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Inn the past decade there has been a move in business management towards collaborative workplaces. 
Theree has been a shift from a hierarchy-based organizational culture toward a culture in which collaboration 
willl be (Marshall 1995): 

 A new way of working in which people collaborate and cooperate together 

 A new work ethic that recognizes that work is accomplished by people, regardless of the simplicity 
off the work process 

Theree are significant benefits from the implementation of collaborative work models, including (Marshall 
1995): : 

 A move toward internal collaboration with the goal of competing externally 

 A faster, higher-quality, and customer-driven decision-making model 

 A reduction in cycle time and elimination of non-value added work 

 Greatly increased return on investment 

 Reductions in internal conflicts 

Afterr companies have spent millions of dollars and laid off thousands of people, business process 
reengineeringg (BPR) consultants admit "[We] forgot about the people1" (Davenport 1995). Some writers 
proposee a new method for work design (Weisbord 1987). Taylorism has been replaced with involvement of 
thee workers themselves in the redesign of their work. Holistic work system analysis, a combination of 
organizationall design (OD) and socio-technical system (STS) techniques, lets the workers design their own 
work.. It gives control back to the people who do the work and lets management manage the input to the 
workk process, white the workers manage their work and make sure the output is consistent with the mission 
off the organization. 

Inn designing and implementing collaborative workplaces in a way that embraces these changes in 
managementt views, we need to understand the way people work together, and analyze workplace culture 
andd ethics in order to suggest improvements and design the changes. Both the way people collaborate, as 
welll as the culture of an organization is encompassed in the communities of practice of an organization-— 
thee work practices of the people (Wenger 1997). Therefore, work practice analysis, design methods and 
toolss need to be developed that allow analysts, designers, workers, and managers to understand not only 
thee work process, but also the work practice of an organization. 

AA work practice is defined as the collective activities of a group of people who collaborate and communicate, 
whilee performing these activities synchronously or asynchronously. Most often, people view work merely as 
thee process of transforming input to output. For example, in an automobile manufacturing process the input 
andd output of the work is well defined. Sometimes, however, it is more difficult to describe the input and 
outputt of the work. For example, consider a soccer match between two professional soccer teams. It is 
ratherr difficult to define the input and output of this type of work, although most of us would agree that 
professionall soccer players are working. To describe the work of a soccer team, we quickly fall to 
descriptionss about teamwork and collaboration on the field. 

II claim that the individual activities that make up the work practice not only have to do with the 
transformationn of input to output, but more importantly with the collaboration between individuals in action, in 
pursuitt of a goal. Imagine soccer players who collaborate their activities of kicking a soccer ball in pursuit of 
scoringg a goal. Just focusing on the input and output of each individual activity of soccer players would not 

11 'Next Big Thing1: Re-Engineering Gurus Take Steps to Remodel Their Staffing Vehicles, Wall Street Journal 11/26/96 
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onlyy be very difficult, if not impossible, it would also miss the opportunity to understand what is really going 
on.. However, in this century, work has been defined as the transformation of input to output, starting with 
Frederickk W. Taylor's view of work to Michael Hammer's view of business processes (Weisbord 1987) 
(Hammerr and Champy 1993). 

Inn this dissertation, I take a different view. I am interested in describing work as a practice, a collection of 
psychologicallyy and socially situated collaborative activities between members of a group. I am modeling 
workk practice to understand how, when, where, and why collaborative activities are performed, and to 
identifyy the effects of these activities, as well as to understand the reasons why these activities occur in the 
wayy they do. Therefore, the central theme is to find a representation for modeling work practice. I will define 
whatt I mean by the term work practice, and how it relates to collaboration and communication between 
people.. I will also present a multiagent modeling language to represent models of work practice. These 
modelss can be simulated in order to show the effects of the activities of people and their communication, 
beingg situated in a geographical environment, and using tools and artifacts to perform their collaborative 
work. . 

1.11 PROBLBH STATBVEKT 

Inn an effort to re-design an order process at NYNEX2, the designers from the Work Systems Design group 
att NYNEX Science & Technology3 used an off-the-shelf business process simulation tool to model the old 
andd the new work processes. The newly created design of this work process included a coordination role, 
thee turf coordinator (TC). The function of the TC was to keep track of the incoming T1 -orders from beginning 
too end, at each moment coordinating the work activities between several individuals in different 
organizationss and locations throughout Manhattan. For example, when a technician in the field was ready to 
testt a T1 data-line installation at a customer site, the TC would coordinate a circuit test with the responsible 
testerr in the central office. It was only at these moments that the TC was actually engaged in a collaborative 
workk activity that was essential to the workflow process. Most of the other work activities for this role (such 
ass meetings, tracking orders, calling people) did nor include activities that operated directly on the work 
productt (i.e. the implementation of a high-speed data line) (Sachs 1995). 

AA workflow model shows the sequential tasks through which a work product (such as an order) flows 
throughh the process. In each task, resources work for an amount of time on the work product—"touching the 
object."" The workflow-modeling paradigm excludes work activities in which people do not directly "touch" the 
workk product (see chapter 2). In other words, critical tasks that make a work process succeed or more 
productive,, but in which people are not directly working on the work product, are not be represented. 

