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Abstract. Currently, many hospitals are investigating the use of a work-
flow management system in order to provide support for care processes.
However, today’s workflow management systems fall short in supporting
care processes as flexibility is required for its execution. In this paper, we
investigate the flexibility requirements that need to be satisfied in order
to support healthcare processes having various characteristics. An eval-
uation shows that different systems need to be used in conjunction with
each other in order to fully support the various types of care processes.

1 Introduction

In a competitive health-care market, hospitals have to focus on ways of stream-
lining their processes in order to deliver high quality and safe care while at the
same time reducing costs [10]. Moreover, increasing pressure is being put on
hospitals to work in the most efficient way possible given projected increases in
demand for hospital care. Consequently, there is a need for technological support
in controlling and monitoring healthcare processes for patients [24] and workflow
technology is potentially a means for achieving this end. Workflow Management
Systems (WfMSs) support processes by managing the flow of work such that
individual work items are done at the right time by the proper person [2]

There are a number of benefits for utilizing workflow technology. Processes
supported by workflow systems can be executed faster and more efficiently [22].
In addition, these processes can be monitored, and consequently can be executed
more rapidly which also leads to increased patient safety.

A number of difficulties commonly arise when hospitals attempt to automate
healthcare processes as a consequence of the fact that these processes are diverse,
and require flexibility and that several medical departments can be involved in
the diagnostic and treatment process. For a group of patients with the same
diagnosis, the number of different examinations and treatments required can
be high and the order in which they are conducted can vary greatly. Due to
intermediary results of diagnostic examinations, the way a patient reacts to
the treatment provided, and the condition of the patient themself, it may be



necessary to adapt the care process for a particular patient [12]. Although care
processes tend to be ad-hoc and dynamic, it is felt that in the future more
standardization is needed. This is illustrated by the growing use and acceptance
of evidence based protocols and guidelines.

Therefore, an interesting and challenging question arises: What are the con-
siderations with regard to process flexibility when applying workflow technology in
hospitals?. Or alternatively, what kinds of flexibility are needed in order to sup-
port care processes? To answer this question, we implemented a representative
healthcare process in four workflow systems. Based on the use of a taxonomy of
flexibility, which identifies a range of approaches for achieving process flexibility,
we will discuss what kind of flexibility is actually needed in order to support the
representative healthcare process and healthcare processes in general. By using
the taxonomy it is possible to compare the workflow systems with each other
and to identify whether the systems can be applied in the healthcare domain.

As the representative care process, we have taken the diagnostic process
of patients visiting the gynecological oncology outpatient clinic in the AMC
hospital, a large academic hospital in the Netherlands. The healthcare process
under consideration is a large process consisting of around 325 activities. We
choose to implement the care process in workflow systems which demonstrate
various kinds of flexibility. For this purpose we selected YAWL [3], FLOWer
[11], ADEPT1 [35] and Declare [32]. YAWL was chosen because it is a powerful
open-source system supplying most of the workflow patterns [27]. FLOWer is
considered to be the most successful commercial system providing flexibility.
ADEPT1 and Declare are two academic systems providing new and powerful
ways of supporting “extreme” flexibility.

This paper is structured as follows: Section 2 introduces the taxonomy of
flexibility. Section 3 introduces the gynecological oncology healthcare process
in general and a subpart of it in detail. Then, in Section 4, the corresponding
implementation in each of the different workflow systems is discussed. Section 5
examines the flexibility support in each of the workflow systems. Related work
is outlined in Section 6. Section 7 concludes the paper.

2 Flexibility in Workflow Systems

In this section, we present a range of approaches for achieving process flexibility
for the control flow perspective. The flexibility of a process is its ability to deal
with both foreseen and unforeseen changes by varying those parts of the model
which are affected by them, whilst retaining the essential format of those parts
that are not impacted by the variations. The various approaches for achieving
process flexibility have been documented in the form of a taxonomy. In this pa-
per, we will only discuss a shortened version of it although we will still illustrate
each flexibility type. The complete version can be found in [28]. In Section 2.1,
each of the flexibility types will be discussed further. Afterwards, in Section 5,
we use the taxonomy to evaluate the process flexibility support in four workflow
management systems, studied in this paper.

2



2.1 Flexibility Types in Detail

Each flexibility type provides a means for business processes to respond to
changes in their operating environment without necessitating the complete re-
design of the underlying process specification, however they differ in the timing
and manner in which they operate. First of all, processes can be defined in either
an imperative or a declarative way.

