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Chapter 1

Abstract

During the last few years the use of workflow software has been propagated as a means of
productivity and fle ibility increase for administrative organi ations. Especially from work-
flow software manufacturers and salesmen, ubilating articles where published, describing
the advantages of the workflow approach. The University of Twente has initiated efforts
directed to structural research into the effects of the introduction of workflow software on
users and organi ations.

The work presented here is the final report of a research pro ect that consisted of con-
ducting two laboratory e periments, researching the usability and organi ational impact of
workflow tools, and gathering e perience with laboratory e periments.

The results show that it is indeed possible to conduct e perimental research at the Uni-
versity of Twente, and that the scientific results can be useful. With the help of a case study
a scenario for future e periments is proposed.

urthermore, indications are given here in parenthesis of the effects of introducing work-
flow software into an organi ation regarding productivity increase , consulting depending
on the comple ity of the task , and waiting decrease , found with the help of evaluation by
users.

Sinds enkele aren wordt het gebruik van workflow software gepropageerd als een middel
om de productiviteit en fle ibiliteit van administratieve organisaties te verhogen. ooral van
de kant van makers en verkopersvan de esoftwareworden ubelende artikelen gepubliceerd
waarin de voordelen van de workflow aanpak worden opgesomd. anuit de Universiteit
Twente wordt nu een poging gedaan om structureel onder oek op te starten naar de effecten
van de invoering van workflow software op de gebruikers en de bedri fsvoering.

Het rapport dat hier gepresenteerd wordtis de neerslag van een onder oek datbestond uit
het op etten van twee laboratorium e perimenten met als tweeledig doel Het onder oeken
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van de bruikbaarheid en organisatorische impact van workflow tools, en het opdoen van
ervaring met laboratorium e perimenten.
De resultaten tonen aan dat het mogeli k is om binnen de Universiteit Twente dergeli k
e perimenteel onder oek uitte voeren en dat de wetenschappeli ke resultaten bruikbaar kun-
nen in. etbehulp van een case studie wordt een scenario voor toekomstige e perimenten
gegeven.
erder worden indicaties van de effecten gegeven hier tussen haak es van de invoer-
ing van workflow software binnen een organisatie op productiviteit sti ging , overlegti d
athankeli k van de comple iteit van de taak en wachtid daling , verkregen met behulp
van een evaluatie door gebruikers.



Chapter 2

Introduction

This report describes the setup, adopted method, design, results, recommendations from, and
conclusions of a series of two scientific e periments. These e periments were conducted in
the pen Workflow Laboratory of the Design ethodology esearch roup of the Computer
Science Department of the University of Twente, as part of the author s  aster s Thesis
assignment. The goal of the research pro ect, of which this report is the result, was twofold

1. n the lower though global level, the goal was to gain insight into the effects of
introducing a workflow tool see section 2.1 into an organi ation. Because this is a
large research area, the topic had to be narrowed down.

2. nthe upper thoughlocal level, the goal was to prove that it is possible to conduct
scientific e perimental research in the pen Workflow Laboratory see section 2.2 .

The focus of this chapter will be on what went on this research was started section2.1,
in what this research was conducted section 2.2 , and what in this area
is being conducted section 2. . The rest of this report has the following structure

irstly, in chapter , the research uestions will be posed. This can only be done after
stating the problem that caused researchers to ask these uestions.

Then, in chapter 4 the way this research was conducted, the e perimental research
approach, will be presented.

n chapter the research uestions will be operationali ed by defining the research
variables and stating the research hypotheses.

Chapter shows the design of the e periments, including the phasing, instructions,
usage of software, and validity.

The two e periments themselves each have their own chapter, chapter  for the first,
and chapter forthesecond e periment. nchapter theresults of the firste periment
will be discussed, while chapter shows the changes to the original design and the
results of the second e periment.

Chapter 9 shows recommendations that can be given after having conducted the two
e periments. Designers of future versions of workflow systems and people accom-
panying the introduction of workflow systems in organi ations will, hopefully, give
special attention to this chapter.



The final chapter, number 1 , provides the conclusions of this report and gives direc-
tions for further research.

ollowing the chapters, there are a number of appendices A,B, showing documents used
during e periments. While reading certain chapters, the reader will be pointed to corre-
sponding parts of these appendices.
A proposed scenario for the design of future e periments is shown in appendi C, a
case-study dealing with administrating the distribution of keys in a large building.

The topic of this report is the effect of introducing a workflow tool into an organi ation. This
section will give a brief history of the emergence of workflow software 2.1.1 , definitions of
the concept of workflow systems and related terms 2.1.2 , and a generic architecture of a
workflow system 2.1.

Workflow software has several origins, since several solutions have been found for the
problem that office processes are hard to define, and, once they have been defined, tend to
evolve over time. our of these solutions are discussed below, each of them showing the
need for a new kind of software.

Since the 19 s, the paperless office has been promoted as an ideal. The key to
this ideal was supposed to be an , which would incorporate all
necessary functions for processing administrative company input into output. Until
the advent of the PC and LAN Local Area Network in the 19 s, no integrated office
system really worked. By then the concept of integrated office system was in need
for subsystems that could act like document approval systems, necessary to support
hierarchical structures.

During the 19 s, the technologies enabling electronic capture, storage, retrieval and
manipulation of images had been developed and low-priced. These technologies were
combined into D P systems . These systems were
initially sold as storing systems for electronic documents, but became a succes when the
retrieval aspects were emphasised. Users of these D P systems found that if their system
could route documents through their company in pre-defined ways, their productivity
could increase.

n software engineering pro ects, a lot of coordination and approval is necessary to
complete the design and implementation of a software system. System development
tools, supporting system development methods, concentrated purely on increasing the

uality of programming and hardly on defining and managing the complete process.
Some of these tried incorporating functionalities
that supported control of processes.

nthelate19 s, asetof productsloosely termed as started to emerge. These
product were of two types Document-oriented, designed to supportshared authorship



of documents, and Process-oriented, designed to aid groups of people to carry out a
process. The second category was mainly designed to support low-volume, high-
value ad-hoc activities by professionals and technical staff. Their users have been very
enthusiastic about the benefits and wanted to give this concept to people elsewhere in
the organi ation.

The previous section shows the need for sofware systems that can automate process defini-
tions and run and control instances of these definitions. These systems are often referred
to as . This will be defined by a set of characteristics referring
to concepts that will be defined based on the following

event something that happens something that occurs
actor one that acts
ob ect something that is or is capable of being seen, touched, or otherwise sensed

Now the definitions for some of the used in the characteristics of a workflow system
see below can be stated as

activit An activity is a set of events.
rocess A process is a set of activities that share a common purpose.
ro e A role signifies an actor s responsability for an activity.

tri er Anevent triggersan activity if the occurence of causes to be performed. A
trigger is an ob ect that carries a triggering event.

n the literature and during discussions with fellow researchers, several definitions of work-
flow management systems have been proposed, ranging from very informal to very formal,
but it is impossible to give a clear, and definite definition of a workflow system. The inter-
section of the proposed definitions shows that

automates processes that have been re- defined for this purpose.

routes documents, whether purely electronic, or electronic versions of physical doc-
uments, through a corporation. Documents may contain multimedia concepts like
hyperte ts, sounds, images, or even short film clips. Documents are linked to activi-
ties.

co-ordinates and tracks activities performed by actors which may be people or other
systems, and which play a role. ne actor may play several roles, and one role may be
played by several actors.

is triggered by an e ternal event to start a case of a process.

is pro-active Not only does it react to user activities, it can take predefined actions
on its own.

can sometimes be used to redesign e isting processes.



can sometimes be combined with optical uke-bo es to access electronically stored
documents.

is directly accessible over a communications network or off-line.

This can be seen as yet another definition of a workflow system, but that is probably too
ambitious. tis better to look at it as a list of characteristics which indicate to what e tent a
software system has workflow functionalities.

A schematic architecture of a client/server based workflow system can be seen in figure 2.1,
taken from the WA-12 report  oosten et al., 1994 . tis generic in the sense that each of the

LEGEND
. client component workers managers  developers
gt

O active component
S storage component

interface event workflow

processor manager manager transactions observations definitions

igure 2.1 Architecture of a workflow system

components can occur several times in different guises. tis also generic with respect to the
concrete machines on which the components are located. Any component can be mapped
on any machine, which includes the possibility of combining components on one machine.

ient server The client/server architecture is an obvious choice, because different employ-
ees at different places contribute to a procedure. The tasks of an employee are preferrably
done locally, on his or her workstation. Procedure control, data storage, routing and task
allocation are central functions Hales and Lovery, 1991 .
A workflow client must include a user interface, task e ecution support, and communi-
cation facilities



An easy-to-use interface is essential because all kinds of employees have to work with
the system. Since task integration is an important issue in workflow, a graphical multi-
tasking workstation e.g. D S/Windows, S/2orUni isre uiredin mostcases. There are
however tools that support workflow for character terminals as well, which can sometimes
save or postpone large scale investments in graphical workstations.

