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  Abstract   This work presents how business process models are described in terms 
of task models to solve traceability issues for large systems. The proposed approach 
presents a method with activities specifically selected for the scenario of develo-
ping user interfaces (UIs) for enterprise applications founded on extensive business 
processes. Furthermore, some of these activities are detailed to make the work 
on UIs aligned with business processes. With the use of the tool proposed in 
this research, it is then possible to identify the UI components that are impacted 
whenever changes are made on business processes.    

  3.1 Introduction  

 The use of Information Technology (IT) has evolved over time from its traditional 
use as an administrative support toward a more strategic role to enforce business 
processes (BP). In addition, there is a growing interest on the alignment of IT with 
organizational objectives from different perspectives, such as from business execu-
tives, IT managers, and academics. 

 It is observed in the IT domain that most researches are focused on specifying 
the association between models from business and IT to support propagating 
changes  [1,   18] . Another observation is that many of these researches use software 
engineering models to address alignment issues. However, such strategies lack the 
consideration of a major aspect of information systems: their user interfaces (UI). 
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 
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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. 

 Certain changes on business processes that have a direct impact on UIs may be 
related to different reasons, and therefore can be classified to aid in organizing their 
impact on UIs: (1) components, new data that need to be informed may result in 
new elements on UIs; (2) navigation, updating organizational goals that influence 
responsibilities of professionals may result in new navigation between screens; 
(3) internal structure, change in the way of working and approaching users may 
result in new sequence of fields; (4) external structure, new activities that profes-
sionals must execute may result in new UIs. 

 Such details about ordering of components, of screens, positioning of compo-
nents on screens, and navigation aspects are only expressed in UI models, and are 
not present, for instance, in use case, class, and activity diagrams of UML. However, 
there are few works in the literature that study the alignment of business process 
and UI models, such as  [13]  and  [14] . Aiming at supporting the development of UIs 
and their alignment with business processes, the overall research goal is to correlate 
business and UI by (1) defining the association of business process with UI models, 
and (2) presenting a prototype of a tool for model transformation that addresses 
both semiautomatic generation of UIs and traceability. This proposal is mainly 
aimed toward organizations that are driven by their business processes, and therefore 
want their systems to address such processes in a way that as the processes are created, 
maintained, and evolved, so are its supporting systems.  

  3.2 Related Work  

 There are recent works on the domain of model-driven architecture that discuss 
about traceability in model-driven development and its importance for analyzing 
alignment to requirements, impact, and propagation of changes, etc. However, the 
most common use of traceability in model transformations is between data models 
and class diagrams, such as in  [17] , which discovers useful trace information from 
model relations. In the work of Rummler et al.  [9]  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, they use 
aspect orientation. 

 Moving toward valuing integration with UI, it has been agreed by academics and 
practitioners that the potential of IT in enterprise applications depends on how it is 
used, which is directly influenced by the UI  [16] . Therefore, there is a growing inter-
est on UI in the business domain, as it is possible to verify in some works done in 
IBM research centers, such as  [14] , in which the focus is on designing low-fidelity 
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prototypes based on business process models. Another example is a recent work of 
Stolze et al.  [12] , in which they call attention to the fact that only relying on work-
flow models may be problematic to represent aspects of the user interaction because 
it is difficult to consider specific user requirements in such models. 

 Aligned with the idea that information from business processes is not enough for 
UI design, the work of Pontico et al.  [8]  advocates for a hybrid approach for 
modeling combining task models and process models. Similarly, Kristiansen and 
Traetteberg  [4]  propose a solution to use both workflow and task models to design 
role-centered UIs. It associates tasks in the 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: subprocesses, activities, 
and tasks. When modeling task models, they adopt a hierarchical sequence-oriented 
style, but fixed sequence is not as broad as the variety of possibilities provided by 
different operators that enable a richer user interaction. Besides these two diver-
gences, this approach is similar to ours since it adopts a process that starts with 
business processes (in their case, more specifically a workflow model, responsible 
to manage business processes) and results into a final UI (FUI) using several models 
(task, domain, dialogue, a similar abstract UI, and a similar concrete UI). 

 Sukaviriya et al.  [15]  use data group concepts to link design elements to business 
process models, which is different from our approach. A data group is a subset of 
data elements that appear together on a UI. In our case, we use task models as the 
link between business process and UIs, without neglecting data elements, which are 
related with tasks. Since tasks are related to UIs, there is, thus, an implicit relationship 
between data elements and UIs. Therefore, besides associating business with data, 
we also add the concern on behavior, provided by task models.  