– An imperative approach focuses on the precise definition of how a given set
of tasks need to be performed. Typically, it describes constraints on the
execution are defined either via links (or connectors) between tasks and/or
data conditions associated with them.

– A declarative approach focuses on what should be done instead of how. Con-
straints, which are defined as relations between tasks, are used to restrict
possible task execution sequences.

Note that for the declarative approach, fewer execution paths become possible
as more constraints are defined for the process, i.e. constraints limit flexibility.
In contrast, to increase flexibility in an imperative process, more execution paths
have to be added by extending the model.

In the remainder of this section, each flexibility type is discussed in terms of
the following characteristics: motivation – the rationale for the flexibility type;
definition – a concise description of the flexibility type; scope – the situations and
domains to which the flexibility type applies; and employment considerations –
an overview of how the flexibility type is put into use.

Flexibility by Design .
Motivation When a process operates in a dynamic environment it is desirable
to incorporate support for the various execution alternatives that may arise
within the process model. At runtime, the most appropriate execution path can
be selected from those encoded in the design time process model.
Definition Flexibility by Design is the ability to incorporate alternative exe-
cution paths within a process model at design time allowing the selection of
the most appropriate execution path to be made at runtime for each process
instance.
Scope Flexibility by design applies to any process which may have more than
one distinct execution trace.
Employment considerations The model is complete and fixed which means
that it is completely deterministic and not subject to varying interpretation. All
allowed execution paths are encoded in the model.

Determining all possible execution paths in a process definition completely at
design-time may be either undesirable from the standpoint of model complexity
or impossible due to unknown or unlimited number of possible execution paths.
The following three flexibility types provide alternative mechanisms for process
flexibility.
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Flexibility by Deviation .
Motivation Some process instances need to temporarily deviate from the exe-
cution sequence described by the associated process model in order to accommo-
date changes in the operating environment encountered at runtime. For example,
it may be appropriate to swap the ordering of the register patient and perform
triage tasks in an emergency situation. The overall process model and its con-
stituent tasks remain unchanged.
Definition Flexibility by deviation is the ability for a process instance to deviate
at runtime from the execution path prescribed by the original process without
altering its process model. The deviation can only encompass changes to the
execution sequence of tasks in the process for a specific process instance, it does
not allow for changes in the process model or the tasks that it comprises.
Scope The concept of deviation is particularly suited to the specification of pro-
cess models which are intended to guide possible sequences of execution rather
than restrict the options that are available (i.e., they are descriptive rather than
prescriptive). These specifications contain the preferred execution of the process,
but other scenarios are also possible.
Employment considerations Similar as to flexibility by design the model
is complete. However, the actual execution at runtime may vary from the strict
sequence implied by the process model, allowing for implicit scenarios. The actual
execution varies in the sense that tasks may be skipped, undone, redone or
another not yet enabled task may be invoked. Nonetheless, the execution of
valid execution paths is guaranteed. A valid execution path for an imperative
language is considered to be a directed path, according to the process definition,
on which all tasks are either skipped or completed. A valid execution path for a
declarative language is a path where no mandatory constraints are violated and
where, if needed, optional constraints are violated.

Flexibility by Underspecification .
Motivation When specifying a process model it might be foreseen that in the
future, during run-time execution, more execution paths are needed which must
be incorporated within the existing process model. Furthermore, often only dur-
ing the execution of a process instance does it become clear what needs to be
done at a specific point in the process. When all execution paths cannot be de-
fined in advance, it is useful to be able to execute an incomplete process model
and dynamically add process fragments expressing missing scenarios to it.
Definition Flexibility by underspecification is the ability to execute an incom-
plete process model at run-time, i.e., one which does not contain sufficient infor-
mation to allow it to be executed to completion. Note that this type of flexibility
does not require the model to be changed at run-time, instead the model needs
to be completed by providing a concrete realization for the undefined parts.
Scope The concept of underspecification is mostly suitable for processes where
it is clearly known in advance that the process model will have to be adjusted
at specific points, although the exact content at this point is not yet known (and

4



may not be known until the time that an instance of the process is executed).
This approach to process design and enactment is particularly useful where dis-
tinct parts of an overall process are designed and controlled by different work
groups, but the overall structure of the process is fixed. In this situation, it al-
lows each of them to retain some degree of autonomy in regard to the tasks that
are actually executed at runtime in their respective parts of the process, whilst
still complying with the overall process model.

