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Designing Effective Workflow Management Processes
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1. Introduction
Every organisation, whether it is an industrial organisation like a factory or it is an
office organisation like a bank. an insurance company or a government office, has
operational (primary and secondary) processes that are essential for the organisation's
existence. For example in a bank one can expect to find a primary process that covers
issuing loans. while an insurance company will probably have a primary process
dedicated to handling claims made by their clients. One of the functions of an
organisation's management is to control these operational processes. First, the
managemcnt is responsible for a proper design of thc operational processes. After the
design, it must see to it that the operational processes are executed in such a way that
the organisation· s goals are achieved. The processes that support the management in
this control function are called the control processes. In situations where the
operational work processes involve the manipulation of information and thus the use of
information systems. the control processes can be partially automated. This implies
that a part of the support of the control function is realised by an information system.
The approach called workflow management (WFM) aims at supporting management in
the control function. It docs so by using an information system to control the
I Authors address: Eindhoven University of Technology, Group Information Systems,
PO Box 513, 5600 MB Eindhoven, the Netherlands; phone: (31) (40) 247 27 33; fax
(31) (40) 246 39 92.
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operational processes. In particular, a workflow management system (WFMS) is an
information system that helps in practically controlling operational processes which are
executed using information systems. While both industrial and office organisations
need to control their operational processes, we focus in this paper on office
organisations. Offices have operational processes for which the WFM approach is best
suited, since the primary function of an office is to create und manipulate information.
One therefore sees a focus of WFMSs to support office organisations.
As an organisation is a dynamic entity living in a rapidly changing environment, the
control of its operational processcs is highly dynamic itself. It is commonly understood
that it is necessary for the management of an organisation to continuously adapt the
operational processcs to events happening in the processes' environment. However,
the changing environment docs not only have its effect on the operational processes,
but also on the way in whieh the management executes the control of those processes:
it has an effect on the control processes. Therefore, the control function and the
control processes implementing this function, must be highly flexible too. Figure I
shows the relation between the controlling and controlled processes embedded in the
environment, based on [Mantz et a!., 1990].
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Figure I: Controlling and controlled processes.

In order to efficiently implement this Ilexibility, we suggest that the controlling
(management) processes should be considered as part of the entire process, in the same
way as the controlled (operational) processes are considered. The flexibility of the
entire process, consisting of controlled and controlling processes, acts as a measure for
the tlexihility of doing business: a business process should not be measured only by the
quality of the operational processes. The controlling (control) processes build
important tools for the management to run its business: the tlexibility of the controlling
processes reflect the competitive decisiveness of the business organisation.
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When we consider current WFMSs, we can see that they do support the (controlled)
operational processes, They are however designed for stable and structured processes,
and they have proven to be suitable solutions for operational processes that are highly
structured, in which large numbers of cases are handled and that remain unchanged
during a long period of time, The success stories of WFM often relate to back-office
processes for which the optimal process layout has been established. The consequence
is that "traditionally" WFMSs are mainly used for production processes that can
effectively and efficiently be spccilicd in detail and in which the control function is
stable enough to be executed by a machine. As state of the art WFMSs help
management by [Jl'Oviding the ingredients to implement the control processes, we
exploit possibilities to enhance this function with delegated managerial tasks to
automatically adjust to new situations. This means that we want the necessary
flexibility to be an integral part of the control function.
Another aspect in which current WFMSs do not acknowledge the real needs of
supporting office work [Jrocesses, is the usc of implicit information shared among
office workers. For office workers the use of distributed implicit information is
essential: it makes that the theoretically sound concept of exchanging work and
documents can operate in practice. In typical front-office environments the operational
work processes can be less structured and well-defined, and additional knowledge and
information is needed by the workers 10 clTcctively perform their tasks. We coin this
additional knowledge and information "implicit information": we mean by this that the
information is implicitly and informally used in the process and therefore often not
explicitly and formally spccilied.
Traditionally, a WFMS is a system that just exchanges explicit information between
participants in the operational process. An ideal WFMS should be able to do more, i.e.
it should be able to provide for more than a pure information logistics function. Thus
the WFMS should be ahle to act as the connecting "'glue" between the tasks of the
operational process which arc executed by the office workers. In this respect wc
suggest that WFMSs should have more of the capabilities of the tools meant to
support workgroups. For example, modern groupware applications better support the
use by office workers of the inl(mnation that is implicitly part of the office work. A
typical groupware application builds an ini()J'Jnalion repository. Office workers know
that all relevant information is availahle in that repository. Thus the repository can
effectively serve thc organisation'S 'background memory'.
The two aspects of Ilexihility and implicit information arc strongly related. Changes in
the operational work processes imply by dci'inition changes in the implicit information.
Implicit information plays a significant roll' in controlling processes, as implicit
information rcnccts the knowledge, expcrience and other qualities of the workers. In
order to obtain and maintain efficient operational and control processes, one must not
limit the attention to the information explicitly specified to be part of the actual work.
Often in a WFMS the implicit inj(mnation is left out of the scope and a high degree of
structure and stability of the processes is assumed. Consequently, current WFMSs are
not ideally suited to help an organisation in adapting to its dynamic environment. In
contrast, modern groupware applications are easier adapted to new situations because
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they do not inhibit a high degree of structure, like a typical WFMS does. They
therefore better address the flexibility and the need to extend the information involved
in the organisation's process (both structured and unstructured). In this report we want
to clarify the importance of these two aspects of the design of workflow management
processes.
The consequence of the approach that we propose in this report is that if WFMSs are
to be the tools of management for the future, they must be enhanced to derive the
control over the operational processes as a function of its environment. This report
gives an overview of the interaction between controlling (management) processes and
controlled (operational) processes. We show the relationship between these processes:
at a first Icvel we can distinguish the elements that make up an operational process, at
a second level these elements arc composed into processes (currently controlled by
WFMSs) and at a thirdlcvel one can consider the meta-process of changing processes
by adjusting them to match altered environments. By discussing the control parameters
available in many of the state of the art WFMSs we clarify their insufficiencies in
effectively controlling the business: most WFMSs only support the first two levels of
operational work processes.
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Figure 2: Scmi-automated control over operational processes.