Task e ecution support is the core of the client application. The actual processing takes
place here, possibly aided by other applications.

Communication to and from the server is necessary since the client must receive tasks
from the server and send them back after processing.

ients The clients occur in three different roles workers, managers, and developers. They
are distinguished because they re uire different functionality from a workflow system. n
practice, combinations of the roles are not uncommon.

The worker has a to-do list with work to be done. Work can be supported by supplying
all the information needed to perform a specific activity, by putting the re uired tools
in place automatically, and by making sure that human workers only do work with
added human value.

The second client role is a manager. n order to control the flow of work, information
about the workflows is used. A manager must be able to put monitors on certain parts
of a workflow system, in order to investigate problems, to account for the work done,
and to make tactical decisions.

Developers have to design and implement workflow support, which re uires devel-
opment tools. An important selling point of workflow tools is fle ibility, which means
that changes to the workflow can be made easily without intervention of application
programmers. The developer will interact with users both workers and managers
which results in changes in the definition store.  f course this may have a profound
effect on the structure of the other two stores.

Active co onents There are three different types of active component in a workflow
system interface processors, event managers and workflow managers.

An interface processor links applications to the workflow system. or shrink-wrapped
software, interface processors may be obtained from the shelf. or custom applications
however, interface processors may have to be tailor-made.

Event managers make sure that the computer takes the initiatives necessary to keep
work going. The event manager maintains a list of work to be done autonomously. By
this mechanism, the system guards deadlines and work conditions, notifying other actors

whether human or automated of work to be done.

A workflow manager coordinates within workflows, spawns and monitors other work-
flows, and communicates with other workflow managers when necessary.

tora eco onents Three different storage components are distinguished a transaction
store, an observation store, and a definition store.
The transaction store keeps track of all activities performed in a workflow-instance. This
store contains the information about the of particular workflow instances, which
is needed for instance to inform a customer on the whereabouts of his or her case.



The observation store contains information that is collected by monitoring workflows.
t is used for workload balancing, productivity measurement, and accounting, mainly by
managers. The observation store only contains information workflows.
The definition store contains the of workflows. tis filled and maintained by a
workflow developer, most likely supported by a workflow design tool.

The Design ethodology esearch roup of the Department of Computer Science of the
University of Twente reali ed that workflow software is becoming an important research
topic, and initiated a plan for an pen Workflow Laboratory. This will be a place facil-
itating workflow research and education by and for students, faculty researchers, buyers
and manufacturers of workflow tools. t will provide several workflow tools operating on
multiple hard- and software platforms in company-like environments. The purpose of the

pen Workflow Laboratory is to ac uire and maintain live e pertise and e perience with
workflow tools and to make this e pertise available in the public domain.

This research is the first to be conducted in the pen Workflow Laboratory conte t. At
the beginning of this chapter, it was stated that the local goal of this research pro ect was to
prove that the pen Workflow Laboratory is capable of conducting scientific e perimental
research. To reach this goal, a pro ect consituting of two e periments with a rather low
ambition level was setup. This way, much attention could be given to the design and validity
of the e periments, and a generic scenario for future e periments could be designed.

Aschapter will show,nottoomany e perimental research in the area of workflow systems s
currently being conducted. Here some research areas will be visited to show the involvement
in usability, organi ational, or workflow research.

or o Workflow researchers tend to focus on technical re uirements  arshak, 1992 ,
case-descriptions Harrel et al., 1992 , and workgroup modelling languages, inetal., 1992 .
The University of Twente has started a research programme called AD PT Analysis and
Design of ffice Procedures and Techni ues which contains research proects in  areas
of workflow management. Besides the tool oriented research reported here, it includes
an empirical study about the practice of workflow management which resulted in the
WA-12 report oostenetal., 1994 and four aster s Theses Aussems, 1994, Duitshof, 1994,
Huffmeier, 1994, ulder, 1994 ,and a normative research pro ect, aiming for a formali ation
of workflow systems  eertsma, 1994, oosten, 1994 .

r ono ics Ergonomics is an applied research area dealing with adapting machines to
people to prevent forcing people to adapt to machines. This includes adapting hardware
e.g. keyboard shape and layout, software user interfaces and communication strate-
gies and user models e perience level, preferences in command structures . Ergonomists
have been designing and evaluating software systems and have produced design method-
ologies to ensure user input and user involvement during design inkelstein et al., 199 ,



Noro and mada, 1991 . To evaluate systems, usability tests have been created and vali-
dated.

Some of the ergonomical literature is directed towards workflow related areas, such
as D P-systems reiburg, 19 , or managing organi ational change allik, 19 , where
recommendations are given for re- design pro ects.

n the Human-Computer nteraction research area of Computer Supported Co-
operative Work CSCW  roupware products are studied by researchers from this area
more attention is given to usability factors. esearchers from this area focus on work,
groups, processes, communication, and organi ations, and see new technology as a means
of support, not as a goal. Several researchers have been building coordination theories and
have e plained why their theory will be useful for the design of cooperative work systems

see alone and Crowston, 199 foranew one . Terry Winograd, ernando loresand aul
edina- ora are conducting research in the area of coordination within groups, for which
they have been creating a model based on language-constructs. Their approach is called the
Action-Workflow Approach see edina- oraetal, 1992 . Workflow systems are placed
into the different place/different time cell of the groupware ta onomy of table 2.1.

Table 2.1 roupware ta onomy with e amples

IP n the area of Document mage Processing D P only recently attention has been
directed from a purely technical view towards end-users of imaging systems. n 1991, the
ournal on imaging systems, ptical nformation Systems, was renamed into Document
mage Automation and began focussing on end-user applications and organi ational issues
see Cowan, 1991 . However, there is no evidence that serious research is conducted in this
area on the issues of human factors and organi ational impact.

P Todays in the workflow management research area is Business Process e-
design or e-engineering BP . A simplistic view of BP can be stated in terms of the five
activities nformation gathering and documentation, Conceptuali ing the new business pro-
cess, System modeling, System development, and Training for change. Tools and techni ues
are available to accomplish these activities independently, but there is no consistent thread
between the tools available to support the consecutive activities.

esearch programs in this area focus on re- definition of processes, types of organi a-
tional change, the role of nformation Technology in BP , performance measures and human
factor issues.  ost of the literature in this area is related to single cases, and only recently
efforts are undertaken to design a methodology ablonski, 1994 , maybe because, as  ark

lein wrote



atabases Database transactions and workflows have overlapping characteristics that in-

spired researchers from both areas to combine their efforts to design transaction-oriented
workflow models and prototype systems. Both database transactions and workflows need
automatic operation e ecution, monitoring the status of activities, enforcing consistency,
concurrency control and failure recovery.

Transaction modelist have been working towards workflow models by incorporating
long-lived-transactions to cover longer time spans, semantic seriali ability tosynchroni e
activities, rela ed isolation to increase the level of concurrency, and application dependent
failure atomicity to support failure recovery and alternative activities in workflows see
Eder and Liebhart, 1994 .

The main advantage of introducing database characteristics into workflow methods is
the increased that has been associated with database management systems and can
now be used in workflow models.

o istics nmodernlogistics, aterial low System software S s is used to streamline
processes for the sake of increased throughput and smaller supplies. ncreasingly faster
life cycles for products and associated ~ S's, coupled with increasingly more modular and
fle ible production and transport facilities and e uipment, create a necessity to continu-
ously e amine potential and control strategies in a dynamic mode

Nofand oodie, 19 9, page 92 . This leads toward a need for integrating design and
control systems, knowledge and datain S s, like in workflow systems.

ana e ent cience  anagement Science is a discipline devoted to solving certain man-
agerial type problems using uantitative models and techni ues. This uantitative approach
is widely employed in business. Areas of application include forecasting, capital budgeting,
capacity planning, scheduling, inventory management, pro ect management, and produc-
tion planning Stevenson, 1992 , page 2 . Since workflow management is a mangerial type
problem, it is considered an application area.

r ani ation eor n the field of organi ation theory the dynamics of automation and
thee pected effects of automation on organi ations ar also under research.
invoked real social processes under artificial conditions are used to study the comple
networks of humans and their interactions. These simulations show that

t erareas Since workflow modelling and re-engineering can be done in information
or document based organi ation, other application domains have been trying to develop
domain-specific workflow models. The workflow paradigm, stating that any process can
seen as a workflow, and therefore can be automated with workflow tools, seems to become
common knowledge e.g. ennings, 1994 .



Chapter 3

Problem Definition

The upper level aim of this research pro ect was to prove that scientific e periments could
be conducted in the pen Workflow Laboratory. nce this was decided, a research

had to be chosen. The background of the author suggested a topic related to information
ergonomics, or organi ational impact.