Employment considerations At design time, the model is incomplete as there
exist tasks in the model which are not fully specified. The ultimate realization
of these tasks can be deferred until runtime. However, the execution of valid
execution paths is guaranteed. A valid execution path is considered to be a
directed path, according to the process definition, on which all underspecified
tasks are fully specified (i.e. in an deterministic way).

Flexibility by Change .

Motivation In some cases, events may occur during process execution that were
not foreseen during process design. Sometimes these events cannot be addressed
by temporary deviations from the existing process model, but require the addi-
tion or removal of tasks or links from the process model on a permanent basis.
This may necessitate changes to the process model for one or several process
in- stances; or where the extent of the change is more significant, it may be
necessary to change the process model for all currently executing instances.

Definition Flexibility by Change is the ability to modify a process model at run-
time such that one or all of the currently executing process instances are migrated
to a new process model. Unlike the previously mentioned flexibility types the
model constructed at design time is modified and one or more instances need to
be transferred from the old to the new model.

Scope Flexibility by change allows processes to adapt to changes that are iden-
tified in the operating environment. Changes may be introduced both at the
level of the process instance and also at that of the process model (also known
as change at instance level, and type or model level respectively).

Employment considerations The model is complete but not fixed. This means
that the model can be changed for running instances by e.g. adding, removing or
relinking tasks. An important criterion is that after the change the model is com-
plete again and that model correctness is guaranteed which has as a consequence
that only valid execution paths can be followed.

2.2 Evaluation of Contemporary Offerings

To validate the flexibility types, we investigated the degree of support for them in
different workflow management systems [28], specifically ADEPT1 [36], YAWL1
(version 8.2b including the worklet service) [3, 9], FLOWer (version 3.0) [7] and
DECLARE (version 1.0) [32, 31]. The selection of these workflow systems was
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based on the criterion of supporting process flexibility, which excluded most sys-
tems. In fact, most commercial systems provide little support for flexibility. The
selected systems cover distinct areas of the workflow system spectrum, such as
adaptive workflow (ADEPT1), case handling (FLOWer) and declarative work-
flow (DECLARE). The evaluation results are summarized in Figure 2, which
shows whether the workflow system supports (+) or does not support (-) the
respective flexibility type. A detailed evaluation can be found in [28]. None of the
evaluated systems provides the full range of flexibility alternatives. Flexibility
by design is (to some degree) supported by all offerings. YAWL, which offers the
so called worklet service, excels in flexibility by underspecification, ADEPT1 in
flexibility by change, FLOWer in flexibility by deviation and DECLARE excels
in two areas, namely deviation and change.

Flexibility by ADEPT1 YAWL FLOWer DECLARE

design + + + +
deviation – – + +
underspecification – + – –
change + + – +

Table 1. Product evaluations

3 Case of gynecological oncology

In this section, we will introduce the diagnostic part of the gynecological oncology
healthcare process, which we studied. In Figure 1, a snippet showing the most
important part of the process is given. Moreover, for the “referral patient and
preparations for first visit” node a part of the corresponding subprocess is shown
in Figure 2.

Figures 1 and 2 model the gynecological oncology process using so-called
Colored Workflow Nets (CWN) [6], and which is a specific class of Colored Petri
Nets (CPNs) [19, 21]. Furthermore, a CWN is a workflow model in which we
restrict ourselves to concepts and entities which are common in most workflow
languages. To this end, a CWN covers the control-flow, organizational, data
and operation perspectives. Moreover, a CWN abstracts from implementation
details and language/application specific issues. More details about a CWN can
be found in [6].

In Figure 1, the topmost page of the CWN model is shown which gives a gen-
eral overview of the diagnostic process of the gynecological oncology healthcare
process in the AMC hospital. We are dealing with a large healthcare process
involving 325 different activities. Therefore, it is only possible to show a small
part of the overall model.

As can be seen in Figure 1, the gynecological oncology process consists of
two different processes. The first process, which is modeled in the lower part
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Fig. 1. General overview of the diagnostic process of the gynecological oncology health-
care process. The green and blue nodes and arcs represent respectively the first and
second part of the process. The red nodes and arcs represent the interactions with
different medical departments.

of the picture and colored green, deals with the diagnostic process that is fol-
lowed by a patient when referred to the AMC hospital for treatment, up to the
point where the patient is diagnosed. In this process, the patient can have sev-
eral consultations with a doctor, either via visiting the outpatient clinic or via
telephone.