Based on experience we suggest in this report some general rules and guidelines for

the design of an effective support system for the control processes. This part of the
management function can be implemented in a WFM approach, as shown in Figure 2.
We illustratc the implementation by placing the rules in a formal framcwork based on
Petri Nets, thus realising the third level of work processes. This formalisation provides
a way of better mastering the control function, while the fnlmework builds a
preliminary basis fill' more adaptive WFMSs.
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Section 2 discusses the dynamics involved in the control function. The current
approach to implementing control is the subject of Section 3, while its insufficiencies
arc discussed in Section 4. In Section 5 we give our approach and we discuss the
consequences for next generation WFMSs. This report ends with a hint for further
research in Section 7: it states a number of research issues in connection to the design
of workflow processes and thus acts as a position paper on this topic. Section 7
contains a short conclusion.

2. Control dynamics
A modern organisation exists in a world of change. The organisation's environment
changes and as

i.l

consequence the organisation itself is forced to adapt to changed

circlImstances.

The drivers for changes in an organisation emerge li'om both outside and inside the
organisation.
Typical change drivers from the outside arc a change in market demand, a change in
government policy and competitor actions. Changes in channel interfaces are other
examples of eXlernal change drivers:
• Suppliers can demand for example to use Electronic Data Interchange (EDI) as a
new way to do business.
• Consumers also can demand for other way of illleraction, like the concept of the
Automatic Teller Machine (ATM) shows.
• While the possihility of Electronic Funds Transfers (EFT) via the Internet is
technological feasible and some companies arc not longer just tesling this practice
but aClually providing real services, a whole new (world wide) market appears.
With this divcrsion of interfaces that change from manual to electronic, the office
organisation has to be able to process this electronic information and be able to
respond to altered interfaces.
Examples of internal change drivers arc new performance metrics, changes in client
management and the need to continuously fine-Iune processes.
•
For example, if one shifts from a fUllctional-oriented organisation structure to a
lllatrix based organisation, many new guidelines of doing business Blllst be
installed.
• Another example is the introduction of shared product databases to make
information accessible to everyone that requires this information.
•

Time is the new competitive advantage, and there exists a growing need to design

•

business process that will meet the new time demands.
As is shown in jDavidson, 19931, the introduction of new tools and methods
results in a dominance in the business chain, i.e. enables new services to suppliers
and clistomers.

The interaction between external and internal change drivers is recognised but not
exploited any further in this report.
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The actions taken hy management lead to changes in the organisation. Managen1ent
actions can he categorised into operational, tactical and strategical management

functions [Hunger & Whcelen, 1993].
•

•
•

Strategical managelnent actions can result in totally new or dramatically changed

processes. These actions happen infrequently.
In the middle arc the tactical management actions that have an impact on existing
processes hut are not as dramat ic and infrequent as strategical actions.
Operational management actions are narrow in scope (aimed at optimising tasks)
and happen frequcntly to secure an efficient operation.

To incorporate the knowledge of operational and partially tactical managerial actions
in WFMSs we suggest to make this implicit knowledge ahout controlling processes
explicit by identifying a set of rules (sec Figure 2). These rules are embedded into
WFMSs to incorporate the controlling process in the primary process. Below some
cxamples of these rules arc listed.

Examples
TYl'ical exall/ilies oFsuch III{/Iwg<'l"ial acliolls or cill/.wl elreets o{measurement
{/lui reactioll are listed "eloll'. Notice thaI Ihey./i"l ill the calegory o{
operatiollal alld (1IIIrlially) /(/clical lllilllllgelll£'llt, liS Ihe scol'e is the existing
process.
I) TheFe'll/elley o{checks olll,mduet illlegrity, i.e. 'il/ality control, is
dYlIlIlllic. /11 gellerallheji"e'll/el1cy is high (UI' to 100'Yo) Oil the relellse ,,{a
prodl/ct (llId is Ihell gmdlwlly 1001'ered to (I certain III in il1ll/lI/.
2) The strllctllre (~r the 1)I·oces.\' depends Oil the {lc/Hol work ill pro){ress. For
exallll'le. sOIl/elimes a I'llrallel execlltioll o{lasks ollll'erjill1l1S sequentially
exeC/fled tasks. Related is resource Il1l(lwgcl11l!nf, which also depellds 011
the acll/al work ill progress. For eX{llIIple. during low workloads lIew
elllployees get assigned diflicllit /(Isks ill order to IJrovidefilr le{lming
experiellce. As 111l' 11'00"k/o{ld illcreases. this 1II(1/II1er oj" Ivork assigllment is
"YI'{lssed 101'11.1"111'1' all ellieielll h{lfllllillg oj" ol'eratiolls.
3) Experiellced elllployees lieI'd less inlimnllliol1 to sll/ll'orttheir /(Isks than a
nell' eiliployee does. Thlls. Ihe 11'1I.\' ill which Illsks lire I'erlimned is related
to Ihe l'.Iperiell("(, oj" the workers.
4) The strue/llre oFa I,wass ClIlI del'elld Oil arlllill cOlldiliolls:./ilY eX{lmple.
there clln exist a sl'eci/ic clIslomer I'rolile thllt reqllires extm {llIelltion
dlfring (I related II/arketing Ctfllll}({igll.
5) I/"Ihe process COlIsisl "FiliallY difl~renll'roeedllres. the employees are
ji)rced 10 rel'ielll Iheir work 1I11d looklin' Ihe 1)('.1"1 sllilllhfe I,roeedllre to
hOlidic Ihe Ivork. This is Ihe clIse whell 1I1l1l/)' exc<,!lliollS to the stllndard
process (Ire expected.