The technical aspects of e isting and future workflow systems are widely discussed in the
literature see  arshak, 1992 for ane ample , but still very little is known about the effects
of workflow software on the organi ation and the users to which it is introduced. n the area
of groupware research, a similar complaint is heard and formulated as

n this section the needs for charting the changes in usability and organi ational impact are
advocated.

n the field of human-computer interaction HC , usability research is regarded as one of
the pillars of research, and according to a usability engineering survey on the European T
industry Dillonetal., 199 2 of the European T industry thinks usability is important
to very important. Still, not much research time is spent on usability of workflow tools.
Brian Shackel s definitions of usability Shackel and ichardson, 1991 however, show that
usability research on workflow tools is useful

As Shackel indicates, the previous is a generali ed definition, and a more operational one,
which specifies what is usability in uantifiable or measurable terms, is necessary. He
therefore proposes the following operational definition of usability

11
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ffectiveness

earnabi it

e ibi it

Attitude

or any workflow tool, this definition can be implemented , or operationali ed with nu-
merical values for usability research. The effectiveness re uirements for e ample, could be
implemented as

n his preface in Shackel and ichardson, 1991 , Shackel indicates the necessity of usability
research of human-computer interaction by stating that



This is why office systems fail, according to Niels B orn-Anderson, in his article on design
of third wave office systems B orn-Anderson,19 . New computer systems seem to have

uite a few une pected side-effects other than learning a new set of commands, but few of
these effects have been reported in workflow literature, and therefore

nowing that there is a need for research in both workflow system usability and organi a-
tional impact, the lower level research goal can be stated as follows

topics

Because the ambition level of thee periments was kept rather low only parts of the full effects
of introducing a workflow tool into an organi ation could be considered. The variables to
be considered were chosen for their sensitivity to the e pected changes according to related
workflow literature. They are

, since Louise irkbride e pects the possibility to concentrate on primary
tasks, see irkbride, 1992 , and several sources e pect an increase in productivity see
oosten et al., 1994 , page 1

, since Ann Palermo and Scott cCready e pectadecrease in comple ity
see Palermoand cCready, 1992 , and consulting time is e pected to be dependent
of comple ity.

, since the writers of the vum report on workflow management software
e pectanenlightning of tasks, therefore shorter process times and longer waiting times.
see Hales and Lovery, 1991
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When these variables are checked during the e periments, the results will show whether the
effects of introducing a workflow tool, as predicted in the literature, will actually occur. The

research uestions therefore are

1.

Not considered but reported e pected effects oosten et al., 1994 of introducing a workflow
tool into an organi ation are

Positive effects Elimination of delay, fewer failures, improved service to clients, reducing
costs, increasing oy of work, and reducing vulnerability.

e ative effects  orerigid processes, too much a paper factory, the Big Brotheris watching
effect, underestimating current processes, and the fact that there is no way back once a
workflow automation pro ect has been started.



Chapter 4

Research Method

Science is ust one of several methods for generating a body of knowledge. ther meth-
ods include , or the state of holding fast, also known as superstition, , Or
ac uiring knowledge without reasoning or inferring, , or knowledge ac uired from
a highly respected source of information, , or knowledge ac uired through correct
reasoning, and , or knowledge ac uired from e perience.

The scientific method can be used in several fields, with several , which represent
the specific manner in which one implements the scientific method the method itself will
not change.

n this research pro ect the scientific research approach, as decribed by Christensen in
his book E perimental ethodology Christensen,19  was used to determine which tech-
ni ues might be usefull. The is descibed in section 4.1, along with its ob ectives and
a definition of causation. The that was chosen to implement the scientific method
is the e perimental research approach section 4.2 .

The three most important characteristics of the scientific research approach are control,
operational definition, and replication.

Control enables scientists to identify the causes of their observations.

perationism means that terms must be defined by the steps or operations used to
measure them, which is necessary to eliminate confusion in meaning and communica-
tion.

oran e periment to be replicable, the data obtained must be reliable, that is, the same
results must be found if the study is repeated.

r, as Calder Calder, 19 ,page42 describes the scientific approach

observe hypothesis

e periments



The ultimate ob ective of scientists is to understand the world in which we live. nly when
a phenomenon is accurately described and e plained, and therefore predictable and in most
cases capable of being controlled, will science say that it has understanding. Conse uently,
the ob ectives of the scientific research approach are

escri tion Scientific knowledge typically begins with description. tre uires one to accu-
rately portray the phenomenon, to identify what variables e ist, and to determine the
degree to which they e ist.

anation The second ob ective is to identify the antecedent conditions which result in the
occurence of the phenomenon, to ac uire knowledge of why the phenomenone ists or
what causes it.

Prediction Prediction refers to the ability to anticipate the occurence of an event prior to its
actual occurence. fwe cannot accurately predict a phenomenon, we have a gap in our
understanding of it.

ontro Control is the ob ective of science that refers to the manipulation of the condi-
tions that determine a phenomenon'. nce these conditions are understood, the phe-
nomenon can be controlled by allowing, or not allowing the conditions to e ist.

Before discussing the characteristics of the e perimental research approach, it is necessary
to define causation. inding the cause of an effect re uires discovering both the
and conditions for the occurence of an event. A condition refers to a
condition that must be present in order for the effect to occur. To become an alcoholic you
must consume alcohol. A condition refers to a condition that will always produce
the effect . Destroying the auditory nerve always results in a loss of hearing.

A condition must be both necessary and sufficient to ualify as a cause. As scientists we
are continuously concerned with discovering necessary and sufficient conditions, but it is
unlikely that we discover all of these consitions.

The e perimental research approach is the most fre uently used techni ue to identify cau-
sation. Through e perimentation cause-and-effect relationships can be isolated because this
approach allows one to observe, under controlled conditions, the effects of systematically
varying one or more variables.

The definition of a psychological e perimentby imney imney, 19 1 gives the charac-
teristics of the e perimental research approach




n imney s definition the ideas of constancy and variation are e pressed. The idea of
constancy refers to controlling or eliminating the influence of all variables e cept the one or
ones of interest. The idea of variation means that one or more variables must be deliberately
and precisely varied by some given amount to determine their effect.

The first and foremost advantage of the e perimental approach is the control that can be
e cercised. Control can be achieved by bringing the e periment into the laboratory and
thereby eliminating many e traneous influences. A second advantage is the ability to ma-
nipulate precisely one or more variables of the e perimenter s choosing. Christensen also
mentions a third, pragmatic advantage The use of thee perimental approach has produced
results that have lasted over time, that have suggested new studies, and, perhaps of most
importance, that have suggested solutions to practical problems. This approach has proved
tobe e tremely useful, which makes it important.

The most fre uently cited criticism leveled against the e perimental approach is that
laboratory findings are obtained in an artificial and sterile atmosphere that precludes any
generali ation to a real life situation. esearch into this artificiality issue indicates that it
represents a problem only when an individual makes a generali ation from an e perimental
finding without first determining if the generali ation can be made. ther disadvantages of
the e perimental approach include the difficulty of designing an e periment, and the fact
that the e periment itself may be e tremely time-consuming,.

The e perimental research approach as an implementation of Calder s model for a scientific
research method see section 4.1 consists of four steps to be taken

1. identifying the problem and hypothesis formulation,
This includes setting up an analytic model of the e periment with dependent and
independent variables.

2. designing the e periment,

When designing thee periment, one should consider how the hypothesis will be tested.
Will there be a need for sub ects or can the hypothesis be tested by the researchers
themselves How will sub ects test the hypothesis n what way will there be a
distinction between different e perimental situations

. conducting the e periment,

During thee periment, observations will be made that have to be processed into results.
These results will have to be presented in orderly ways to make sure that conclusions
can be tested. Are these results valid



4. hypothesis testing,

Will the results suport the stated hypothesis, or not What arguments can be used to
re ect the conclusion

This is the order of the steps in the scientific process. Although the steps overlap and
influence each other in many ways, this will be the order in which the steps will be presented.
Special attention has been given to the validity of these e periments, therefore e tra sections
discussing validity have been introduced.



Chapter 5

Analysis and Hypothesis Formulation

n chapter the problem was identified, and research uestions were posed. The research

uestions now have to be operationali ed to allow measurements to be taken and processed
to results The independent and dependent variables have to be identified, and hypotheses
have to be formulated.

The research uestions see section . indicate that introducing a workflow tool into an
organisation will have effect on work activities. To detect these changes have to
be created ne in which activities are supported by non-workflow tools and one in which a
workflow tool is present to support activities. Therefore the is identified
as follows

All measurements that refer to a situation where a workflow tool is present, shall have a w
subscript to them. These , as introduced in section . , are identified as
shown in table .1.