During such a consultation, the status of the patient is discussed and a deci-
sion is made about whether examinations and consultations need to be requested,
canceled or rescheduled. Moreover, during the course of the process, several ad-
ministrative activities like giving brochures, and registering a patient need to be
done, generally by a nurse.

Actually, the doctor can request various tests, performed by different medi-
cal departments. The interactions with these medical departments and also the
processes adopted by them are modeled at the bottom of Figure 1 and also col-
ored red. More specifically, the interactions with these medical departments are
considered as being black boxes where a request for or a cancelation of a test
is delivered and deemed to have ended when a result is known or the test is
canceled.
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Fig. 2. CWN for the first part of the gynecological oncology healthcare process.

However, it is important to note, that in the future new tests can become
available. There can even be new types of medical departments. As a conse-
quence, in Figure 1, it may be necessary to add interactions with new depart-
ments. In this way, it becomes clear, that in order to cater for varying interac-
tion with medical departments, support for a wide range of flexibility options is
needed in the process. Moreover, as a lot of different tests can be ordered, this
has as consequence that a lot of independent processes can run concurrently for
a patient. So, while being in the process of visiting the outpatient clinic there
may be a series of associated subprocesses running concurrently such that there
is a subprocess instance for each test that has been requested and for which still
no result is known.

The second process, which is modeled completely at the top of the picture
and colored blue, deals with the weekly organized meetings, on Monday after-
noon, for discussing the status of patients and what needs to be next. There
are three meetings involving the departments of radiology, pathology and a mul-
tidisciplinary meeting involving the departments of gynecological oncology and
radiotherapy.

Now, having introduced the gynecological oncology process, we will focus
on its initial stages (substitution transition “referral patient and preparation for
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first visit”), in which a doctor of a referring hospital calls a nurse or doctor of the
AMC hospital and after which an appointment is made for the first visit of the
patient. At that moment it is also decided to additionally schedule appointment
for diagnostic tests. This part of the process is shown in Figure 2. For example,
we see that the first visit of the patient needs to be planned, and that is possible
to make appointments for an “MRI”, “CT” or “pre-assessment”.

It is important to note that the process, shown in Figure 2, is considered to
be a ’standardized procedure’ for these patients in the AMC. From the figure, it
can be seen that there a number of possible courses of action that may be taken
(and the figure only shows halve of the process). Furthermore, as healthcare
processes are unpredictable, there can also be the need to skip or to add an
activity. For example, it may be necessary to skip the “plan CT” activity, even
though at the beginning of the process the decision has been made to perform a
CT scan.

It is impossible to describe the full process and the CPN model as there are
more then 300 activities involved resulting in a simulation model of more than
800 nodes. Using interactive simulation and animations, the model was validated
by domain experts.

4 Realization of the system in different Workflow
Systems

In this section, we will discuss how several different workflow systems have been
configured in order to support the healthcare processes. The workflow systems
YAWL, FLOWer, ADEPT1 and Declare have been chosen as candidate systems.
Each of them demonstrates a specific kind of flexibility, which is deemed relevant
when implementing a healthcare process in a workflow system.

In the remainder of this section, we will examine how the flexibility provided
by each workflow system has been used or can be utilized during the execution
of healthcare processes. Subsequently, in Section 5, we will classify the workflow
systems according to the taxonomy presented in Section 2 and then compare
them with each other.

4.1 YAWL / Worklets

YAWL (Yet Another Workflow Language) [3] is an open source workflow man-
agement system3, which is based on the well-known workflow patterns4 [4] and
is more expressive than any workflow language available today.

YAWL supports the modeling, analysis and enactment of flexible processes
through the use of worklets [8] and which can be seen as a kind of configurable
process fragment. Specific activities in a process are linked to a repertoire of

3 YAWL can freely be downloaded from www.yawl-system.com
4 More information about the workflow patterns can be found on

www.workflowpatterns.com
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possible actions. Based on the properties of the case and other context informa-
tion, the desired action is chosen. The selection process is based on a set of rules.
Also, during enactment it is possible to add new actions to the repertoire.

Fig. 3. Screenshots of models in the YAWL editor.

In YAWL, we used the worklet approach for modeling the interactions with
all medical departments by linking a “multiple atomic task” node to the worklet
service. This is represented in Figure 3(a) by the node with name “examinations”
which can be executed multiple times if multiple examinations are needed. In
this way, for each test the right worklet can be chosen. In case of a new test, it
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is possible to choose a corresponding process fragment, or to dynamically define
a new process fragment, and thereby extending the ruleset.

