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Abstract. Within ERP systems, workflow models are used by business
analysts to specify which business processes the system supports. The
workflow model specify which actors that performs what activity in what
sequence and the required resources. Within user interface (UI) design
task models are used to develop task-centric user interfaces. Task-centric
Uls can increase systems’ usability as it focuses on the end-user. In this
article we will show how task models together with other models used
in the field of model-based UI design can be created within the context
of already existing workflow models. We show how standard tasks can
be defined as editable Ul components allowing role-based composition of
the UI with support from the workflow model.
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1 Introduction

Enterprise Resource Planning (ERP) systems are off-the shelf business applica-
tions providing a tightly integrated solution to organizations’ information sys-
tem needs [27]. ERP benefits include best practice business processes, real-time
access to information and shared practices across the entire enterprise. One im-
portant characteristic of ERP systems is the fact that they are pre-built software
packages designed to meet the general needs of a business sector instead of the
unique requirements of a particular organization [I]. To be able to deliver such
huge software packages, ERP vendors use different business process models in
their overall description of the system to describe the supported processes and or-
ganizational structures together with the structure of data and objects [I3]. The
reference models are founded upon what the vendor considers being the indus-
trial best practices, that is, the most efficient way the business processes should
be structured [5]. SAP uses Event Process Chain (EPC) models to document
the system’s functionality [12] while Microsoft uses Business Process Modeling
Notation (BPMN) to describe the business domain. These are descriptive models
documenting the existing software (in contrast to prescriptive models that are
used as a specification of what to create) [I5].

In this article we use models and information collected from a large company
developing ERP systems and show how prescriptive task models can be con-
nected to descriptive workflow models. The company currently runs a project
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where the ERP system’s functionality is modeled using workflow modeling. The
intention is to use the models as documentation in implementation projects. In
addition there is an interest in investigating how these models can be reused in
other contexts. We want to show how they can take advantage of model-based
user interface design (MBUID) to allow flexible role-centered composition of user
interfaces in the context of the workflow models. Role-based access and portal
solution is considered the answers to the severe usability problems identified in
ERP systems [1].

A challenge with role-based systems is how to keep the number of roles on
a manageable level. When new functionality is added, should this result in the
creation of a new role? A single person typically fulfills several roles, and the
combination of roles users have differs among companies. Flexibility in creating
user interfaces (UI) for various combinations of roles is therefore important.
We will explore a systematic way to define what needs to be included in the
UI for one particular user based on her participation in the workflow process.
The workflow model defines what tasks need to be fulfilled and their possible
ordering; hence the workflow model is suitable as a ‘frame’ for creating task
models. A task model typically focuses on modeling the work of an individual
user.

A short introduction to task and workflow modeling is given in section [2]
and we discuss how MBUID and workflow models by virtue of coming from
different research traditions have differences in concepts, focus and pragmatics.
Our work take advantage of existing modeling languages proved useful in one
context, and proposes how they can be combined to add value in an industrial
context. Section[Bdescribes relevant aspects of the ERP vendor organization, and
describe our approach by showing a practical example. In section @l we explain
how to make use of pattern structures to compose role-oriented user interfaces so
that the highly detailed, executable dialogue models can be wrapped into easier
to work with lesser detailed components. We have discussed our approach with
the user interface developers in the company and report some of their first-hand
comments. Finally, in section Bl we conclude and give some notes on future work.

2 Different Modeling Traditions and Their Relation

We will give a short introduction to task modeling and explain how task models
relate to other models used in MBUID. Workflow modeling is then introduced
before the relationship between task modeling and workflow modeling is dis-
cussed. Based on our discussion we argue for the choice of modeling languages
used in the case study.