Table .1 Dependent variables and their meaning
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n Wasser, 1992 , urgen Wasser states that productivity increases of 4 to are not
uncommon when workflow tools are introduced. This gives rise to the following hypothesis

r, in terms of

1

n Palermoand cCready, 1992 , Ann Palermo and Scott cCready state that comple ity
of tasks will decrease when workflow tools are introduced. Since consulting is e pected to
decrease with decreased comple ity, this gives rise to the following hypothesis

r, in terms of

1

n Hales and Lovery, 1991 , eith Halesand andy Lovery state that the total elapsed time
of a proces that has been automated by a workflow tool will decrease significantly they
speak of several hours after automation in stead of severals days, possibly weeks before .
This gives rise to the following hypothesis

r, in terms of



Chapter 6

Design of the experiments

The e periments reported here are laboratory e periments, designed to detect changes in
tasks of groupmembers. The design included the creation of a timetable with necessary
activities, the design of an fictuous organi ation of which sub ects would be members, the
design of a process they would have to work on, the design of instructions for them and their
observers, and the design of the applications they would have to work with. Before actually
conducting the e periments, they were evaluated to ensure internal and e ternal validity. A
description of each of these design steps will be presented here.

n starting this research a timetable was designed and filled with activities necessary to
conduct the e periments. These activities include defining the main goals, reservation of
rooms, apparatus inventory, designing the e periment, building the application, installing
the workflow tool on the appropriate server and conducting the first and second e periment.

or each activity the duration, deadline, and dependencies to other activities were defined.
After this, they could be placed in the timetable in chronological order. This does not mean
that two activities could not be conducted parallel  verlap of activities was uite common.

esearch started around the 1st of April, 1994, the first e periment was conducted on une
1 ,1994, and the second one on une ,1994.

The simulated organi ation is the Department for Short term Personal Loans of the Social
Services Department in the town of Berfelo, The Netherlands. Thisis a fictional town that,
according to the instructions, started the Department for Short term Personal Loans when
it found out that many of Berfelo s inhabitants at some time were in need of money to pay
for hospital or other bills. These kinds of bills are only refunded after they have been payed
in front. The department consists of five firste periment or four second e periment civil
servants who receive loan re uests and try to aswer the re uest as soon as possible. Cicil
servants will have different roles, related to different activities and responsabilities.

embers of this Department have been working with standard application software to
cope with their tasks. They are now at the point of transferring to workflow software because

21
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management thinks it will increase their productivity and will decrease their workload.

The outline of the process is described below. n the first situation of the e periment a
database program is used to carry out the activities of the process. n transferring to work-
flow software a few minor changes could be made to this process, including electronically
checking and routing of forms. No e tensive Business Process edesign was done.

e uests for a short term loan enter the organi ation by paper mail and are placed in
a mailbo . After that, 4 steps with the following activities are necessary to complete the
process see figure .1

|

data entry
&

criteria not OK

criteria testing

criteria OK

credit data
lookup
& entry

evaluation
& negative

advice

positive

awarding rejecting
& &
consistency check consistency check

igure .1 The loan application process

1. The data from the re uest form are entered into the computer system. Some simple
tests are conducted to see if this re uest meets the official criteria. fthere uest fails to
meet these criteria it is directly transferred to the re ection officer step4 . fthere uest
is accepted it is passed on to the ne t step.

2. nacception of the re uest, the official credit data of the re uestor are looked up in
a database which is, in this e periment, implemented as an old-fashioned chest of
drawers containing the credit information of all re uestors. The credit information is
filled out in a second electronical form.

. The third step is evaluating the re uest and the credit information. n order to be able
to give an ob ective evaluation for every re uest a list of evaluation criteria is present.
This is a simplification of reality, since in the real world these evaluation criteria will
be relatively vague or even partly undefined. To ensure a little reality the criteria
were placed in a random order and formulated in different ways. The result of this
evaluation is a positive or negative advice. After this, the re uest is transferred to the
officer who deals with awarding and re ecting.



4. The last step is the filling out of a letter noticing the re uestor of awarding or re ection.
A final check on data consistency is performed.

Every sub ect was responsible for one to three consecutive steps/activities. Table .1 shows
how the activities were assigned to the sub ects A fifth sub ect was used only in the first
e periment .

All sub ects and observers were given a general introduction to the purpose of the e -
periments. This can be seen in Appendi A.l. or every step there was an instruction
that e plained what tasks were to be carried out and how they could be carried out see
Appendi A.2 . The data entry sub ects and the evaluation sub ects were given their list of
criteria.

Every sub ect was observed by a non-professional observer who kept track of times spent
onsubse uenttasks. bserverswere also instructed how to make notes of the observed times
and how to respond to the sub ect s uestions. or their instructions, see Appendi A. . The
observations were to be made on observation forms. or samples of these observation forms,
see Appendi B.

Table .1 Assignment of activities to sub ects

Two situations were set up which differed in their use of software and the applications built
with this software. n the first situation, where no workflow software is used, the data
is entered into a NoWork low' application . n the computer screen one to three icons
represent the activities that have to be carried out by a sub ect. A case of the loan re uest
process is started by a data entry officer taking a re uest out of the mailbo and clicking with
a mouse on the data entry-icon. This results in NoWork low showing an electronic input
form on the screen that can be filled out by the sub ect. tis possible to fill out several forms
in a batch-like mode, but it is also possible to close a form on completion. Closing a form
enables the user to start other steps. With NoWork low it is possible to share tables among
users, so every entered re uest is almost immediately available to other users who might be
able to complete a subse uent step of the process.

n the second situation, the workflow tool esWork low is used to complete a process.
Here a main menu is shown and a notices field with a message stating you have new work
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or check work ueue when there is work to be done or to be finished, respectively. The
main menu enables users to start processing a case or send E-mail messages to other users.
Data-entry officers are the only ones who are able to initiate new cases, others have to wait
for the youhave new work message and then go to their . The work ueueshows
case descriptions and tasks to be performed. Since this work ueue makes it clear that a user
has work to do, it is no longer necessary to circulate the re uest forms after the data-entry
step, the paper form can be filed.

n both situations, the electronic forms are designed to look like the original forms as
much as possible. Both situations were simulated for =~ minutes.

n any e periment it is necessary to check the internal and e ternal validity, where inter-
nal validity means that the e periment itself is designed in a valid way so that

Christensen, 19 , page 92, and e ternal validity means that the results from the e peri-
ment are applicable in the real-world too provided that thee perimentis designed to reflect
partof thereal world . esearchintoe perimental methodology e.g arvenpaa etal., 19
has shown that the primary difficulty of thiskind of e perimentalresearchise ternal validity.

nthesee periments,the followinge traneous variables were controlled to ensure

Persona variab es None of the sub ects had any previous e perience with workflow tools.
They were given a chance to practice with both applications once. During the first
e periment this was done in a groupwise manner Before the start of each half hour
situation, two cases of the process were started and the subse uent steps were carried
out by the group. During the second e periment, the practicing was done in a personal
manner Before the start of both half hour situations, one case of the process was started
and all appropriate steps of the process were carried out. Sub ects acted as their own
control in respect to the independent variable.

ituationa variab es The precence of other persons in the e periment room was brought
to a minimum. The e periments were conducted in a simulated office environment,
including filing cabinets and in- and out-bo es that were functional to the tasks. The
e perimenter had instructions to restrain himself to giving only necessary comments.

rono o ica variab es As a result of the setup of the e periments, the only logical order
was no workflow  workflow .

All sub ects were asked to scale their e perience with several categories of software like
database programs, operating systems and generations of programming laguages. These
forms were analysed to check

nthesecond e perimentsub ects were also asked to fill out a Software Usability  easure-
ment nventory SU  form seesection .2.4and Porteousetal., 1994 . This uestionnaire
is designed to measure and compare the usability of software products. t was filled out at
the end of each situation by every sub ect.



Chapter 7

First Experiment

After conducting the firste perimenton une 1 th 1994, the raw result material consisted of
1 observation forms  with observations of the non-workflow situation, with workflow
observations and pages of interview transcript. The forms were used to produce the tables
in section .2, the interviews were used to draw conclusions and to improve the e periment.
A preview of what might be concluded is presented in section . . This chapter starts with
an account of what happened on une 1 th, 1994.

At around 9 o clock in the morning of riday unel , 1994 a group of 11 people gathered in
theresearch laboratory of the Section nformation Systems on the Twente University Campus.

ne of them was the author in his role of e perimenter, the others were mainly university
students, and some students of the Higher Economics and Administration School.

Cofee and tea were provided and after a short welcome and introduction the students
were given the general introduction papers see Appendi A.l1 to read. After having an-
swered some uestions, the e perimenter assigned the tasks to the sub ects ive students
were to be observers, the others would be civil servants for the ne tfew hours. All sub ects
received their instructions and having read these they were given a chance to practice with
the NoWork low system for half an hour, and at 1 1 sharp, the stopwatches were started
for the first half hour of e perimentation.

rom1l 4 toll more coffee and tea was consumed before practicing for the ne thalf
hour with the esWork low system. At11 the stopwatches were started for the second
half hour. rom 12 tol all sub ects and observers were interviewed in pairs to elicit
their e periences, after which they were paid and allowed to leave.

or each dependent variable, the results of the two situations are shown and discussed
Productivity in subsection .2.1, consulting time in subsection .2.2, and waiting time in
subsection .2. . The outcome of the validity tests are in subsection .2.4.