In Figure 3(b), we see the corresponding YAWL process fragment for the
first part of the gynecological oncology healthcare process. Due to syntactical
sugaring, not the same amount of nodes was needed as had been the case in
the CWN model of Figure 2. For example, the “make document and stickers”
activity in YAWL is an OR-split, which means that one or more of the outgoing
paths may be followed and others may be skipped. This OR-split is used because
the “plan MRI” and “plan CT” activities may be either performed or not. By
using YAWL’s OR-join construct the skip activities which appear in the CWN
are not needed in the YAWL model.

4.2 FLOWer

FLOWer is a commercial workflow management system provided by Pallas
Athena, the Netherlands5. FLOWer is a case-handling product [7]. Case-handling
aids process flexibility by focussing on the data aspect rather than on the control-
flow aspect. Case-handling offers four core features [7]. The first one is that all
information within a case is available, which avoids “context tunneling”. Second,
the decision of which activities are enabled is based on the information which is
available within the case, instead of the activities which have already executed.
Third, work distribution is separated from authorization. This allows for ad-
ditional types of roles, like skipping or redoing activities in the process. In this
way, many more (implicit) scenarios are possible within the process. Moreover, a
fourth distinguishing feature of FLOWer is that workers are allowed to view and
add/modify data before or after the corresponding activities have been executed.

In Figure 4(a), an overview of the FLOWer model is given. In this model, the
“examinations” node refers to the interactions with the different medical depart-
ments. This node is a so-called “dynamic subplan” which allows for concurrent
execution of a sub process. By using guards in this subprocess, the right process
will be executed for each test that has been requested. However, in case of a
new test it is necessary to change the process definition thus resulting in a new
version of the process. As indicated in [29], it can be very risky to update cases
which are handled according to the old process definition due to possible process
instance deadlock. Consequently, only new cases can be executed according to
the new process definition.

In Figure 4(b), we see the FLOWer model for the first part of the gyneco-
logical oncology process. When executing this part of the process, it is possible
to skip or redo activities. For example, we can skip activity “make document
and stickers” and continue with the remainder of the process. Furthermore, if
we have already executed activity “confirmation appointment” we still can go
back in the process to where we had to execute activity “make document and
stickers”.

5 http://www.pallas-athena.com/
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Fig. 4. Screenshots of models in the FLOWer editor.

4.3 ADEPT1

ADEPT1 is an academic prototype workflow system [35], developed at University
of Ulm, Germany. ADEPT1 supports dynamic change which means that the
process model for one individual case can be adapted. In doing so, it is possible
to deviate from the pre-modeled process template (skipping of steps, going back
to previous steps, inserting new steps, etc.) in a secure and safe way. That is,
the system guarantees that all consistency constraints (e.g., no cycles, no missing
input data when a task program will be invoked) which have been ensured prior
to the dynamic (ad hoc) modification of the process instance are also ensured
after the modification. The intention of the next version (ADEPT2) is to provide
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full support for changes, including the propagation of process schema changes
to already running instances [13].

Fig. 5. Screenshot of the ADEPT1 client which shows the changed model and the
worklist. AND-splits/joins are represented by a black rectangle in a node and XOR-
splits/joins are represented by a black triangle in a node.

To this end, in Figure 5, we see how the first part of the gynecological on-
cology process is mapped to the ADEPT1 language. As ADEPT1 only supports
simple data types, like string or integer, we were only able to model 10% of the
process, which corresponds to the first part of the process.

In the ADEPT1 language, activities are represented by rectangles. However,
as we only have XOR/AND-split/join constructs, we need to introduce dummy
activities which are not executed by users. For example, the “make stickers and
document” activity in ADEPT is an AND-split and the “make decision” activity
is an XOR-split.

The activity “order drug” has been dynamically added to the model by se-
lecting the option “insert new activity” from the “Dynamic modifications” menu
in the worklist. More specifically, the activity “order drug” has been inserted af-
ter activity “make decision” and before activity “make document and stickers”,
which allows for ordering a drug in between activities “make decision” and “make
document and stickers” and which is also reflected in the worklist. Note that it
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is checked by ADEPT1, whether we are allowed to dynamically add the activity
or not.

4.4 Declare

Declare is another academic prototype workflow system focusing on flexibility
[32, 31]. In Declare the language used for specifying processes, called ConDec, is a
declarative process modeling language, which means that it specifies what should
be done. Imperative process modeling languages, like YAWL and FLOWer, spec-
ify how it should be done, which leads to over-specified processes. By using a
declarative rather than an imperative / procedural approach, ConDec aims at
an under-specification of the process where workers have room to “maneuver”.