2.1 Task Models and Model-Based User Interface Design

Task modeling is often used first in the analysis phase to understand and com-
municate the problem domain (resulting in a descriptive model), and later on
as a prescriptive task model for the system to be designed (as e.g. the DUTCH
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method using GTA [33]). Examples of task modeling languages are: Méthode An-
alytique de Description des taches (MAD)[26], Task Knowledge Structure (TKS)
[11], GroupWare Task Analysis (GTA) [32] and ConcurTaskTrees(CTT)[I9]
which all support designers by hierarchically decomposing tasks, defining ob-
jects manipulated and the role responsible for performing the task.

The vast number of task modeling notations results in semantic and syntactic
differences which are discussed by e.g. [14] and [35]. Based on their analysis
a uniform task model is created which includes concepts like: task and goal
hierarchies, operators that express temporal constraints between task, some role
concept to deal with co-operative aspects, and objects with possible actions.

Task models are considered one of the viewpoints in the model-based com-
munity [20]. Viewpoints are related to both abstraction level and focus of the
model. Is the level of detail high and is the focus on the task or on the UI?
Models with different viewpoint are:

1. Task model and object model represent the highest level of abstraction and
their focus is on user’s goals, tasks and what objects that are manipulated
(the object model is often referred to as a domain model).

2. The second layer is the abstract user interface describing the structure and
behaviour of the user interface [29].

3. The third level involves building a concrete user interface specification defin-
ing the platform dependent look and feel of the interface.

4. The fourth level is the final user interface which is the running interface
implemented on a specific software environment.

Model-based user interface design (MBUID) processes often start with a task
related model that is evolved through an incremental approach to the final Ul
[4]. In each of the transformation phases the designer has the possibility to
manually change the generated artefact, and the modification is preserved when
regenerating the Ul

The concept of tasks is very similar to that of processes (in a workflow); the
difference is mainly that of scope and focus. Processes typically relate directly to
organizational goals, while tasks focus on the goal and actions of individual users
playing a role. Hence, a task model may be seen as a refinement of a process
model, in the context of a specific user role [28].

2.2 Workflow Modeling

Workflow models focus on how work is done to accomplish some organizational
goals. It defines how documents, information and tasks are passed between hu-
man or other actors in the enterprise [25]. Important workflow characteristics
are tasks/activities that are performed by role-playing persons using supporting
tools that give access to various shared information resources [I7] [2].

In the literature there is confusion about the differences on business process
models and workflow models. According to [10] a business process is defined by
a process definition and managed by a workflow management system. Hence the
process model includes the workflow model.
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Many workflow modeling languages have formal semantic built on Petri nets
[25]. A Petri net is a directed graph with a mathematical formalism facilitating
visual modeling on the one hand and formal analysis, verification and validation
of the model on the other. An example of such a language is Yet Another Work-
flow Language (YAWL) [31]. Informal workflow modeling languages includes
Event-Process Chain (EPC) [12], Action Port Model (APM) [2] and Business
Process Modeling Notation (BPMN) [8]. BPMN is defined by the Object Man-
agement Group and offers a rich notation for workflow modeling. The notation
supports decomposition of processes into sub-processes and tasks. A task is an
atomic activity and cannot be decomposed further. A task can usually be per-
formed by an end-user and/or an application [g].

2.3 The Relation Between Models

We will use a two-dimensional representation framework to discuss how dif-
ferent modeling notations used by different research traditions relate to each
other. The representation space is shown in figure[ll The problem/requirement-
solution/design dimension say something about how tight the model is connected
to the final design. While problem-oriented notations describe goals and require-
ments to the design in abstract manners, solution-oriented notations describe
aspects of the artifact we are designing and give specific details on the envi-
ronment the artifact will act in. Along the problem-solution axis models have
different granularity, which is the second dimension. Business processes (BP)
have high granularity as they describe the activities businesses undertake to
reach their business goals. Workflow models (WF) need to include more details
to be executable by a workflow management system. The task model (TM) is
partly overlapping the workflow model since the lowest level of workflow mod-
els usually is a task performed by one actor. A task performed by one actor is
typically the highest level in a task model describing which sub-task that must
be completed to reach the goal of its parent task. Dialogue models (DM) add
details of the functionality and the interaction that the UI provide. Dialogue
models and task models together cover the same area of the problem-solution
axis as workflow models, but have lower granularity. A model of the concrete
interaction (CIM) is very close to the final system, and has a low granularity
specifying both visual details (e.g. layout, widget usage, etc.) and interaction
(keyboard and mouse).

