techniques. The scope of this thesis has been well-delimited to a set of re-
quirements that had not yet been addressed in the literature neither in the
industry. On the other hand, this framework does not consider how well
business process models are understood by different stakeholders, how data
is handled in the execution of business processes, etc. In the current state
of the framework, it does not control the business process in execution time,
especially since it is risky to execute the rules and change the models at
runtime. But for guidance and visualization purposes, a solution for stake-
holders to be aware of the state of the process in execution time would be to
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change corporate applications to store information when users interact with
specific UIs to know where they are in the process by looking at the map-
pings. Consequently, there are other requirements that can be considered as
an extension of this framework, as analyzed in the following section.

6.2 Future Work

This is an ongoing work that will be continued with future projects envisioned
through collaborations with other universities, organizations and research
institutions. The ideas of future works are organized as long and short term,
according to some ongoing collaboration:

Short-Term:

Integration with different approaches for BP modeling. In a shorter term,
integration of this framework with the ArtiFactTM-based Business Operations
Model [83]. One of the goals is to verify how a different BP modeling ap-
proach influences: the way UIs are designed to support these BP models,
how these BP models are associated to UI models, and the work of business
process performers as they interact with UIs of systems.

A new interest has arisen to include requirements in this alignment frame-
work, with a model-driven approach to link business processes, UI models
and requirements. A first proposal has been defined [115] and this real-
ity encourages us to validate this new approach considering requirements in
the industry, aiming at analyzing their interest on this strategy and their
openness to change. The next step is to analyze requirements engineering
modeling approaches in order to select a suitable strategy. This choice de-
pends on the kind of analysis and the reasoning offered by the approach in
order to facilitate the link between requirements and the other models.

In order to analyze the adoption of this methodology in large organi-
zations, we have emphasized on bringing concrete results in terms of effi-
ciency. Therefore, a new investigation is to demonstrate the effectiveness of
the methodology by verifying its adherence to principles and values of the
Agile Alliance, bringing fast results with its application, not adding bureau-
cracy, since it is a human-centered methodology that is concerned with what
people say to improve their work. This future work is aimed to provide a
comparative analysis of the methodology with agile principles. Since this is
a methodology that embraces changes, is result-driven and focuses on end-
users of enterprise systems, it is important to analyze the methodology under
this perspective to verify how such agile principles and values are useful.
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An emerging collaboration is the integration with an IT-Business align-
ment strategy. First, we consider a strategy that aligns business strategies
with business processes and with IT architecture. Then, we consider our
framework that aligns business processes with UI tasks and UI tasks with
UIs of enterprise systems. Consequently, it is possible to bridge the gap
between architecture and HCI from a new perspective. When any mainte-
nance is made in the business process, the impact analysis can be broader
by including architectural and implementation changes, but also including
the UI, considering all subjective elements surrounding users and systems.
It will complement this research by achieving alignment in terms of both the
IT architecture and the user perspective. If services are considered in the IT
architecture (e.g. using BPEL), when services are changed, we can indicate
which UIs are impacted and vice-versa.

Long-Term:

Since we recognize that even though UI models are important for model-
driven approaches, they are not widely known in the business environment,
thus, this motivates us to study the cognition aspects of the models applied
on the business context.

Once the platform is concluded, it needs to be largely applied in several
situations and empirical data needs to be gathered in order to analyze its
use. To do that, certain empirical metrics need to be established, such as
time to learn, feasibility in the corporate environment and acceptance of the
task model. The latter can also lead to a new research that evaluates the
completeness of the task model in respect to user interaction possibilities
(e.g. how to return to a previous task), which may lead to improvements in
the representation of this model.

An empirical analysis can be made to evaluate how the association be-
tween task models and UIs and between UIs and end-users is made using the
platform. This analysis shall consider how people perceive manually creating
these links, how they collaborate with other to update the links, among other
issues.

The rules can go through an improvement process when we will keep
tracking which aspects in organizational scenarios motivate the adaptation
of the rules to address specific contexts.

Another important aspect to be analyzed is the acceptability from busi-
ness analysts towards changes proposed in UIs that may have impacts on
their business processes, considering organizational policies, hierarchy, power,
marketing strategies, product knowledge, etc.
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There are several questions that should be answered to support decision-
making as this framework is being applied. We have listed a set of prominent
questions to be analyzed as the platform is developed: Is the user interaction
a bottleneck for the performance of the process? Can the business process
be improved based on efficient user interfaces that allow a faster execution
of many activities? Are people navigating through the system in the same
sequence of the business process or have they identified a better way to do
the same thing? Which user interfaces are missing to be part of the scope
of the next iteration? Using a catalog of user interfaces, which activities
can be automated using existing user interfaces? Which user interfaces will
be rarely used for the purpose of the organization and can be discarded or
disabled from a product?

Overall, this research has achieved good results both in the academia and
in the industry. Its characteristic of being multi-disciplinary and complemen-
tary to other strategies has made it an interesting theme for collaboration
with researchers and practitioners from other communities.
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