Besides these managerial actions . implicit information shared by employees is an
important aspect in the relationship between controlling and controlled processes. This
falls into the category of "mutual adjustment", identified in [Mintzberg, 1989]. The
explicit management of processes, handled by WFMSs, consider information that is
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explicitly part of the given process to be handled. However, the information implicitly
available in the office, for example experience built with similar cases or guidelines
verbally issued by senior staff, are equally important in day to day's operations. Some
of the explicitly defined rules arc based upon the assumption of implicit knowledge,
like the difference between new and experienced employees. Below some examples of
implicit knowledge arc stated.

Examples
/) KnmvledRe {II/(I experience: 1101 all elllployees can or llIay use the same
i/~f(}/"/n(/Iioll. While ill illduslrial.w:llinRs elllployees call he per/ectly
co//sidered as dellleuls ora class, (!/Jice environlllellls are less sTrict and
otiell d(,I1/(/I/(/ a llIore e1ahomle al'l'rI!ach to 'iualificaTions of employees.
2) Re.\Jw//sihilities: hesi"es {lclually pel.lim//i//g IIIsb-, such as IU/Ildii//g a
doculllellt, elllployees ill {/II oflice lIeed 10 dislrihule respolIsihiliTies ill
order 10 Ruar(l/Ilee a proper II/iln(/Reme//T 0/ The office work. While the
distrihuliol/ orre.\Jui/lsihililies is (/11 illll)(,rlallll//(I//(/gelllent tool, most
WFM al'proac/ws do 1101 ("o//sider Ihis dislrihulion (/II explicit parT of the
process. This resulls ill a reductioll ill the ahililY 10 efficienlly adjusl the
c()lItr()IIJI~()cess ill re(/clio/l to chunges ;11 lite envirollment.
3) COIII/IIIl/licatio//: Ollice workers do 1I01.iuslpass Oil doclllllents to each
other, hul they also use COI/I/IIOII iml,licil kllowledge, it~/i}/"/l1al or implicit
cOll1ll1uniCalioll, ill/i!l'lllal directives alld lOTS o(olher implicil or i/~(ormal
i///i}/"///alio// Ihal exisls I,rill/(/rily ill The llIillds o/"the eml,loyees. An
eX(l///I'/e or sach knowledge is a sl,,'ci/ic cuslolller hislory I,rotile shared hy
some (?!li'l:e workers.

We will address possible extensions or current WFMSs to incorporate the functions of
control identified above. Therefore we list the current functionalities of WFMSs in the
next section in order to situate our extensions.

3. Control in WFMSs
Current WFMS implementations reflect a particular realisation of an operational
process: the implementation is bascd on one (stable) layout of the process. The control
function, the control process, is materialised by the selling of a number of control
parameters: once the layout of the operational process is known the control parameters
are set.

According to the theory of the dynamics of information systems [Ramackers and
Verrijn-Stuart, 1991], the dynamics regarding WFMSs can be defined as zeroth, first
and second order. We start by presenting the zeroth-order dynamics: these arc the
atomic elements of a WFMS that can be described in isolation. Arter that we describe
the first-order dynamics, where the atomic clements arc grouped in a specific setting to
build a process. The changes that occLir in the process are called second-order
dynamics. The different levels of dynamics arc listed in Figure 3.
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Figure 3: Zeroth-, rirst- and second-order dynamics.

3.1.

Zeroth-ordel' WFMS dynamics

The elements that makeup a WFMS are postulated here, together with a formal
approach. This approach builds on the theory of Petri Nets, whieh has good properties
to serve as modelling ancl analysis technique for husincss processes [Aalsl, Hee and
Houben. 1994]. We lise this technique because it is easily comprehensible and the
lllodel has good graphical abilities to captlll'c business processes.
Most of today's WFMSs oller the possibility to specify elements as the ones listed
below. These are also identified by the Workflow Management Coalition [WFMC,
1994].

Task
Every process is constructed from a set of task. A task has a fixed input, a predetermined transformation function and delivers an output. Every task is
assigned tn a particular set of reSources who arc responsible to create the
output. According to the theory of Petri Nets, a task is a transition, graphically
depicted with a sqllarc.

State
Work that is in bctween tasks has a certain state assigned to it. These states are
the traditional "trays" that hold (partially finished) work. The advantage of a
state based description of workflow, is that tasks can be defined on states. As
will be shown in our examples. the usage of states is crucial to enhance
WFMSs with elaborated control mechanisms. In the theory of Petri Nets, a
state is graphically depicted by a circle.
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Case
A case is the work that flows from task to task via the states. Tasks can start as
soon as they have the proper case assigned to them. Cases represent the
explicitly defined information, availahle on forms or in databases. They are
graphically depicted by a "token" in Petri Net lheory. Every case (token) is
always in a certain slate (circle) and those tasks (squares) that have all the
proper cases assigned 10 lheir input can start task. When a case is transformed
it is moved from lhe input to an OUlput stale, thus matcrialising the flow.