As we have explained, different modeling notations cover different areas of the
representation space. We emphasize the following differences between workflow
and task modeling:

— Different research tradition: Workflow models have their origin in orga-
nizational theory. Hammer stated in [9] that usability was a “second order
issue” and should only be considered when all other functionality has been
considered. “The important thing for automated office application were: (1)
functionality; (2) functionality; (3) nothing; (4) functionality; and only then,
(5) everything else” [0l page 119]. Task models come from the field of human
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Fig. 1. A representation framework for classification of modeling languages

factors [21] and are used with the aim of increasing usability of computerized
systems. This naturally leads on to the second difference:

— Difference in focus: In workflow models the focus is on how to reach
organizational goals. In task modeling the focus is on the goals of individual
users. It is important to be aware of the difference between organizational
goals, the individual goals and how they are related as they might not be
aligned [34].

— Differences in concepts: Section 2l pointed to the mixture in concept def-
inition between task models, and the same mixture is present if we consider
concepts across task models and workflow models. As [21] point out, a con-
cept defined in a task model can be used in a workflow model with a different
meaning. This gives a pragmatic problem across modeling languages.

When a combination of workflow models and task models are considered these
differences must be taken into consideration. In the next section we choose which
modeling languages we will use in our case study.

2.4 Selection of Modeling Languages

Our case study company use BPMN for workflow modeling, so these models are
kept and used directly. Because of the considerable overlap in workflow and task
modeling concepts, we have considered the possibility of extending BPMN so
that it also can be used for task modeling. However, because of the difference
in focus and use of concepts, we think that it is useful to have two separate
notations and instead emphasize that the focus shifts from being about orga-
nizational goals to considering individual users’ goals. BPMN uses swimlanes
for modeling the responsibility of actors, which generally is problematic when it
comes to decompositions. For these reasons we have chosen to use Taskmodl [29]
which is a task modeling language with its origin both from the workflow tradi-
tion and the tradition of task modeling and analysis. It was created with the aim
to narrow the gap between workflow and task modeling and it is based on the
workflow modeling language APM [2]. The main APM concepts are interpreted
in the context of task modeling [29] resulting in a notation supporting the tradi-
tional hierarchical sequence-oriented style typical for task modeling languages.
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Taskmodl supports decompositions of BPMN tasks into user-centric task hier-
archies, specify resources, actors and sequence constraints. To model the user
interface we will use Diamodl [29] [30] which is an executable modeling nota-
tion for abstract user interface specification developed to be used together with
Taskmodk. Central for our approach is that the Ul models should be editable
and result in a running Ul. Diamod]l satisfies this requirement.

3 Models from a Real World Company and Their
Relation to MBUID

We will show how a workflow model developed at a large international ERP
vendor can be used as a starting point for creating a task-oriented user interface.
We call the vendor ProERP and explain the models they currently use in their
developing organization before we show how a MBUID approach can be pursued
in connection to this information.

To aid the software development ProERP uses a model of the business domain
as a common point of reference. The model is split into two representations:

— User and Organizational Model has the individuals and their organiza-
tional relationship as focus. The users are described using Personas [3] [24].
A Persona is an archetype of an actual user and included in the Persona
description is information stating what roles a Persona can take and what
tasks he or she is responsible for. The numerous Personas are grouped into
departments, and each department is illustrated by organizational charts.

— Business Process Model has a supply chain perspective and is decom-
posed into the activities involved in the business process. The processes are
grouped together and placed within departmental borders, showing which
department is responsible for which processes. The business process shown
in figure[2lis one of seven business processes grouped under the ” Operations”
department.