The ConDec language allows for modeling and enacting dynamic processes
and is based on Linear Temporal Logic (LTL). In this way, it can be specified
which behavior is forbidden. Moreover, within Declare it is assumed that users
already know what should be done. The users can execute activities in any order
and as often as they want, but they are bound by certain specified rules.

Furthermore, Declare also supports dynamic change, so that the process as-
sociated with individual cases can be adapted. In Declare, this means that it
is possible to deviate from the pre-modeled process template by adding or re-
moving activities or constraints. Also, model correctness is guaranteed and it
is checked by Declare whether the changes are allowed or not for the cases for
which the changes are intended to be applied.

Fig. 6. Screenshot of the Declare editor.

In Figure 6, we see how the first part of the CWN of Figure 2 is mapped to
the ConDec language. Also in Declare we only modeled 10% of the whole process
due to the availability of only scalar data types.
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In the ConDec language, the activities are represented by rectangles. More-
over, each different LTL formula, which can be used in the model, is represented
by a different template, and can be applied to one or more activities, dependent
on the arity of the LTL formula which is used. Note that the language is extensi-
ble, i.e., it is easy to add a new construct by selecting its graphical representation
and specifying its semantics in terms of LTL.

For the model in Figure 6, we dynamically included the “order drug” activity
and the response constraint between this activity and activity “enter patient data
into system”, which means that after executing “enter patient into system” there
is the option to execute the “order drug” activity. After clicking on the “verify
button” we get the message “No errors were detected” which means that the
change is permitted.

Furthermore, in Figure 6, we see that after the “enter patient data into sys-
tem” activity the activities “plan first visit” and “order drug” can be done which
is indicated by a response arc going from the “enter patient data into system”
activity to these activities. However, it is only modeled that these activities need
to be done and not in which order. It is up to the user themself to decide in
which order these two activities need to be done and also whether the “order
drug” activity should be performed or not.

5 Evaluation

In Section 2.1 four different approaches to achieve process flexibility have been
discussed. First. for the case of gynecological oncology we will discuss which
flexibility approach is the best candidate for supporting the healthcare process
under consideration. Following on from this, we will distinguish different kinds
of healthcare processes and offer a basis for classifying their specific flexibility
requirements. In this way, it becomes clear which kind of flexibility is needed for
which kind of healthcare process. Finally, we use this classification to evaluate
the capabilities of the offerings discussed in Section 4 in order to determine which
of them can provide the best support for which kind of healthcare process.

Gynecological oncology healthcare process Clearly, the gynecological on-
cology healthcare process that we discussed before is an organizational health-
care process. Organizational processes consist of organizational tasks like med-
ical procedures that need to be planned, appointments with different service
providers that need to be scheduled, and reports that need to be written, trans-
mitted and evaluated. Thus, a collaboration between people from different de-
partments is a vital process characteristic. Moreover, the process is repetitive,
but non-trivial. Unlike medical treatment processes, organizational processes do
not provide any support for medical decision making by means of medical guide-
lines or medical pathways [24]. Note that also for the classification of healthcare
processes we only focus on organizational processes.

The gynecological process, shown in Figure 1, is performed in an academic
hospital (AMC, Amsterdam). The process deals with gynecological oncology pa-
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tients for which the AMC is a reference center. As can be seen in the figure
many different departments can be involved in the process of diagnosing a pa-
tient. Although in general, the art and the number of diagnostic tests is known,
the total number of examinations is determined by patient characteristics and
already performed diagnostic tests and the quality of these tests. To this end, it
is not known beforehand or during the diagnostic process itself, which tests need
to be undergone by a patient. Clearly, complex care needs to be delivered. To
this end, flexibility by underspecification is an interesting candidate in order to
provide support for the process, as it allows for the definition of an incomplete
model for which the ultimate realization of tasks can be deferred until runtime.
For example, the selection of tests to be performed can be made at runtime.
Nevertheless, some parts of the process can be clearly defined.

Healthcare 
process

Elective care Acute care

High
complication
probability

Low
complication
probability

No diagnosis,
Low complexity

of care

Diagnosis,
High complexity

of care

No diagnosis,
High complexity

of care

Diagnosis,
Low complexity

of care

type

Complication probability

Diagnosis known,
Complexity of care

Fig. 7. Classification of healthcare processes.