2



Hypothesis 1 states that productivity will increase when using a workflow tool. But by
how much did the transfer to workflow increase produvtivity —n table .1 the difference
in productivity between the two situations is shown. The last column shows the ratio of
the number of steps carried out with the workflow tool vs. the number of steps carried
out without the help of the workflow tool, that is . rom this table it s clear that in
this e periment productivity was roughly doubled when the workflow tool was present to
support the process. ntable .2itisshown that this doubling of productivity is not the effect
of learning. The numbers in this productivity per time table do not increase as time flows
from to  minutes, nor do they increase from  to  minutes. This provides evidence
that the e perimental task is a rather simple process that can be learned in one or two trials,
hence learning will not be a confounding variable.

Table .1 Productivity results firste periment

Table .2 e uestsovertime firste periment

Since hypothesis 2 states that consulting time will decrease in favor of time spent on primary
activities, table . was drawn up. tshows the time in seconds spent on consulting other
sub ects and the e perimenter. The ratios of consulting time vs. time spent on primary
activities, and are shown in the last columns. n the rows the subects 1 to are



shown. Because of the way the observation forms were designed, the ratio s can t be given
for every task seperateley, but have to be aggregated to sub ects. rom this table several

Table . Consulting times firste periment

observations can be made

n general, there was hardly any time spent on consulting others or the e perimenter.
Especially the ero s, coming fromsub ects4and both2 secondsbefore and 4 seconds
after introduction of the workflow tool are astonishing. These sub ects had a lot of
waiting time to kill see subsection .2. and inevitably they must have had conver-
sations regarding their work. An observer error is presumed here Probably because
of the long waiting times, their observers decided that the conversations couldn t be
regarded as consulting, but purely as time killing.

Subects1and showa decrease compared to their pre workflow consulting time
on introduction of the workflow tool. Sub ect 1 had a few start-up problems that took
him about seconds in the first round. n the second round with the workflow tool

he had no problems. f this is taken into account, there s still a decrease left for
this sub ect. Sub ect only consulted other sub ects especially sub ect 2 with whom he
shared the evaluation task at start-up time, according to the observation forms. After
that he too had long waiting times to kill and most likely must have been chatting to
others about his tasks.

Sub ect 2 is the only one with an increased ratio. Unfortunately his observation
form has a lot of unreliable notes on it. t s possible to argue that from the observation
form it shows that instead of 1 9 only 11 or even only  seconds of time were spent
on consulting, after the workflow tool was introduced. This still leads to the conclusion
that this sub ect spent two to three times the amount of time on consulting, after the
introduction of the workflow tool.

As indicated before, some sub ects had to wait for up to several minutes before they could
actually start working. When this is observed in a company, it s usually an indication of
a bottle-neck of some sort. n table .4 the waiting times in seconds of this e periments
sub ects are shown. The results are shocking Sub ects 4 and could process more than

times the amount of work they do now. Without workflow tool sub ect could be at home
half of the day, with workflow tool he might as well be working only 1 day of the week There
is a clear bottle-neck after or even before the credit lookup phase. During the interviews
conducted after the e periment the subects , 4 and told that they were indeed waiting
a lot, but none of them suggested that they could take over some of the work done by the



sub ects 1 and 2. They were speaking in terms of staying home half of the time, or laying off
one or two of them, but not in terms of redesigning the process in a way that the bottle-neck
would be solved.

Table .4 Waiting times firste periment

n this e periment many variables were balanced by letting the same sub ects do the same
work in both situations. The learning effect was shown to be be non-confounding see
table .2. ne variable that could be disrupting might have been the non- professional
observers. These observers were not trained to be as ob ective as possible, nor were they
trained to observe the tasks performed by the sub ects. t is for these reasons that table
and table . were drawn These tables show the number and ratio of faulty or dubious
observations, and total recorded time per observer, respectively. The total observed time
table . should have been 1 seconds minutes seconds/minute , but in one
case lies close to 1 2 seconds, corresponding to only 22 minutes. Table . shows that the
observer of sub ect 2 has made a lot of dubious or faulty observations, up to 21  of his
total when the workflow tool was used by the observed sub ect. These include missing time
records, uestion marks and inconsistent observations like an observed form pickup time
without an observation of a time to fill out the picked up form. ther observers have been
more careful in observing their sub ect, with observer as a perfect e ample with only one
dubious observation out of his 9 total.

Table . Dubious or faulty observations firste periment

The hardest part for any e perimenter is to interpret his results. He has to combine his
knowledge, his ideas, and new data ac uired through e perimenting into arguments which
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Table . bserved times first e periment

in turn can be transformed into conclusions, recommendations, and new hypotheses. Here
the results of the first e periment will be used for hypothesis testing.

Productivit  nsection .2 the following hypothesis regarding productivity was stated

r, in terms of

1

Table .1 clearly shows thatin thise periment  will be re ected in favor of ;. Apparently
workflow automation with its automatic routing of electronic documents and work- ueue
functionalities is capable of speeding up work.

onsu tin  nsection .2 the following hypothesis regarding consulting time was stated

r, in terms of

Table . however shows of workflow support on consulting times Sub ects
with 1 or 2 tasks show a decrease in consulting time, subect 2 with tasks is showing
an increase in consulting time. The low number of observations prevents valid conclusions
on this sub ect, but comple ity of task is certainly a factor in consulting time increase or
decrease. uturee perimentsshould have a comple ity factor built in to detect the influence
of comple ity on consulting time.

aitin n section .2 the following hypothesis regarding waiting time was stated

r, in terms of



1

Table .4 shows that the clear bottle-neck prevents evaluating this hypothesis. Because of
this bottle-neck waiting times for sub ect and especially sub ects 4 and , hardly increased
when their work was done with the help of a workflow tool. nthesee periments, workflow
automation seems to have only marginal effects on process cycle-time, while the process
itself is a far greater factor. f and when the process is re-designed, bottle-necks could be
built in with care to detect how great a factor this is.

a idit rom the previous paragraphes, it is clear that the results from the firste periments
are not as usefull as is necessary to draw valid conclusions. These results and comments
from sub ects call for the following alterations to the e perimental design The way the
observations are collected needs improvement, and the process itself may need alterations
to solve the problem of long waiting. urthermore, if practicing would preclude consulting
between sub ects, measurements would give a more accurate picture of consulting times. f
these changes are made, the internal validity of the e periments is acceptable. The e ternal
validity however has not been tested yet.



Chapter 8

Second Experiment

The research goal section .2 states that the first e periment was to pave the way for the
second e periment. The results of the firste periment show that changes to the e perimental
design are necessary. n section .1 the changes that were made are e plained. Section .2
shows the results from the second e periment. nsection . these are interpreted.

rom the interpretation of the first e periment see section . , itis clear that especially the
process of and the observers themselves needed improvement. The
times of the first e periment were also in need of improvement. To avoid consulting during
the practice period had to be redesigned. n the first e periment the
was mentioned as being sub ect to research but no results were shown. This time some
attention should be payed to this sub ect.

bservin  nthesecond e periment the proces of observing was improved by redesigning
the observation forms. An e ample of how the form should be filled out was pre- printed
on the form and a few little corrections were made see Appendi B . nstructions for the
observers were also redesigned. The supposed ob ectiveness of observers was stressed by
instructing them to answer any uestion from sub ects with
and by e plicitly telling them not to interfere with the sub ects. The proces of observing was
also changed to no-stop recording of times, meaning that the stopwatch was started once,
and finishing times of activities were recorded by copying the time from the stopwatch to
the observation form without stopping the stopwatch. This ensures the recording of the full

minutes.

on aitin  Toavoid too much waiting times only four sub ects were used in the second
e periment. This way only one sub ect was responsible for both awarding and re ecting
re uests. fenough sub ects would have been at hand, it might have been possible to add
one data-entry sub ect to increase the number of re uest that could be processed and to
enable the creation of work ueues.



Practicin  nstead of practicing in a groupwise manner, every sub ect and his or her ob-
server were given a chance to practice the tasks seperately. This precluded consulting with
other sub ects about the division of tasks before the actual situations started.

terna va idit The e ternal validity, meaning that the results from these e periments
are applicable in the real world, can be tested by checking the representability of the sub ects.
This can be done by randomly selecting sub ects from the population and by analysing the
e perience scalings given by this sample see section .2.4 .