Resource
A resource can he anything that is needed to transform a case task. In office
organisations lhey arc mostly humans with specific skills. In today's WFMSs
thcy can he assigned to groups and roles. For example, a person can be a
secretary for one lask and a manager in the other. Other resources are

applications or physical entities, like forms.

Priority and Time
Cases can get a different priority assigned to them. The WFMS can sort cases
for humans according to these priorities. Unfortunately, most priorities do not
match the meaning of "priority" that is required. For example, some WFMSs
assign a figure to a case ranging from 0 .. 10. This is however unrelated to the
organisational usage of priorities (what docs the number mean, how is it
assigned and can it be altere,I"). Time aspects arc new in today's process
controls. WFMSs have

sOllle

excellent features to define lime-based actions on

particular slatcs.
We prescnt a small example of these basic elements, to illustrate the usage of them in a
WFMS.

Example
SlIppose 11'1' model a slllall process Ihol has Ihree tasks; 'slllrt', "vork' and
'elld', WIIt'Illhe Slllrllllsk cOIIII,ieles ils work, il is i)iaced ill slated 'ready'.
Whell Ihis sfllle is reached Ihe {{fsk 'work' Ci/Il slar/, 'I'hich wiii hring the
I"'ocess ill S/(fle :/illislu·d'. This ellahies Ihe iasllilsk 'elld' to start its
execlftioll. The c(lse is (/ siJIIIJ/e form with only olle amolfnt Of! if. The ellses (Ire

sorted ill slIch a lllillllier tilllllile iIighesl is o!lvays (III top alld ready t(l he
execllled by the lask, Furlher il is slaled lila I a persoll lIamed 'Ciaude'
execules hOlh the slart alld the work /{fSks, while 'Smith' olliy takes care o(the
'elld' task. A zero/Ii-order descriptioll is gillen ill Figure 4.
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The identification of the tasks. states, cases. priority rules and resources are all part of
a management function, i.c. to provide the necessary elements to construct an
effectively performing process. The next management task is to combine them to
create a value-added process. This mC'lns that the tasks arc sequenced logically and
that it results in an output that has meaning and value to customers.

3.2.

First·order WI'MS dynamics

When the clements of the zeroth-order dynamics are grouped together to support a
process. the process gets (formally) defined. The relationships between tasks define the
sequence in which the cases !low through the process. A similar skill is required in the
design-phase of a WFMS. Typically, there is no single mcthodto combine the zerothorder dynamics of WFMSs into a first-order definition. The usage of Petri Nets helps
to structure this design-phase. In this case, every process is designed according to the
formal flow-relations of Petri Nets. SoniC commercial WFMS also opted for a formal
approach, like COSA (SoJ"iw'lrc-Ley) or Flowpath (Bull).
A special issue in the first-order dynamics of WFMSs is that explicitly cJelinecJ
logistical rules arc defined. These rules enable parallel or alternative tasks to happen.
Parallel work is facilitated by a so-called 'and-split' and is combined by an 'and-join'.
When an task has a choice of outputs, i.e. it selects a next task, it is defined by an 'orsplit'. The alternative paths can be combined with an 'or-join'. In our examples we will
LIse these terms and we refer to the work of the WorkJ"Jow Management Coalition
[WFMC, 1994] for more dct'liis.

EX>lmple
When Ihe nallll,le silllllled ill II/(' IJrel'io/ls seclioll is cllre/iilly read, the firslorder dYlillmics
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Figure 5: First-order description of the example.

This exa/7/ple ollly shows seljllelltial tasks,
takell here.

110

parallel or alternative tasks are

4. Insufficiencies in today's WFMSs
While WFMSs have proven to be excellent tools in describing zeroth-order dynamics
of processes and in building working solutions by combining them into full first-order

dynamics, they lack every support for management to adjust this f'irst-order dynamic
description of the process when needed. Thus, they lack the support of second-order
dynamics that change the zeroth- andlor first-order dynamics of a processes.
When a WFMS is used in practise, this is the common way control is implemented:
I) Measuring the executions of the processes on defined indicators in the WFMS.
2) These results arc interpreted by management and comparee! to the norms.
3) Feedback or steering actions arc given by management, through the adjustment of
zeroth or first-order changes in the WFMS.

This control function, in detail analysed in [Grant and Higgins, 1996], leads to the
phenomenon that all the process descriptions are stored in massive databases that can
be used by management to analyse thc operations. The result of such an analysis is that
the managemcnt takes actions that arc reflectcd in the control paramcters of the
WFMS. A major disadvantage of this approach is that the amount of process data is so
large that it is difficult to efficiently analyse that data, and thus to cf/lciently improve
the process.
At this stage we sec a number of things happen in practice. For example:
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I) Every adjustment of the process leads to a new version of the WFMS operating for
new cases: in the extreme situation every single case gets its own controlled
process.
2) Instead of controlling a process with the help of a WFMS, the management cannot
cope with the massive amounts of data that it cannot comprehend. Therefore, it
cannot make an efTective use of the WFMS and possibly excludes its help in the
future.
The first scenario, new adjustments mean new versions, is not a desired end:

•

•

•

A WFMS has every case wander through the process according to some pre-set
route, thus passing along the tasks performed by the employees. In order to do this
in an efficient and effcctivc manner the WFMS must be able to steer the cases
along the right route. This in its turn requires that the routes and their selection
criteria remain fairly stable. When the routes change frequently the WFMS does
not have the time to settle in a stable state where the operations can be managed
efTiciently: a certain learning time is needed. It is clear that new routes imply a loss
of efTiciency.
Giving every case its own process means that every time one has to go to the
phases of designing and implementing a new process. This is not only a costly
affair, hut also an afTair that is not free of possible errors.
New versions of a WFMS imply that several versions at a time are participating in
the control of the operational processes. This makes it more difficult to control the
entire process, as the different versions can cause prohlems in co-ordination and
synchronisation. Morcover, it then becomes an issue to consider the effect that
versions have on each other: it can he expected that different control actions can
interfere in an unforeseen manner.