Healthcare processes Next to the healthcare process discussed earlier, there
exist many other (organizational) healthcare processes with totally different
characteristics for which other requirements with regard to flexibility will ex-
ist. In Figure 7, we can already see which different healthcare processes will
be distinguished in the sequel. As we can see in the figure only organization
healthcare process will be considered, which, mainly, can be subdivided into the
following two types of processes:

– acute care deals with critically ill patients in which patient conditions change
rapidly.

– elective care for which it is still medically sound to postpone treatment
for some days or weeks. Consequently, this kind of care can be planned
in advance.
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It is clear that acute care can not be planned and needs to be done in an
ad-hoc fashion. Depending on the condition of the patient, which can change
every minute, the right actions need to be chosen. To this end, flexibility by
change is the best candidate for supporting such an ad-hoc process as the model
is not fixed and can be changed into another completely specified model, thereby
guaranteeing model correctness.

However, elective care can be planned in advance but still several distinct
classes can be identified. The focus is on presenting a classification which covers
the majority of the elective care as it is infeasible to cover everything due to
the unexpected character of healthcare processes. First of all, we propose to
make a distinction between healthcare processes for which the probability that
complications arise is high or low. Depending on the patient that is dealt with,
this probability can vary.

Typically, when such a complication occurs it has a high impact on the pro-
cess as it requires the process to be changed dramatically in some parts. After
these changes, the process needs to be made complete again so that it can be
executed. The kind of flexibility needed in this situation is provided by flexibil-
ity by change. Consequently, healthcare processes for which the probability on
complications is high can best be supported by flexibility by change.

Contrary, elective care for which the complication probability is low, no dra-
matic changes are to be expected in the process execution. Nevertheless, different
classes can be identified which have their own requirements with regard to pro-
cess flexibility. To this end, we propose the following dimensions: complexity of
care and diagnosed. Complexity of care indicates the extent of care which is
delivered to a patient, which can be either high or low. Diagnosed, indicates
whether a diagnosis is known for a patient or not. In the diagnosis phase, pri-
marily diagnostic tests are performed whereas in the treatment phase primarily
treatments are performed and tests for deciding about the next steps to be done.

In case the complexity of care to be delivered is low only a few departments
are involved in diagnosing and treating the patient. More or less, a standard
process can be followed for diagnosis and treatment. For the diagnosis process,
there is still the challenge of finally diagnosing the patient. However, as there
is already an indication suggesting that low complexity of care will be required,
more or less a standard process can be followed. In the case, that a diagnosis is
known, the process to treat the patient will also be clear.

To this end, both the diagnostic and treatment processes can be incorporated
in a complete model. However, in order to be able to capture these processes in a
model, a high amount of flexibility by design is needed. Nevertheless, for most of
the care processes, occasional unforeseen behavior should be anticipated, where
the actual execution at runtime varies from the strict sequence implied by the
process model, like the skipping of a registration step. This can be provided by
flexibility by deviation.

However, the complexity of the care to be delivered can also be high. Typ-
ically, this kind of care is very specialistic care which involves special diagnos-
tic tests and treatments in specialized centers. Moreover, collaboration between
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several disciplines is needed. Diagnosing a patient can be very challenging as
for some patients it can not be anticipated which diagnostic tests need to be
performed. Also, when a patient is finally diagnosed a careful choice needs to
be made about the next steps to be done. So, as treatments are performed it
needs to be decided which additional treatments or diagnostic tests need to be
undertaken and by which discipline. Such a decision also heavily depends on
intermediate results of diagnostic tests, the way a patient responds to the treat-
ment offered, and the condition of the patient themself. Clearly, for this kind of
process, the ultimate realization of some parts of the model needs to be deferred
until runtime. This can be provided by flexibility by underspecification.

Table 2 summarizes which flexibility approach is considered important for
which kind of healthcare process. This does not imply that if a flexibility type has
not been indicated for a specific type of healthcare process that is not relevant,
but it is considered to be of less importance.

flexibility by flexibility by flexibility by flexibility by
design deviation underspecification change

acute care X

Elective care

high complication
probability

X

low complication probability

low complexity, no
diagnosis known

X X

low complexity, diag-
nosis known

X X

high complexity, no
diagnosis known

X

high complexity, di-
agnosis known

X

Table 2. Flexibility needed for each kind of healthcare process.

System support Furthermore, from Table 1 it can be seen which kind of
flexibility is provided by each system. If we combine these results with the results
from Table 2, we can derive which system(s) can provide the best support for
each kind of healthcare process.