  3.3 Business Process and User Interface Model Alignment  

 With a detailed analysis of the specification on business process modeling notation, 
it was detected that some business process elements can be transformed into 
elements in a task model. For more details on the description of business process 
elements, refer to the specification  [7] . 

 The relationships between tasks in a task model are different from the ones used 
in business processes; therefore, there is a need to correlate them. Table  3.1  specifies 
the association of the relationships in business processes and in task models, with 
the rationale behind the decisions explained as follows. (1) Sequence flow and 
enabling operator represent the order in which activities are performed. (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. (3) Considering two activities A1 and 
A2, the use of a rule intermediate event before A2 can trigger a named rule that 
momentarily pauses the execution of A1 while A2 is executed, and a link intermediate 
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event after A2 is finished connects to an intermediate event in A1, going to the 
moment where A1 was paused. The use of these triggers is in accordance with the 
suspend/resume operator that affects the flow of activities by momentarily interrupting 
one activity as another one is executed. (4) Both the exclusive decision and the 
deterministic choice represent a point in the process where the first alternative that 
is chosen determines the flow that will be taken. (5) Many combinations of the alter-
natives can be selected with inclusive decision, but it is also necessary to use the 
exclusive merge to express that only one of the activities is expected to be fully 
accomplished and its result to be passed through the flow, as a manner to be aligned 
with nondeterministic choice. (6) When two activities are competing and one is 
being performed, it may be interrupted by the second one, but the interrupted one is 
canceled by triggering the cancel event as soon as the second one starts, similar to 
disabling. (7) Ad hoc marker in a subprocess composed of activities that can be 
performed in any order using the attributes of an embedded subprocess addresses the 
same function as an independence operator. (8) In cases when two or more activities 
may be executed in parallel, the parallel gateway and concurrency serve the same 
purpose. (9) When activities are performed in parallel, similar to the previous situation 
except that data are synchronized, data objects and information passing are added.  

 Table  3.2  associates activity attributes from business processes with task proper-
ties from task models. (1) The conditional flow can have expressions that determine 
whether the task in this flow will be used, which can express that a task is optional, 
depending on a certain condition. (2) Standard loop determines that an activity is 
performed repeated times, similarly to the iteration. (3) Multiinstance loop has a 
numeric expression (its attribute MI Condition) 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 repeated. This is in alignment with finite iteration, which 
expresses that a task can be iterated  n  times.  

  Table 3.1    Association of business and task elements    

 No.  Business process  Task model 

 1  Sequence flow  Enabling 
 2  Sequence flow + data object  Enabling + information passing 
 3  Rule intermediate event + link intermediate event  Suspend/resume 
 4  Exclusive decision  Deterministic choice 
 5  Inclusive decision + exclusive merge  Nondeterministic choice 
 6  Cancel intermediate event  Disabling 
 7  Ad hoc marker in subprocess  Independence 
 8  Parallel gateway  Concurrency 
 9  Parallel gateway + data object  Concurrency + info passing 

  Table 3.2    Association of activity attributes and task properties    

 No.  Activity attribute  Task property 

 1  Conditional flow  Optional 
 2  Standard loop  Iteration 
 3  Multi-instance loop + MI condition  Finite iteration 
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 Table  3.3  associates types of process activities and of tasks. Task types provide 
detailed information that helps in designing UIs. In business processes, tasks are 
the most atomic activities and in accordance to task models, they also have types. 
(1) User and interaction types represent tasks performed by a human with the assist-
ance of a system. (2) Service and application represent an automated task performed 
by the system. (3) Manual and single user are related to tasks that are performed 
by a human without any aid from a system. (4) Abstract is used to group tasks; it 
has no specific meaning, which can mean that the type  none  is suitable for this case. 
(5) User type can be also appropriate to represent multiple users when the attribute 
 performers  is informed to specify if it is performed by a group or an organization.  

 This association of the main elements of business process with task models 
brings a contribution for UI development of information systems that are based on 
business process. This proposed approach closes the gap in UID life cycle, which 
most commonly started with task models, leaving aside business processes. 

 It is crucial to make it clear that the transformation of business process models 
into task models represents a first version of task models that need refinement. Such 
refinement can be done by human factors experts and UI designers, who update 
tasks and their relationships when new aspects may need to be created to address 
the richness and particularities of user interaction. The task model refinement can 
certainly be done with the participation of business analysts to allow consistency 
and alignment of task models with the business processes.  

  3.4 Case Study  

 Our experience  [11]  comes from analyzing an organization decomposed in bank 
and insurance subdivisions. The bank has a business department composed of a 
large group composed of around 50 business analysts, who are devoted to working 
on analyzing and evolving the business processes that drive the functioning of the 
bank and insurance. The insurance subdivision designs and develops systems that 
support the business processes. 