The two model representations describe the same world, but with different
perspective. The information used in this case study is based on this generic
model together with documentation that was provided by two other projects.
ProERP had a project that decomposed the business process model into BPMN
diagrams and the uppermost diagram in figureBlis from that project. In addition,
documentation from a user interface development project lead by the UI design
team is used.

When new functionality is designed, the Personas that should participate are
identified and used as leading actors when developing scenarios [22] describing
the functionality. Detailed information concerning the business domain and what
is required for the new functionality is provided by domain experts participating
on the design project. The Ul design specification consists of sketches of the user
interface drawn with a drawing tool and supplemented by textual description of
the interaction. For usability evaluation Powerpoint slides are used.
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Fig. 2. Example of business process

The process steps in figure [2] are further decomposed into BPMN diagrams
showing which activities that are carried out to execute the process. In topmost di-
agram in figureBlone of the decompositions under “Manage purchase requisitions
and orders” is shown. Sara (which is a Purchaser) first creates a purchase order
(PO). The PO is then transferred to the stack of outgoing, awaiting PO’s and she
can choose when she wants to communicate the PO by sending it to the supplier.
The supplier must send an order acknowledgment before a pre-defined time has
elapsed, otherwise a rule triggers and the PO is put into the stack of PO’s awaiting
for order acknowledgment. A reminder should then be sent to the supplier.

Each of the boxes in the BPMN model is a task suitable for one person and can be
considered the highest level in a task model hierarchy modeled in a task modeling
language. The decomposition of the Create PO task is shown in the task structure
in the lower part of the figure[3l The rounded rectangles are tasks, with an identi-
fier and a name in the top compartment. The lower compartment is optional and
contains the resources necessary for the task and the actor performing the task
(shown in the parent task). A middle compartment can be added with a task de-
scription, but we have not used this compartment in this figure. The resources that
are sent between tasks are flow resources triggering the execution of the following
task (e.g. PO and Product). The circle enclosing the arrow means that the tasks
need to be executed in a fixed sequence. To create a purchase order Sara has to find
the products, add them to a requirement list and then generate a purchase order
from the requirement list. How to accomplish a task is a question of design and
requires domain knowledge and knowledge about constraints in the software. In
the current user interface design process, the designers in ProERP create scenario
descriptions and sketches of the user interface to describe the functionality.

The task model describe “what to do” but does not include the “how to do
it” knowledge describing how users accomplish a task in the Ul using interaction
objects, state and data flow specification. This is information typically specified
in a dialogue model. Dialogue models are suitable for representing abstract inter-
action tasks as selecting an element from a set of elements or pushing a button
to trigger some functionality. We have developed dialogue models for each of the
leaf node tasks of the Create PO tasks tree in figure Bl based on the UI designers
description of how the UI should look like and behave. As it seems to be essential
for the user interface designer to have complete control of the design process, we
have not pursued a more formal derivation of the dialogue model from the task
model as done e.g. by [16].
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The abstract user interface model is drawn using DiaModl notation, and
figure @ shows the dialogue model for the task 1.1 Find Product. Interactors
are drawn as rectangles with a name describing their functionality. Attached to
the interactor’s left side are gates which define user input (pointing outwards)
and output to the user (pointing inwards). The free floating triangle is a com-
putation with functionality as indicated by the description (match). The edges
between elements are connections, and define flow of data. The Product object
is from the domain model. To find a product the user first search for the product
by typing the product number. For each digit the user types, a match function
filters the product list and highlights the first product that match. Some of the
attributes of the supplier and product object is displayed to the user.

The dialogue model shows an abstract model of the interaction which can be
used as a specification for the concrete implementation of the UI. The interactor’s
input/output signature determines a set of concrete interactor objects (e.g. a set
of standard widgets) that can replace the abstract user interface component.
The lower model in figure @l show how the abstract interactors are replaced with
concrete ones matching their input/output signature.