The table shows that each flexibility type is relevant for supporting health-
care processes. For a low complex elective care process a choice needs to be made
between flexibility by design and flexibility by deviation. As FLOWer supports
both types, this system will be the best candidate. On the other hand, for high
complex elective care processes, flexibility by underspecification is needed. To
this end, YAWL will be the best candidate. Finally, for both acute care pro-
cesses and processes with a high complication probability, flexibility by change
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is needed. As can be seen in [28], ADEPT1 and Declare both support ad-hoc
change, so they are both candidates.

As already said before, the gynecological healthcare process is an elective
care process in which complex care needs to be provided. Consequently this care
process can best be supported by the YAWL workflow system because of its
worklet service.

6 Related Work

From the literature, it can be recognized that many workflow systems are not
suitable for the healthcare domain [10, 23]. The current generation of workflow
systems adequately supports administrative and production workflows but they
are less adequate for healthcare processes which have more complex requirements
[10]. In addition, in [33, 34], it has been indicated that so called “careflow sys-
tems”, systems for supporting care processes in hospitals, have special demands
with regard to workflow technology. One of these requirements is that flexibility
needs to be provided by the workflow system [25, 40]. Unfortunately, current
WfMS significantly fall short with regard to providing flexibility, which is also
seen as a problem in the literature [5, 7, 8, 14, 20, 37]. Also, once a workflow-based
application has been configured on the basis of an explicit process model, the
execution of related process instances tends to be rather inflexible [1, 35, 38, 43].
Consequently, its lack of flexibility has significantly limited the application of
workflow technology. The workflow systems that we chose in this paper (YAWL,
FLOWer, ADEPT1 and Declare) allow for more flexibility than classical work-
flow systems.

Moreover, with regard to the requirements for applying workflow technology
in the healthcare domain, in [17] it is indicated that real time patient monitor-
ing, detection of adverse events, and adaptive responses to breakdown in nor-
mal processes is needed. As adaptive workflow systems are rarely implemented,
this makes current workflow implementations inappropriate for healthcare [41].
Also, [12, 15, 26, 25, 40] stress that workflow systems have to support dynamic
adaptation of running workflows to handle the flexibility of healthcare (ther-
apy) processes. In case of breakdowns, managing exceptions is unavoidable [16].
Furthermore, in a real clinical setting, it is a critical challenge for any workflow
management system that it is able to respond effectively when exceptions occur
[30].

Furthermore, another significant gap is that no support is provided for the
multidisciplinary nature of healthcare processes. In [42, 18, 39], the processes
for only one department in a hospital are supported by a workflow management
system. So, a requirement is that support needs to be provided for the support of
cross-departmental healthcare processes which is stressed in [24, 12, 40]. Finally,
a completely different requirement is that autonomous, independently developed
applications need to be integrated in workflow processes and this is a risky, costly
and time-consuming activity [23].
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7 Conclusions

In this paper, we have investigated the flexibility requirements that need to be
satisfied by workflow management systems in order to support organizational
healthcare processes. First of all, a taxonomy of flexibility is presented which
identifies four different approaches for achieving process flexibility for the control
flow perspective. The four flexibility types, that make up the proposed taxon-
omy, differ with respect to the moment and the manner in which both foreseen
and unforeseen behavior can be handled in a process. As a running example, we
used the AMC’s gynecological oncology healthcare process consisting of more
than 300 different activities which has been implemented in four different work-
flow systems, each of which demonstrates some form of flexibility support. For
this process, we identified that flexibility by design and flexibility by underspec-
ification need to be provided, which both can best be provided by YAWL.

Furthermore, we identified different types of healthcare processes which each
have their own requirements with regard to flexibility. Our results, demonstrate
that all flexibility types are useful for supporting specific types of care processes.
Second, individual systems tend to exhibit a degree of specialization in their
approach to process flexibility, which has as consequence that different systems
need to be used in conjunction with each other in order to fully support all care
processes. In order to promote the use of workflow management in hospitals, the
focus should be on enhancing existing tools and/or development of new ones for
providing a greater support for flexibility.

A limitation of our approach is that only one healthcare process has been
considered. Future research can focus on implementing healthcare processes with
various characteristics in several workflow systems so that deeper insights can
be gained in the process flexibility requirements.

In this paper, we only focussed on the control flow perspective of care process.
One line of research would be to investigate what the flexibility requirements are
when looking at other perspectives, such as the data, resource and application
perspectives.
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