 In their methodology, they specify business processes with flows of subproc-
esses and activities until reaching an atomic level in which tasks are associated to 
business rules and data. However, some organizations do not detail their business 
processes to such a level; instead, they maintain business process models in a high 
level description and detail them when necessary for system development using 
software engineering artifacts (e.g., use cases), as proposed in  [3] . 

  Table 3.3    Association of process activities and task types    

 No.  Process task type  Task type 

 1  User  Interaction 
 2  Service  Application 
 3  Manual  Single user 
 4  None  Abstract 
 5  User + attribute performers  Multiple users 
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 Since we can come across organizations that follow these divergent methodologies, 
it is aimed that our approach addresses both realities. Therefore, our proposal is 
also applicable in the prior example of high-level business process description. In 
such cases, task models are also created from business processes; the main differ-
ence is that the refinement is more fine-tuned. This scenario is not addressed in this 
research work, which focuses on the context of the studied organization that has a 
great set of business process models that are specified into details. 

 We conducted interviews with three business analysts, two system analysts and 
developers, and two UI designers. During the meetings, we worked with examples of 
business processes and screens for insurance contracts. The main issues we detected 
and addressed in this organization were related to lack of correlation between busi-
ness process and UI design, difficulties in doing impact analysis after changes, and 
difficulties to understand, to find, and to keep updated information spread in many 
different artifacts. In general, their business process models are composed of 60 
elements that are handled for each process, which includes subprocesses, activities, 
and tasks, not even mentioning their business rules, which would increase this number 
by nearly 100 more elements to be considered. In the next section, we, then, present 
how these issues are addressed through method specification and tool support.  

  3.5 Method and Tool Support  

 Using the associations between models to transform a source model into a target 
one provides a traceability chain among the models. This chain supports identifying 
the impact of model changes on the system UI. Therefore, a tool called Usi4Biz 
(User Interface for Business) is being developed to manage these models using 
XML, enabling communication with other tools, such as modeling business proc-
esses in commercial tools that provide XML schemas that can be exported. 

 Once the models are imported into Usi4Biz (or even created within it), it is time 
for associating the models. Using the strategy proposed here to transform business 
process models into task models, their association is automatically created as the 
transformation is executed. This argument also applies for AUIs created from task 
models and domain models, and for CUI created from AUIs, since our proposal is 
founded on the Cameleon Reference Framework  [2] , which is composed of four 
development steps: create conceptual models (e.g., task model, data model, user 
model), create AUI, create CUI, and create FUI, and supported by UsiXML  [5] . 
However, there is also the scenario in which transformations between models are 
not performed; rather, models are created, thus making it necessary to make manual 
mappings between them. 

 Therefore, in the organizational context under study, we propose the following 
method as depicted in Fig.  3.1  by applying the method engineering strategy presented 
in  [10] , which considers their needs and goals, thus making it more suitable for their 
reality and more feasible to be applied in the industry: (1) Business analysts design 
business process models in a business modeling tool, (2) Business analysts export 
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the XML from the BP tool and import it into Usi4Biz, (3) System analysts create the 
domain model (goal: design UIs focused on the application domain), (4) Business 
analysts request to generate task model based on the BP XML, (5) UI designers and 
human factors experts refine the generated task models by updating tasks and rela-
tionships (goal: design UIs considering users’ mental models to perform their tasks), 
(6) UI designers list screen components based on task models (screen group, screen, 
screen fragment, and screen element), (7) UI designers create CUI models from task 
models (goal: design focused on the look-and-feel of the system), (8) Programmers 
develop FUIs from CUI models.  

 The complete description of this method, i.e., model-to-code compilation, is out 
of the scope of this paper and has already been addressed in several related papers, 
for instance, TERESA  [6] , supporting automated generation of UIs. Also, subject 
to further explanation in a future work is considering that CUI models in UsiXML 
have many details about the presentation but not for design creativity in a Web 
environment, for instance. To provide this, we consider the use of templates, with 
which the CUI is merged to produce a version closer to user’s needs. To manage 
templates, we consider the Apache Velocity  [19] , an open source template engine 
widely applied in Web projects, without being restricted for them. However, the 
contribution here is that the task model is obtained from the business process model 
and that the UI resulting from task models is rigorously structured in terms of UI 
components and the support for traceability. 