4 A Role-Oriented Approach to Dialog Composition

When creating a homepage for a specific user with a different role composition
than the ones in the pre-defined Persona description, the BPMN diagram can
be used as a starting point for creating task models. Using task models, the
necessary steps for solving the BPMN tasks identified in the workflow model can
be modeled in a user-centric way. Our experience from the case study indicate
that each of the BPMN tasks are candidates for being the top level of a task
structure accessible directly from the employee’s personal homepage.

Since the low-level tasks encapsulate a dialogue structure, a task-oriented user
interface can be created by assembling the dialogue fragments for the required
set of tasks. As noted by [I8] modeling the user interface of an interactive system
in sufficient details to be “run” soon becomes an overwhelming task - and an
abstraction mechanism is required to get the “big picture” of the system. To
reduce this complexity we suggest using task model components as patterns for
how standard tasks can be solved. Patterns give a generic solution to a problem
and should be adapted to the specific problem [19]. Composing a UI then will
consist of defining which tasks are needed, plug together the dialogue fragments
and do possible adaption to the standard structure. For example if a specific user
needs to search for a product using supplier name instead of product number as
the abstract dialogue model in figure[d] prescribe, it is possible to edit the model
to support search on supplier name by adding the supplier object as a resource
in the interactor.

In large software development organizations like ProERP, Ul designers and
developers work in different, disperse teams. The designer wants to be in charge
of the UI design, but as paper prototypes “do-not-fly” in ProERP, they need
to spend much time drawing the Ul and “implementing” the interaction using
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power-point slides. On the developer side it is required to have a précis descrip-
tion of the UI and what specific business objects that are used. Having a library
of standard UI components will make it quicker for the UI designer to create a
prototype of a running UI which can both be used in usability testing and as
design specification to developers. It is important that the designer is still in
charge of the UI design and has complete control of the model.

Presenting our approach to Ul designers at ProERP they suggested that if
they could be in charge of designing and testing such standard components, the
developers could implement them and return them to the UI design team. The
design team could then use the components as a resource when designing new
Uls. Since designers and developers are grouped into two disperse teams the Ul
design ideas are communicated through scenarios for some illustrative example
cases that demonstrate the principles the UI should follow. The information is
supplemented with design guidelines handed over to the developing team. As a
consequence the Ul designers have not complete control over the look-and-feel
of the final Ul. Having a library of standard UI components for solving common
tasks will help assure consistence across different Uls.

In this paper the approach is presented as a linear process moving from the
workflow diagram towards the final user interface using several models along the
way. However, this is done purely for explanatory reasons. For Ul designers, it is
also relevant to move from a concrete Ul design towards the abstract design. Af-
ter all, people tend to prefer to think in concrete terms instead of abstract terms.
It is equally relevant to support starting with a concrete design for thereafter
specifying its abstract and formal structure and behavior.

It is important that models are used as design aid for the Ul designers. We
do not believe that an automation of the design process will be appreciated.
Presenting this approach to the UI designers in ProERP they commented that
having a library with standard tasks (designed by them) that are editable would
be a feature, not a limitation for their work.

5 Conclusion and Future Work

In an ERP domain many of the same or similar tasks are performed by different
people having different subsets of roles within an organization. We have proposed
an approach where models from the field of model-based user interface design are
used in the context of workflow models to allow role-centric composition of ERP
systems’ UL, As the suggested Ul components are defined using an executable
modeling notation, they can be edited and thereby allowing tailoring of the UI.
Typical cases where editing would be relevant is when a user should be allowed to
take shortcuts compared to what is considered the standard process (e.g. create
a purchase order without getting a requisition from the manager).

In the suggested approach the transition from a task model to a dialogue
structure is a matter of design decisions from the Ul designer. We do not provide
design support for determining a useful mapping from the task model to the
abstract user interface model as done in the methodology proposed by [23].
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They provide a decision tree for selecting an abstract interaction object fitting
the task. We need to consider whether such support would be appreciated by the
UI designers in the ERP domain. Also, the appropriate size of the Ul components
needs to be investigated further.
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