Another undesired scenario is the second one, where management is not capable of
interpreting the control data.
• If all aspects of the process's execution arc stored into databases for control
purposes, the result is a vcry detailed perspective of the operations. Too many data
to monitor quickly leads to an "analysis paralysis" situation; management is so preoccupied with Jllonitoring that the real function, that of proper control, is
forgotten.

•

Using a WFMS as a mere measuring-apparatlls implies that management is
responsihle for the execution of all control functions that have their effect in the
WFMS. However, WFMSs can playa role in the execution of explicitly defined
managerial actions, thus incorporating feedback.

There is an alternative approach, which acknowledges the fact that part of the control
function can be mllomated. This means that managerial tasks arc truly delegated to a
WFMS where possible. The aJllount of data to analyse is then minimised and
controlling the process and its adaptation becomes a mature WFMS function.
In the next section we arguc that this alternative option is the way to go. We give rules
and guidelines for implementation strategies for that option.
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5. Implementing second-order dynamics in WFMSs
In Section 2 we listed some managerial actions that should be incorporated into
WFMSs, together with informal information shared among office employees. Both
execute a form of control in the execution of the process. Here we show how the
zeroth- and first-order clements postulated in Section 3 provide for a second-order
dynamic change of the process in the supporting WFMSs.

5.1.

Augmenting the scope with managerial rules

The scope of control is stretched by explicitly incorporating managerial rules like the
ones listed in Section 2. These arc only some illustrative examples from our
experience and the opportunity for manufacturers and office organisations lies in the
full exploitation managerial rules into WFMSs.

Examples
The.liwjllellcy o(cheeks olll)mdllel illlegrily, i.e. 'lllalily cOlllrol, is dynamic.
In gellemllhe.!i·('{jllellcy is high (III' 10 JOIY!',,) Oil Ihe release ota I'milllel a"iI
is Ihell gradually 100vered 10 (/ cerIa in lllinillllll1l.
A "check" is an task that is executed by a special resource on some specific
casco Instead of assigning every case to this task this assignment is enhanced.

The two functions added are a) statistics and b) a time-interval. This means that
the process is designed with the check as a regular task, but

it is recognised

that it will be skipped for a number of cases in the future. This is exemplified in
Figure 6. It shows an 'or-split' that assigns work to either 'check' or 'normal'
based on a statistical function, denoted I' and (j.O-{J) at time I,. When the
situation has changed, e.g. quality has improved due to expected learning of the
organisation, the statistical function of /2 is activated. Notice that instead of
assigning fixed time-intervals one can also usc a percentage o/' errors detected
to derive the statistical split. When p= 1.0 all cases are assigned to the check
task, and for example, when q=o.l only one out of ten is checked.
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check

a--.
or-split ,.:'
,

normal

Ir'(I-p)
t2:(I-q)
Figure 6: Time-based statistical or-split.

The slmclure o/Ihe Ilmeess dejlellds (i/I Ihe aClaa/workload. For example,
somelillle.\· a IJilmllel execalioll '!( lasks ouljlerj(mns seqaeIlfially execaled
lasks. Re/aled is resoara lIl(/(wgellleIlf, Ivhich also depends 011 Ihe ({clllal
workload. For <'XlIIIII)le, darillg 1011' workloads IIew elllployees gel lIssigIled
dijjicu/lllIsks iII order 10 l'rfJl'ide teamillg. As Ihe workload iII creases, this
IIWIlller o{work lISSiglillICll1 is IIYI)(fs.\·ed 10 ellsure WI efJicieIllllllIldtiIlg of
openll i( HIS.

The structure of the tasks in a process depends on the workload of the process,
This dimension is covered by assigning thresholds in the workload and
assigning different scenario's when thresholds are passed. A threshold can be
found with the help of simulation. The example in Figure 7 defines two
alternative execution paths. based on a single threshold.

N;oh.,>J()O

plus otlier dept,

,-----.,0--0

,6--=~-

or-splil

Jlew employees

or-join

" 0--

505 N;oh., 5100 :'

N;o",<50
Figure 7: Workload dependent tasks.
This example shows three possible execution paths. The choice of ease
assignment is based on the current workload N on the normal task and its
resources (not shown in the figure). As a remark we state that normally these
tasks each arc composed of a number of tasks, i.e. these models arc
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hierarchical. The dillercnt work assignments can therefore enable other ways to
conduct business. In the example, cases are send to 'new employees' when the
workload is low and to an 'other department' when the cases reached a
maximum of (in this case) hundred.

Experienced ellll'loyees need less in/fml1ation to support their tash thml ({ new
elllployee does. TIlliS, the way ill Ivhich tash are peljfmlled is related to the
experience (~lthe workers.
An advantage of WFMSs is that it provides all the necessary information to
help new employees do their case. Once they an; assigned to a new task they
have access to information which tells them how to execute this task. When
they master the task they can exclude the help of th" WFMS and execute tasks
on their own.