After conducting the second e periment on une 1994, the raw result material consisted
of observation forms 4 with observations of the non-workflow situation, 4 with workflow
observations , 4 pages of interview transcript,and Software Usability ~easurement nven-
tory SU  forms. The forms were used to produce the tables below, the interviews were
used to draw conclusions and to design a generic scenario for future e periments.

n table .1 the difference in productivity between the two situations is shown. The last
column shows the ratio of the number of steps carried out with the workflow tool vs. the
number of steps carried out without the help of the workflow tool, that is . rom this
table it s clear that in this e periment productivity was roughly 1.  times higher when the
workflow tool was present to support the process. n table .2 itis shown that this increase
of productivity is not ust the effect of learning, but is actually the effect of introducing the
workflow tool. The numbers in this productivity per time table do not increase as time
flows from to minutes, nor do they increase from to  minutes. This is the effect of
designing a rather simple process that can be learned in one or two trials.

Table .1 Productivity results second e periment

Since the hypothesis is that consulting time will decrease in favor of time spent on primary
activities, table . was drawn up. tshows the time spent on consulting other sub ects and
the e perimenter. The ratios of consulting time vs. time spent on primary activities, and

are shown in the last column. n the rows the subects 1 to 4 are shown. Because
of the way the observation forms were designed, the ratio s can t be given for every task



Table .2 e uestsover time second e periment

Table . Consulting times second e periment

seperateley, but have to be aggregated to sub ects. rom this table several observations can
be made

n general, there was not much time spent on consulting others or the e perimenter.
Especially the . and . , coming from subects 1 and are astonishing. Sub ect
had a lot of waiting time to kill see subsection .2. and inevitably she must have
had conversations regarding her work. An observer error is presumed here Probably
because of the long waiting times, the observer decided that the conversations couldn t
be regarded as consulting, but purely as time killing. This observer was seen talking a
lot with the sub ect who said during the interview that she en oyed someone to talk to
in her waiting periods.

Sub ect 4 showsa 9  decrease compared to his pre workflow consulting time on in-
troduction of the workflow tool. The  seconds consulting time of the non-workflow
situation were all during one case of the process. This incident caused a total process-
ing time of 2 seconds instead of the average of 14 seconds over the other cases.

Sub ect 2 is the only one with an increased ratio. nstead of using1 seconds
of consulting other sub ects and the e perimenter in the non-workflow situation, he
used 1 seconds in the workflow situation. This is an increase of . Sub ect 2 had
the mostcomple task of handling steps of the process. n the non-workflow situation
he only conducted the data-entry and credit lookup steps, admittedly to make sure that
sub ect had some work to do too. n the workflow situation he evaluated only one



re uest and this took him  seconds while sub ect used an average 1 seconds to
evaluate a re uest.  ost of the time he worked on his data-entry and credit lookup
tasks.

As indicated before, some sub ects had to wait for up to several minutes before they could
actually start working. When this is observed in a company, it is usually an indication of
a bottleneck of some sort. n table .4 the waiting times of this e periments sub ects are
shown. tis clear from this table that waiting times increased when the workflow tool was
used to support the tasks, but the reasons for this increase may differ from sub ect to sub ect.
or instance, sub ect 1 has a total increase of 22 9 seconds of total waiting time

but the average waiting time per re uest shows a decrease to 4 2 seconds per
case . The medians however show a different picture The medial waiting time during the
first situation is 1 seconds, that of the second situation is 2 seconds, an increase of
Anticipating the conclusions it is obvious that from these figures no sound conclusions can
be drawn, at best indications of conclusions.

During the interviews conducted after the e periment the sub ects and 4 told that they
were indeed waiting a lot, and one of them suggested that they could take over some of
the work done by the sub ects 1 and 2. He suggested that sub ects could take care of the
data-entry and credit lookup tasks and one could deal with the evaluation and awarding
and re ection.

Table .4 Waiting times second e periment

n this e periment many variables were balanced by letting the same sub ects do the same
work in both situations. The learning effect for e ample, was shown to be not confounding
see table .2. Again, a variable that could be disrupting might have been the non- pro-
fessional observers. These observers were instructed but not trained to be as ob ective as
possible, nor were they trained to observe the tasks performed by the sub ects. tis for these
reasons that table . was put together This table shows the faulty or dubious observations.
These include missing times, uestion marks and illogical observations like an observed
form pickup time without an observation of a time to fill out the picked up form.

Another possibly disrupting variable might have been the difference between the two
applications. fthe sub ects would have preferred working with esWork low over working
with the NoWork low application this might have had some effect on the results. This is
why during the second e periment the Software Usability =~ easurement nventory SU
test was administered, because it gives clues regarding the perceived usability of software
or, as the designers say



Table . Dubious or faulty observations second e periment

The SU has a lobal scale for usability which has a standard-normal curve around the
median of and astandard deviation of 1 . Then there are five seperate scales for efficiency,
affect, helpfulness, control and learnability with the same curve. The only problem with
this test is that ...

Porteous et al., 1994 , page
2 , and here are only four users per application. This is why the following results of the
SU  should be regarded as of valid results. irst some ratings according to the
authors of the SU  User Handbook, will be given

Speciali ed ratings below  indicate poor usability and ratings on or below 4 call for
remedial action.

Below average software products will score below  onthe lobal scale and below
for most of the speciali ed scales.

Above average products will havea lobal rating of and speciali ed ratings on
or above

f a vendor wants to sell state of the art software he must be sure that his product scores
above onthe lobalscaleand above on mostof the speciali ed scales.

Table . shows the lobal ratings of sub ects for both NoWork low and esWork low. t
is clear that there are some differences but that both applications score a lobal rating in
the category of above average products. Table . shows the five speciali ed scales
and their ratings according to this e periments sub ects. t seems that the NoWork low-
application needs repair, since out of 2 ratings are below . Especially sub ect 2 rates the
NoWork low-application poor, and must have been very pleased that this application was
replaced by the esWork low version. ther sub ects show less increase in their ratings,
subect even feels that the esWork low-application is less efficient and feels less affect
for it. Sub ect 4 feels a loss of control when working with the workflow tool. Since the
average ratings for the affect scale in average do not differ a lot, the difference in software
is considered to be non-confounding.
The previous results show that it is possible to ensure and check . The
uestion whether the results are applicable to the real world can be answered by checking
the . According to section .1 it is possible to check e ternal validity by
randomly selecting the sub ects from the population and by analy ing their e perience on
certain relevant topics.



Table .  atings for the SU lobal scale second e periment

Table .  atingsonSU  sspeciali ed scales second e periment

e ectin sub ects This was done by placing an advertisement in the local University News-
paper calling readers to apply for this sub ect position. They were offered a reward of
Dfl 2 ,- appro . 14 US for 4 hours of attendance. 22 sub ects responded and a total
of 1 attended the two e periments one observer attended both either as a sub ect
or as an observer.  ost of them were university students, but they differed in years
of study and in faculty. When sub ects were computer science students or graduates,
they were assigned as observer, others were randomly assigned. The predefined sets
of e perimental tasks were randomly assigned to the sub ects.

Selecting students as sub ects has been critisi ed, since their attitudes and behaviour
may differ from the e pected users see Copeland etal., 19 . ield studies will have
to be conducted to proof whether this is the case, or that students are acceptable as
sub ects, as stated in  hera and Benson, 19

erience ana sis To analyse the e perience with certain groups of software products
all sub ects were asked to fill out a uestionnaire with which they could scale their
e periences. The results from these uestionnaires are table . show noe travagant
sub ects.

Congruent to the first e periment, the results of the second e periment will be used for
hypothesis testing.

Productivit  nsection .2 the following hypothesis regarding productivity was stated



Table . Scaling of sub ects e periences second e periment

r, in terms of

1

Table .1 clearly shows thatin thise periment  will be re ected in favor of ;. Apparently
workflow automation with its automatic routing of electronic documents and work- ueue
functionalities is capable of speeding up work.

onsu tin  nsection .2 the following hypothesis regarding consulting time was stated

r, in terms of

Table . however shows of workflow support on consulting times Sub ects
with 1 or 2 tasks show a decrease in consulting time, sub ect 2 with tasks is showing
an increase in consulting time. The low number of observations prevents valid conclusions
on this sub ect, but comple ity of task is certainly a factor in consulting time increase or
decrease. uturee perimentsshould have a comple ity factor built in to detect the influence
of comple ity on consulting time.

aitin n section .2 the following hypothesis regarding waiting time was stated

r, in terms of



1

At first, table .4 seems to show that hypothesis  might be re ected in favor of ; ncrease
with factors of 1. . are reported. A futher analysis of the figures in this table see
section .2. shows that no valid conclusions regarding waiting times may be drawn from
thise periment.

However, the change from two to one sub ect dealing with awarding and re ecting seems
to have positive effects on waiting times, at least during the NoWork low situation.

a idit rom the previous paragraphs, it is clear that the results from the second e per-
iment have not reached the preferred validity level. Control over process comple ity and
case comple ity is needed to identify the cause-and-effect relationships between comple ity
and productivity, waiting times and consulting times. The NoWork low application needs
to be updated to receive the same affect rating as the esWork low application to make
sure that the software variable is non confounding.