 Usi4Biz supports identifying the impact of changes; whenever the business 
processes are updated, this tool can provide information of which other models are 
impacted, which is a parallel research work that is focused on traceability. However, 

  Fig. 3.1    Outline of the method with roles, artifacts, and tools       
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in this paper we want to emphasize on the support for UI design, by demonstrating 
how the hierarchical structure of task models can aid in organizing UIs and its 
components, which are numbered in Fig.  3.2 : (1) screen group, a group of closely 
related screens; (2) screen, a state of the user interface when executing a task or part 
of a task; (3) screen fragment, a container of related elements; and (4) screen element, 
the most atomic component.  

 Figure  3.2  depicts the prototype of Usi4Biz, through which we aim at demon-
strating the structure of the tool, not the contents of the models. On the left of the 
tool there is the business process extracted from the business process XML of a 
commercial tool, shown in a tree structure. On the middle, there is the task model 
generated from this business process. On the right, there are the UI components, 
which are applicable to generate both AUI and CUI models since the main differ-
ence between them is that CUIs are more detailed than AUIs with style guide speci-
fications. This tool is being implemented in Java 6 using JAXP and JAXB libraries 
to process XML code. 

 The definition of organizational standards for UI organization is of primordial 
interest for this organization; therefore, the use of the hierarchical structure of task 
models can enrich their UI standards by considering both structure and user interac-
tion. One example that well illustrates the effective use of task models as a bridge 
between business process and UI design is the following: a joint work between 
different departments has reached the resolution of defining that a screen is 
composed of screen title, screen fragments, and an action button. Considering that 
they directly associate screens to subprocesses, this leaves no flexibility for UI 
designers. The result is that they have screens that resemble long forms, with a long 
scroll bar. In cases like that, the task model can be analyzed by UI designers to help 
group tasks that are most similar and group them in separate screens. 

  Fig. 3.2    Prototype of Usi4Biz showing business process, task model, and UI components       
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 Providing an overview of the complexity of their business processes, it is possible 
to understand the impact of fixing the association of screens to subprocesses. One of 
the subprocesses under analysis in this case study contains 17 activities, in which each 
activity is composed of a varied number of tasks, ranging from 5 to 30 tasks, and each 
task runs business rules that also vary in quantity from only 1 to as much as 99. 

 Figure  3.3  depicts the situation in which the UI designer analyzes the complexity 
of the tasks and decides to organize them in two screens, which are interlinked. For 
space reasons, this figure depicts a decision toward grouping tasks on screens, not 
the contents of the tasks. The process of making the decision of how to group tasks 
in screens is very complex and requires experts to consider various aspects, such as 
correlation between tasks, correlation of data manipulated by different tasks, smooth 
navigation from a certain domain to another, among others. Figure  3.4  depicts a CUI 
designed for the task model according to organizational standards. To illustrate a 
problematic situation in this CUI, knowing that tasks run business rules, consider 
that as users fill out fields, certain rules are executed in parallel. One possibility is 
that the return of a rule that requires correcting values may appear on the side of a 
specific field that is positioned outside the user sight since the scroll is down on the 
screen and the return is on the top of the screen. When users finish filling out the 
fields and press the confirm button on the bottom of the page, they receive a second 
warning, which could be avoided if the screen was not so long, which imposes 
restrictive range of vision and extra navigation (i.e., scrolling). On the other hand, 
Fig.  3.5  reproduces the CUI for the second screen of the task model, which is a 
second version that is much more compact and enables a better user experience.    

 This strategy has been analyzed by top managers from the business department, 
who have given positive feedback considering cost analysis, feasibility of tool 
support, and acceptance of change for the examples in which it was applied. The 
next steps are to select a pilot project and test the tool in future case studies.  

  3.6 Conclusion  

 This work presented a model-driven UI development life cycle aimed for enterprise 
applications in organizations with extensive business processes. The experience in a 
large bank/insurance company enabled us to propose a solution for aligning business 
processes and UIs of their supporting systems, a major issue in this company as well 
as in many others in the competitive business word. This reality encourages us to 

  Fig. 3.3    UI design decision to organize screens depending on complexity of activities       
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validate this approach in other organizations with different business profiles aiming 
at analyzing their interest on the strategy and their openness to change. 

 The proposed solution is composed of a method supported by Usi4Biz, a tool that 
maps models starting with the business process model, going to the task models until 

  Fig. 3.4    UI designed for one subprocess       
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reaching UI components. Such mapping is possible through semiautomatic transfor-
mation or manual mappings, thus letting designers free to decide whether the context 
is more appropriate for transformations or not. For future work, we intend to provide 
the transformations from business process model into task models through Web 
services to enable interoperability by allowing many tools to access them.      
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