The slruc/ure (?/ll process call de/lend Oil certaill c()l1diliol1s:for eX{fmple,
there call exist a sl,,'cijll' ellslmill'/' 11m/ill' 111111 relillires exira allentioll dllring
a relaled lI}(}rkeling call1l!(ligll.
Sometimes the op"rational process holds information that is required for
additional purposes, like administration or marketing. Therefore, a mechanism
must be installed to "tap into" the operational process like an eavesdropper.
The operational process is not to b" disturbed by it. A way to handle this is to
assign special statcs that allow easy access by other processes. Those familiar
with programming languages translate this to global versus local objects: the
global statcs can b" accessed by many.

operatiollal
process
I

I

" l..~tart

I

,/

[}-O---O special

Start

~-~o--o- /lew

order?

cllstolller?

Figure

~:

Condition based procedures.

In the example stated in Figure 8 each case that is in state N is ·'screened".
Based on some conditions it can be necessary to start other (unrelated)
procedures. The arrows are dott"d because the case is not transferred to the
procedures but a new instance is made for new procedures. This way many
small procedures can he constructed that start when needed.
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If the process cOllsist (IF 11/(/11.1' di/Termt procedllres.

the employees are jfJrced
to review their w(lrk {llId /o(lkjill- best suitable procedllres to halld/e the work.
This is the case when 1//(//lY exceptiolls to the sll/lldard process are expected.

The usage of WFMSs is limited to structured processes. However, muny
situations could benefit from a WFMS, but have a more unstructured base; they
are composed of small structured processes that do not have an a priori defined
connection. To be able to manage this situation whilst using the advantages of
WFMSs, the employees must be equipped with a range of optional processes.
These opt ional processes can be started by an employee after the task has been
completed and new (partially predictable) actions have to be taken. This
approach C,1I1 be taken instead of merging all possibilities into one massive and
uncontrollable process definitiun. The result is a set of small procedures that
cun be grouped together for specific means, like the previous example showed.

The situation dependent rules implied by the above mentioned examples, translate into
the following general rule:

Augment the scope of the conlrol function to include second-or'der dynamics. By
a carefully designed process architecture that implements significant aspects of
second-order dynamics, an el'l1cient division in reSI){)nsibilities is possible
between management and sUp/)ort system. The management actions that can be
automated are embedded ill the system, while it is eHicielllly possible to leave the
remainder of the managemenl function a responsibility for the management.
By implc111cnting managerial rules within the WFMS, the amount of information for
management to monitor becomes minimal. The controlling of the process and
adjustment of its layout becomes a mature management function. The operational
aspects are separated from the tactical ones: the automated WFMS covers the
operational aspects, while the human attention can be focused on the higher level

management aspecls.

5.2.

Augmenting the scope of conlrol with implicit information

We have argued carlier that it is a good approach to augment the scope of the entire
process controlled by the WFMS such that a large part of the control process is
managed by the automated system. A related aspect concerns implicit or informal
information. By this we mean the information that is usu,dly not part of the logistical
perspective of the process, but that is implicitly uscd in conncction with the execution
of office work. We give examples of that information that can be exploited for
automated support by a WFMS.

Knowledge and experience
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Not all employees can or may use the same information. While in industrial settings
employees can be perfectly considered as elements of a class, office environments are
less strict and orten demand a more elaborate approach to qualifications of employees.
To perform a given task an office worker uses first of all information that is specifically
related to the case on-hand. A typical property of office work is that besides the
specific information, general initJrJllation is used.

Example
Examples o{gelleral ill/iJrlIl{{lirlllllsed illlhe execlllioll o(oflice work urI'
general guide/illes {flld directives that Sj}(!c!(v how the organisatio/1 wants to
lVork ill{I<'fIendenlly o/,sl'eci/ic cases. SlIch general recil'es urI' o/ieunol
considered ill Ihe illl{)leIlWlllalioll oru WFMS. For Ihe design (~f'allexihle
cOIl/ro/lillg IJrocess II/ese rccij)('s ore hOWl'ller/owll/ 10 he il1ll}(Jrl{lllt. A

I}()ssih/c illfplellfenlalioll o/{{ I'rocess is Ihe cOllfhinulion o(difrerelll
lechnologie,I'. COillhillillg jill' <'.r(lflll'/e Ihe illfernel Ivilll {I c/msicul WFMS
cOllld (llI"r a l}(fmllel Imck oJjiJrlnul ulld illfj!licil klloll'ledge.

Examl)le
Allolher ('x{fl1/I)le o{gelleml ill/iJrl1/alioll is huckgrollnd knowledge ulld
eXI)eriellce Ihal relule 10 Ihe gCllem! IVUY o{working: as o!llce /{fsks olien
illvolve melllullusks ('.g. decisioll ll/uking) Ihe aCIIIUll'er/iJrlllullce is strongly
related to the j!ersoll {{clliully doing it {{Ild the hackgrolllld he or she is using:
u lIovice c{{n o/iell ollly lise the sj!eci/Ic inliJrlllutioll 0/1 hUI/{I, while u
Iwckgmlllld o{ kllOlvledge uwl eXI)eriellce CUll hell' to ohtuin a /Jeller
l'er/i)/7/liIl1ce (hoth ill qUlllily IIl1d till/e). For exallll'le, hili'" a history o(the
IUsks execllled hy (lfl e1111)loyee. '{similur cuses uI)I'('([r, {Ill eXj!erienced
ellfl,loyee C(//I UlllolI/ulicall.\' he selecled hy a WFMS. Eluhomle mles Cil/I
dejille when one is '<'.Iperienced'.