Chapter 9

Recommendations

The e periments reported here were conducted to chart some of the changes caused by
introducing a workflow tool into an organi ation. The results of these e periments can be
transformed into recommendations for users and manufacturers of workflow tools 9.1 and
for people accompanying their introduction 9.2 . alidity tests have shown that the results
are not 1 valid, so these recommendations will have to be validated by further research.
Lessons learned from these e periments can also be transformed into recommendations for
the pen Workflow Laboratory 9.

Workflow system providers have been accused of designing the perfect Big Brother
instrument Workflow tools could be used to define and keep track of every action per-
formed by the workers. To prevent this from happening, users should be able to coop-
eratein the re- design of processes and activities, as advocated in Baroudietal., 19 ,
whose results

A workflow system should be implemented in such a way that users feel at least as much

affect for it as for their old system. This can be tested using the SU - uestionnaire,
even with une perienced users, according to obert oot and Steve Draper, who
state that

oot and Draper, 19 4 ,page

Some users may feel a loss of control over their work when a workflow tool is intro-
duced, but most of them will appreciate the increased efficiency and learnability. Loss
of control feelings can be precluded by letting workers gain insight in the process as a
whole, and the parts of it that they are responsible for.

Workflow tools can sometimes integrate e isting applications, thereby eliminating e -
tensive training usually needed for new systems and still increase productivity by

9



routing the right work to the right worker.

Workflow tools can increase productivity per worker a factor of 1. is reported here
which may cause long waiting times when the work process is not redesigned. Before
automating the old process, consider what effects a doubling of productivity and an
increase in waiting times will have on the process.

This research suggests that consulting between workers will change when a workflow

tool is introduced into an organi ation. Comple tasks will re uire more consulting
factors of 1.4 . are reported here after the introduction, while simple tasks will

re uire less consulting .2 .. When automating a process with a workflow tool,
default times for consulting should be updated accordingly.

A for the pen Workflow Laboratoryis necessary, striving for an-
swers to selected problems. Descriptions of real problems known from empirical and
normative research are prere uisites for futuree periments. By solving these problems
through e perimentation, workflow theory is e tended and confirmed. This approach
guarantees attention from universities and the industry, thereby guaranteeing the fu-
ture of the pen Workflow Laboratory.

A constantly updated set of four to five of

is necessary to conduct relevant research. This
way results from empirical, instrumental and normative research can be combined to
complete a workflow methodology.

To increase validity of laboratory e periments, a is needed for cre-
ating work environments. itting up this room can be compared to setting the
stage for a movie. This is an important process, since it influences participants
comfort, the flow of the e periments, and ultimately the wuality of the data see
Coleman Sal man and ivers, 1994 .

A must be developed. This should be an adaptable,
generic, step by step shell that can be used to implemented new e periments. Design
re uirements for future e periments can be formulated in terms of the concepts used
by this scenario.



Chapter 10

Conclusions and Further Research

Having conducted the e periments as part of the research pro ect, the uestion is whether

the research goals have been reached, or not, and, independent of the answer to this first
uestion, what further research can be done This chapter will provide answers to these two
uestions.

The goal of the research pro ect, of which this report is the result, was as stated in chapter 2
twofold

1. n the lower though global level, the goal was to gain insight into the effects of
. Because this is a large research area, the
topic was narrowed down.

2. nthe upper though local level, the goal was to prove that it is possible to conduct
scientific

The e periments reported here dealt with the introduction of a workflow tool into a group of
civil servants of a fictional town. Students were used to act as civil servants, and the townhall
was replaced by a laboratory/classroom environment.

f the results of these e periments are considered valid, then initial insight in some effects
of introducing a workflow tool into an organi ation is gained Productivity will increase,
some activities can be performed faster, resulting in longer waiting times between activities,
and consulting times will tend to increase for comple tasks, and decrease for simple tasks.

No e act figures for the increase and decrease are given, since these are likely to depend

on the that is automated initial automation level, comple ity, type of activities , the
way the initial procedure is to the automated procedure optimi ing through BP ,
using the functionalities of the workflow tools , and the by the end-users user

involvement, training .
ield e periments and additional laboratory research will have to provide these estima-
tions, as well as insight in other effects.

41
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Simply conductinge periments is notenough to proof thate perimental researchinthe pen
Workflow Laboratory is possible, it is merely an indication that scientific can be
conducted. To conduct a research plan, supported by management and technicians,
is necessary.

With the help of technicians and ergonomists, the pen Workflow Laboratory can produce
contributions to todays workflow theory by conducting laboratory e periments in the way
that is reported here. The reported e periments need tuning, refining and repetition to
produce these theory e tending results, but have been useful to sketch a scenario for future
e periments Appendi C.2.

The research plan should incorporate

A long term goal The cumulative research should lead to a better understanding of
certain aspects of workflow systems. where the phrase certain aspects of can be
filled out or left blank, depending on the ambition level of the research proposal.

A way to reach the goal a division into research strategies case-studies, field e peri-
ments, formali ation to support and validate the e perimental research.

The stepstoreach thegoal a prioritised divisionintosubse uentactivities that together
form the path to the goal.

eporting plan A proposal for how the results of subse uent activities should be
connected or combined through reports and/or articles and/or master s theses.

The reported e periments were conducted in the pen Workflow Laboratory-conte t as
part of the AD PT research programme. oal of the he AD PT-programme is to design
a workflow methodology, analysing methods, techni ues and tools for workflow systems,
and building and e tending workflow theory.
The process of theory building, as proposed by Sirrka arvenpaa in arvenpaa, 19

is shown in figure 1 .1. Her process has been critisi ed for putting too much emphasis
on laboratory e periments, but has survived because of the fact that S research is in a
state where following this process produces solutions to practial problems, and suggestions
for theory e tension. f this process is used to e tend workflow theory, suggestions for
further research must be divided into the three categories following theory testing through
laboratory e periments theory testing through , , and theory
testing through

irstly, conclusions from these e periments should be tested in the field, in organi ations
that are transferring to workflow support. ield e periments are an e tension to labora-
tory e periments into the real world of organi ations. The idea is to attempt to construct
an e periment in a more realistic environment than is possible in the artificial laboratory
situation. A difficulty here might be finding organi ations prepared to be e perimented on.



case study

)

research question

|

theory building

theory testing ¢
(laboratory experiments)
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(field experiments)

theory extension —— |

igure 1 .1 The process of theory building

n addition, replication is problematic, in that it is e tremely difficult to achieve sufficient
control to enable replication of the e periment with only the study variables being altered.

As soon as conclusions have been confirmed in the field, they can be incorporated in the
workflow theory, and applied in workflow methods, techni ues and tools. The

, stating that business processes can be seen as workflows and can be automated
using workflow tools, should be e tended with restrictions and recommendations regarding
productivity, consultation, and waiting time. Workflow re- design methods should incor-
porate the recommendations, and modelling techni ues as well as their supporting tools
should be able to deal with the concepts of productivity, waiting, and consulting.

Since the purpose of the pen Workflow Laboratory is to ac uire and live e pertise
and e perience with workflow tools, more e periments will be conducted. These e per-
iments can be designed with the help of a for workflow e periments to ensure a
constant of workflow theory.

or o eri ent cenario

To prevent reinventing the wheel of e perimentation, a generic scenario for future workflow
e periments has to be developed to acts as a shell, adaptable to the research uestions at
hand. A first draft of such a scenario can be seen in appendi C, where a case description,
the scenario and a possible implementation is given for the administration of distributing
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keys in a large building. This scenario is designed to provide needed, theoretical sound,
appropriate and replicable e periments.

on r in and tendin or o eor

uture laboratory e periments should confirm and e tend workflow theory.

on r ation Confirmation of e isting theory must be performed in two ways

To confirm previously unconfirmed parts of the theory, new e periments must be
designed, conducted and documented for validity testing and replication.

E isting results can be reconfirmed and validated by repeating the original e periments
or by designing and conducting new e periments designed to provide the same
results.

E amples of laboratory e periments where unconfirmed parts of todays workflow theory are
confirmed include e periments comparing failure rates, oy of work, process fle ibility, paper
output, and service to clients for non-workflow and workflow situations.  econfirming
e isting theory could include e periments where the productivity increase is measured
depending on organi ational characteristics, process type and comple ity. econducting
the reported e periments, changing the number of sub ects or the process, or the workflow
tool would also confirm parts of e isting workflow theory.

tension E tending workflow theory can be done in two ways

By choosing a completely new area of research, posing a research uestion, inventing a
theory and testing it in the laboratory and the field, and e tending the theory according
to the e perimental results.