Based on our experiences we argue that knowledge and experience result in
information th;lt should bc considered in the design of the process. It docs not mean
that the information should \1" implemented in full detail. However, those aspects that
directly relatc to the performance and the I'Icxibility should be taken into account when
designing the automated and non-autonl<lted parts or the controlling processes.

Exampk
To ej/eclil'ely /Jl(/lwge WI o/JeraliOlw/ process, OIll' IVlIIIIs 10 have i/~l()nrUlliol1

the lIl'{lillll,ility ol'kl/oll'ledge. A large I'llrt ol'lI/al/agil/g the process is
{[hollt lIlIocatil/g tile right I'eopll' (and kllOll'lcdge) to tile C{fses ol1-hand. For
011

this

reaSOIl, 111(IJ/agclllelilneeds 10

lillI'£,

{III {[Cfllll/

lind correct perspective of

the kll())l'ledgl' {lvailllhie.

Responsibilities
Besides actually performing tasks. sllch as handling a doculllent, employees in an office
need to distrihute responsibilities in order to guaranlcc a propl:r management of the

Desigllillg E.tTcctil'l' W()r~f7tJ\F M{fIwgelllC'1/f Pf()("CSSCS

17

office work. While the distribution of responsibilities is an important management
function, most WFMS design methods do not consider this distribution an explicit part
of the process. On example that does is [Medina-Mora et ai., 1992]. Usually all the
information tlows is considered in one (logistical) perspective: the documents flowing
through the organisation's tasks, the resources are flowing to and from the tasks and
the (managerial) responsibilities arc flowing between the resources to help control the
process. While these !lows are important, from the point of view of the control
function these flows should be considered differently. If we look at responsibilities we
call sec that they involve being informed. approving, initiating and other tasks that are

not directly related to the flow of documcnts. These (responsibility) tasks which
consume a lot of time and energy within an office, can and should play an important
role in the controlling process.

Example
All illlporlilllt/,'aillre llialwollid Ivallilo see ill illl envifOlllllenl of kIlOlv/edg<,
workers, is llie ahililY 10 veri/.\' llie cOlil/llillllellls lliill are lIIade (e.g. wilil
eliellls) ohouillie work ill progress. I(all (!Ilice Ivorker is 1101 avai/ah/e or
Sllllle killd O(CIIIIIIII//lliCillioll /)reoks <1011'11, 0111' IFalllS 10 1)1' ahle 10 clieck whal
goaillie work 11'0.1' flyillg 10 aellieve: olle COli illlagille llial il is illlporlalli to
klllllV lI'liicli CO/lllllii/llellis are giv<'ll hv llie orgollisalioll 10 llieir diems. That
addililJllIIl illj()/'/llalioll c(//I Iii ell 1)(' used (h.l' llie III(I/wgelllenl) 10 take
appropriale aC/iolls (e.g. lIolil)' llie ciielll 0(0 delav or Sllhslill/te llie worker).

The usual approach of considering thcse responsibility tasks in the same way as all
other tasks decreases the ability to quickly adjust the control process without
tampering with the document flows. We feci that the ability to efficiently adjust the
control process in reaction to changes in thc environment, should imply a carcfuJly

designed implementation of responsihilities.

Cumll1UI1 icatiul1

Otlice workers do not just pass on documents to each other, but they also lise common
implicit knowledge, informal comlllunication, inllll'lllal directives and lots of other
implicit or inlllrlllal inl<lI'Ination that exists primarily in the minds of the employees: this
information can be considered as the "mind" of the office. Generally, an oftice needs
such a mind to he able to J'uncti()/l properly. This information implies a pattern of

communication that is facilitating, but not part of the now of work. Just as the
responsibilities, this facilitating communication has a significant impact on the

workflow and should hence be treated accordingly in the design and the
implclllentation of the WFMS.

Example
The lise o/'iIl/;ml/lIl ClIIl//11l1l1iullilllllllllkc.l' 1111 orgllllislltilill rc{/!!y operllle.
While ill WI i<lclIl sil/wliml Ihe l)fOeeS.l' I{/Y-IIIII d<:/ille.l' ol/llspects o/'lhe
process, illl,mclice 1I1111111her 1I((lSSI/IIII)lillll.l' lire /II(1de (lIhOIlI the way the
IIrg(/lIiS(/lill1l "I)enlles olld Ihe role 1I(lhe illj(mll(/I CIIIII/IIlllliClllillll). II is lIot
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alwaysfeasihle 10 Oy 10 iml'lemellllhe iI{j'orl1wl COJ1ll11lflficaliol1. However,
without thl! ill/flrllllli COllIl/UtiliclItiol1 the or/i(/llislItioll would {/(}t operate liS
efJicielltly. The llIost illtlstmtivl! I!xlIlllple is Ihe c0I11fl/lmiclIti(}f1 Ihat ,akes
place at Ihe c(!lIee-1/1l1chine: there the (!lfia workers llIeet lIl1d if!/fJrf11alLy
exchange if!/flrlna t iOI/ (wh ich .fimlllllly would not ha ve he en exchanged).

The design should acknowledge the role this communication plays and the
consequences for the ability to change. Currently, we can sec cases where a groupware
approach is more suited than a strict WFMS approach, since groupware sometimes
better acknowledges the different aspects of communication in an office. The lesson to
be learned here is to carefully decide on the right need to model communication and on
the right way or implementing.

These aspects result in the following general rule:

Managing the workforce is more than muking sure that the right number of
people is available in the onice: oniec wO/'kers in most cases ure led by implicit or
informal infol'lnation that is available within an office. It is vital for an efficient
office that this implicit infol'lnation, and specially changes in it, are an integral
pat·t of the prllcess which is managed by Ihe WFMS.

6. Further reseal'ch
The previolls sections cont~lin a numher of guidelines for the design of workflow
processes. These guidelines specially aim at Ihe implemenWlion of information systems
(WFMS) that ellectively support the management in its control function. From the
point of view or research this leads to a number of questions.
•

HOII' do WFM lools C(II1Wmle s('('olld·(mla dYI/(/Illies."

We have argued that seeonci-order dynamics need to bc considered, but at the
same timc we have seen that the existing WFM tools do not support this function.
Facilities to malhlge second-order dynamics should make it possible to effectively
specify thc second-order dynamics (in order to obtain an crfective control process).
There is however another aspect: the facilities should also make it possible to deal
with the practical consequences of changing operational processes: the
cOlllmllnication between the information systems involved, can change on-the-fly.
•

HoII' Cilfl WFM 1(101.1' rica/,,,ilh illll)licil ifl/f}J'JJ/([ti()f1"

Current WFMSs concentrate on the logistical perspective: perhaps after doing
Business Process Redesign, the lay-out of the process considers the formal and
explicit knnwledge. Modern groupware technology enables knowledge workers to
Lise a common platform for the exchange of information (on demand). Practice
shows that these approaches do not rL'ally satisfy the enmbined neeci of considering
both formal and informal inltll'111ation. It is feasible to expect an integrated
approach to better satisfy that need.
•

Whal is Ihc properlllelhod ji)r designing conlrol I)mcesses"

Designi1/g I::.I/('(.'Iiv(' W(Jrktl{)J)1
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We have demonstrated the need to adequately consider the relationship between
control process and controlled process. In order to design a real-sized workflow
application, the different aspects should be considered. This process of considering
all relevant aspects should find a right balance between the needs of the business
process and the possibilities that (available) technologics olTer.
•

Whul is Ihe illjlllellce o{di!l,-renllypes of WFMSs 10 Ihe desigllll1elhod~

The technologies to implement workrIow applications ditTer significantly. [n
practice one can observe that different technologies suit different types of
processes with e.g. back-office, front-office and knowledge workers. [n order to
make the proper choices in the design process, characteristic properties of the
different technologies and of the diflCrent application types need to be identified.
This should lead to a mapping of technologies to business application types.
•

HOIv should a cOlllml/II'ocess (allli ils helllll'iollr) rel'res('//Ilhe COlllillllOIlS nulure
(~l

(/ lHanagement process?

We have argued that second-order dynamics need to be incorporated into the
design of the control proccss. The continuous nature of managing an operational
process has specific characteristics tlwt seem to be hard to describe using standard
process modell ing tools. For a valid description of the second-order dynamics new
approaches seem to be necessary. This need should be met by next-generation
WFM tools.
•

How do 'he discrele iIIld Ihe cOlllillllOIlS desigujilllCliOlIS oj" a WFMS relale >

Every design of new business processes follows certain stages. [n this report we
focused on the ciesign of the continuous functions of a WFMS, i.e. incorporate
control and implicit information. However, when we listed these functions we
identified ·'a process" heforehand. How is this process constructed? What

characteristics dol'S this basic process have in tcrms of continuous functions?
•

HOI\-" CiIIl 1001.1' slI/)/mr/ 111(' design oj" \I'orkjlm,' (conlm!) /)rocesses >

Some of the questions st,lIed here imply that designers arc not yet able to easily
design a workrIow (controlled) process. Current WFM tools focus on the
opcrational part of the control process: they make sure that the work is properly
routed within the organisation. There is also a need for tools that support the
designers in their process of designing effective workrIow applications. We think of
on-the-fly correctioll of design errors. using a repository of functions (that playa
role in operational or control process), etc.

7. Conclusion
[n this report we have argued that tmlay's workrIow management systems (WFMSs)
should be enhanced with control functions that arc to date part of the managerial
domain. Frolll this domain we have cxtr"ctcd explicit man"geri,,1 rules and inforlllal
information as csscnti,,1 controlmech"nisms for oper"tion,,1 processes. We have stated
a number of research questions th"t give a context for further research in this direction.
Elaborated control implemented in " WFMS takes" burden of m"n"gement, th"t is
overlo"dcd with data "bout the w"l' the processes "re functioning. This way the
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WFMS functions not only as a measuring-apparatus but uscs the explicitly defined
rulcs to provide feedback to itself. FroJ1l this feedback it produccs altered process
defInitions or altercd definitions of thc clemcnts that makcup the process, like resource
manageJ1lcnt or thc usc of time-based tasks.
Thc described ncw situation implies a shift in focus for manufacturers of WFMSs. Not
only do they have to realise a complete description of processes, they have to place
themselves in the place of management and ask themselves which inforJ1lation they
would need to manage the process and how thcy would react on this information. If
these rules arc made explicit into WFMS design, it introduces an intelligent version of
today's straightforward implemtontations. In this way a first stcp is made to truly
dclegate parts of J1lanagement control 10 the WFMS.
The result is an intelligent process description that adapts itself to carefully defined
changes in the environment. Once installed it runs accordingly, which leaves
management with the task (0 monitor the effectiveness of the organisation at large in
stead of continuously adjusting processes in thc small. This leads to a more strategic
J1lanagement of processes, with a morc clTcctive control of second order dynamics.
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