By gradually crossing the theory border E tending the old theory by repeating original
e periments with a little added comple ity, or a new twist to them.

Which of the two approaches is most valuable depends on the state of the theory and the
si e of the research effort n untouched areas as is most of the workflow theory the first
approach is most valuable as long as the research efforts are big, and large parts of the theory
building process can be completed. or individual e periments without the possibility
to complement the results with empirical findings, and research areas where lots of valid
conclusions have been reached and theory is almost complete, the second approach is most
valuable. Untouched research areas in workflow theory are representation of workflows,
workflow system interaction styles, privacy aspects, and problems arising from multiple
interacting workflows.

Theory borders to be crossed include collaboration and coordination theories, formali a-
tion of workflow and workflow management, and organi ational applicability.



Appendix A

Instructions

This sections shows the general introduction in Dutch as it was given to all sub ects and
observers.

Waarom dit Wor kﬂow—experiment? e hebt e opgegeven voor een
wetenschappeli k e periment. Het doel van dit e periment is te onder oeken wat de gevol-
gen in als een organisatie een workflow-pakket gaat gebruiken. Een workflow-pakket
automatiseert en controleert een werkproces. ndite periment automatiseert en controleert
het workflow-pakket esWork low een lening-aanvraag-proces.

p dit moment in veel administratieve organisaties erover aan het denken om on
workflow-pakket aan te schaffen odat i hun werkproces kunnen automatiseren. aak
hebben e al wel stappen uit dat proces geautomatiseerd oals de order-aanname en/of het
type-werk maar hebben e nog geen controle over het proces. et een workflow-pakket is
dat wel mogeli k.

oor de e organisaties is het de vraag wat er gebeurt als i hun werkproces gaan au-
tomatiseren met behulp van een workflow-pakket. i itten met vragen als oeten we
on e werknemers lang op cursussturen  oeten we on e computersystemenaanpassen s
dit wel het uiste pakket voorons  oeten we werknemers ontslaan  oeten we computer-
specialisten aannemen

p de e vragen probeert het pen Workflow Laboratorium van de faculteit nformatica
een antwoord te vinden. Een van de manieren om die antwoorden te vinden is om e -
perimenten uit te voeren waarin het invoeren van een workflow-pakket in een organisatie
gesimuleerd wordt.

Dit e periment is het eerste van een serie van e perimenten die uitgevoerd gaan worden
om bovengenoemde antwoorden te vinden. Daarbi in proefpersonen oals i hard nodig.
De medewerkers van het pen Workflow Laboratorium bedanken ou dan ook harteli k dat

i ehebt opgegeven.

etvan ete eri ent ml uur vanmiddag beginthete periment. anaf dat mo-
mentben i ambtenaar van de gemeente Berfelo, afdeling Sociale aken, Dienst ortstondige
Leningen Particulieren, of observator van een ambtenaar.
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A btenaar Als ambtenaar voer e een redeli k simpele taak uit. n eerste instantie doe e
dat onder Workflow-pakket. e gebruikt misschien wel een computer om gegevens in te
voeren, maar niet om werk te ontvangen of door te sturen. Dat gebeurt met de hand , door
stapels aanvragen op te halen uit andermans U T-bak es, aanvragen van ouw N- naar
ouw U T-bak e te verhui en en/of e naar andermans N-bak e te brengen.

Aan het einde van dit deel wordt aan de ambtenaren gevraagd een evaluatie-formulier
in te vullen.

Na de pau e gebruik e het workflow-pakket esWork low voor e normale taken en
grotendeels voor het ontvangen en doorsturen van werk. Dat gebeurt door een aanvraag
respectieveli kuit e W - UEUE e electronische N-bak e tehalenendoordeaanvraag
te ELEASE-en ik ben hiermee klaar .

Naafloop vanhete perimentwordtaan de ambtenaren en hun observatoren nog een paar
vragen gesteld over hun idee n over de effecten van de invoering van het workflow-pakket.

ok wordt het elfde evaluatie-formulier nog een keer ingevuld door de ambtenaren.

bservator Als observator registreer e wat een ambtenaar doet. Bi iedere aanvraag die
de ambtenaar behandelt, noteer e hoelang hi / i met eendeel van in/haar taak be igis.
ok houd ebi hoeveel ti d er tussen aanvragen it. Hierbi gebruik e een stopwatchom o
nauwkeurig mogeli k te meten.
et de e metingen wordt verder gewerkt om conclusies uit het e periment te trekken.
Het is dus van belang dat e o nauwkeurig mogeli k werkt en e niet met de ambtenaar
bemoeit

etaanvraa roces Het werkproces datin dit e periment geautomatiseerd wordt is een
aanvraag proces voor een lening bi de gemeente. Hierna volgt een beschri ving van het
proces.

Bi de gemeente Berfelo is het mogeli k om geld te lenen. Er is nameli k gebleken dat bi
de Sociale Dienst nogal veel ver oeken binnenkwamen om hulp bi ti deli ke financiering.
Daarbi horen bi voorbeeld ver oeken om de kosten van een iekenhuisopname die men wel
terug kri gt, maar niet kan betalen, voor te schieten.

m aan de e ver oeken tegemoet te komen is de Dienst ortlopende Leningen Parti-
culieren opge et. De e dienst richt ich op het snel aannemen, beoordelen en afhandelen
van aanvragen voor een kortlopende lening.

p een aanvraagformulier datbi de dienst binnenkomt heeft de aanvrager veel persoon-
li ke informatie ingevuld, onder andere de woon- en werk-situatie en gegevens van de bank
waarnaar het geld overgemaakt ou moeten worden.

De e aanvraag wordt ten eerste in de computer ingevoerd. Het kan in dat bi daarbi
aan enkele voorwaarden voor uitkering niet voldaan wordt. Als dat het geval is wordt
de aanvraag wel ingevoerd maar niet in behandeling genomen. Er wordt dan meteen een
afwi ingsbrief geschreven en naar de aanvrager gestuurd.

Als de aanvraag wel in behandeling wordt genomen, worden eerst de kredietgegevens
van de aanvrager opge ocht. De e staan geregistreerd bi het Bureau rediet -egistratie

B . p basis van enkele van de aanvraaggegevens en de kredietgegevens wordt een
oordeel geveld over de aanvraag. Dat gebeurt aan de hand van enkele beoordelingsregels.
Bi een positief oordeel wordt een toewi ingsbrief geschreven en gestuurd, bi een negatief
oordeel een afwi ingsbrief.



Schematisch iet het aanvraag proces er als volgt uit

|

gegevens invoeren
&

criteria niet OK

criteria testen

criteria OK

krediet gegevens
opzoeken
& invoeren

evaluatie
negatief
&
advies
positief
toekennen afwijzen
& &
consistentie check consistentie check

igure A.1 The loan application process in Dutch

e uitte voerenta en Bi hetaanvraagproces in vif functieste onderkennen metelk een
of meerdere taken

1. aanname

invoeren van de gegevens van een aanvraag-formulier in de computer

beslissen of de aanvraag in behandeling genomen gaat worden

athankeli k van de beslissing de aanvraag doorsturen naar krediet ie onder of
naar afwis ie onder .

2. krediet

op oeken van kredietgegevens van de aanvrager
invullen gevraagde kredietgegevens

doorsturen naar oordeel ie onder .
. oordeel

aan de hand van opgestelde regels beoordelen of een aanvraag gehonoreerd moet
worden

afhankeli k van het oordeel doorsturen naar toewis ie onder of afwis ie
onder .

4. toewis

invullen van enkele gegevens van de aanvrager inclusief het toegekende bedrag
en de termi n op een toewi sformulier



controle op consistentie met originele aanvraagformulier.
. afwis

invullen van enkele gegevens van de aanvrager op een afwi sformulier

controle op consistentie met originele aanvraagformulier.

roe sinde in m de taken niet al te simpel te laten worden en hopenli k een wat realis-
tischer beeld te kri gen, worden sommige stappen uit het aanvraag proces uitgevoerd door
een groep personen. Per groep ullen de aanvragen over en door de groepsleden verdeeld
moeten worden.
De groepen in als volgt samengesteld Uit de tabel bli kt dat swuser1 later meer in

Table A.1  rouping in Dutch
de groep nvoer it en dus de functies aanname en krediet moet uitvoeren. Swuser2
it in de groepen nvoer en Beoordeel en moet dus naast de functies van swuserl ook de

functie oordeel uitvoeren. Swuser hoeft alleen maar te beoordelen. Swuser4 verdeelt in
aandacht over de functies toewis en afwis .

ieis ie Aande muur hangt een papier met de toewi ingen. okun e bepalen welke
functies met bi behorende taken i uit ult moeten voeren.

Instructie voor de functie "krediet" a

Zonder workflow-pakket



Formulier:
BKR.FSL




Met workflow-pakket






Instructie voor de observatoren
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Observation Forms







Appendix C

Case: Administration of key
distribution
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