Coordinationn roles are, in essence, roles that manage or coordinate other people's work activities. It is 
seldomm thatt a TC actually louches" the work product during the process. Consequently, ft was very difficult 
too represent most of the TC's work in the workflow model. The result was that the workflow model did not 
includee most of the tasks of the TC, and therefore could not be used to explain the need for this new 
coordinationn role in the newly designed T1-order process. The work system designers were frustrated 
becausee they could not explain the importance of this new role using the model, while the rationale of the 
overalll design was primarily based on the introduction of this new coordination role. 

Ironically,, the company adopted the design. The job-flow time and cost statistics from the simulation of the 
neww workflow model showed a more than significant improvement over the statistics, from the simulation of 
thee old model. Since management decided to go ahead with the new design based on the output of the 
workfloww simulation model, one could argue that the model was helpful in the effort. However, although the 
managementt decision was at least partially based on the simulation output, the work system designers 
complainedcomplained about the usefulness of the model and the simulation during and after the design phase. 

Accordingg to the work system designers, the model could not be used during the design sessions because 
thee language, design formalisms and representations used to talk about the work practice and activities of 

22 NYNEX was one of the former Bell Telephone Operating Companies. In October of 1997, the NYNEX and Bell Atlantic corporations 
merged.. The resulting company was called Bell Atlantic. In 2000, the Bell Atlantic and GTE corporations merged to create Verizon. 
33 NYNEX Science & Technology was the research and development center of the former NYNEX telephone company. As a result of the 
Belll Atlantic merger, NYNEX Science & Technology was dismantled, and the Work Systems Design group ceased to exist. 
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thee people in the work process were incompatible with that of the workflow paradigm. Although useful, a 
workfloww model typically omits collaboration, "off-task" behaviors, multi-tasking, interrupt and resume, 
informall interaction, and geography. In other words, workflow omits work practice (Clancey et al. 1998). The 
workfloww model was created as a separate activity outside the design team sessions. The person creating 
thee workflow simulation model—the modeler—would interview design team members, and from this create 
thee workflow model based on his interpretation of the design. There was feedback from members of the 
designn team on the workflow model, but at no time did the model play a significant role in the design 
activitiess of the design team. 

Inn order to have a computer model that is convincing to management, helpful in the analysis and design 
process,, helpful in the understanding of the new design, and helpful in the communication of that design, 
we44 started our effort in developing a modeling language and simulation environment that allows us to 
modell the work practice of people in a work process. The Brahms language and simulation environment is 
thee result of this effort. 

Inn this thesis, I am describing the use of Brahms as a tool for modeling and simulating work practice. I first 
developp a theory of modeling work practice. Then, by describing three case studies, I test if Brahms 
operatjonalizess the theory and is a valid tool for modeling and simulating work practice. 

1.22 RESEARCH QUESTIONS 

Theree are many approaches to understanding work processes and practices—workplace observation, role-
playing,, interviewing, peripheral participation, and training. The approach that will be researched in this 
dissertationn is a multiagent simulation approach for analyzing work practices. The following questions will be 
addressed: : 

1.. How can we mode l an organization' s wor k practic e in suc h a way that we includ e people' s 
collaboration ,, "off-task "  behaviors , multi-tasking , interrupte d and resume d activities , 
informa ll  interaction , knowledg e and geography ? 

Too answer this question we need a modeling paradigm that allows us to describe these aspects. I describe 
aa multiagent activity-based modeling language and simulation method, and present case studies that 
evaluatee the modeling paradigm and associated simulation method. 

2.. What is the added valu e of compute r simulatio n in a model-base d approach ? 

Too answer this question I will define what I mean by "added value", and define operational criteria to answer 
thee question based on the case studies. My hypothesis is that simulation adds significant value to the 
understandingg of the work system, because without simulation, the changes over time in a complex system 
aree difficult to comprehend. 

1.33 FRAMCVWMWFORMOOBJNGANDSMUIJmO N 

Inn this section, I establish a framework for modeling and simulation. Modeling is the static formal or informal 
representationn of relationships between elements of a system, while simulation is the execution of a formal 
computationall model over time. A computational model describes a class of systems in terms of operations 
onn entities, in which the operations are described in computational terms: 

Computationa ll  Model = Forma l Representatio n + Operato r Calculu s 

Whereass research in work practice is done in real-life settings, computational modeling experiments can be 
donee at lower cost, time and effort (Stasser 1988). Scenario's can be addressed in a systematic fashion, 
andd replicated as many times as necessary. A computational model is also useful in case there is 

44 "We"  are the peopl e who were involve d in «he contemplatio n arid developmen t of Brahrns . With the risk of leavin g s o m ^ ^ 
includes ::  B i Clancey , Dave Torek , Ron van Hoof , Jim Euchner , Pat Sachs , Gitry Jordan , David Moore , Madelin e Flitter , Peter Hensche l 
andd Ed Thomas , from NYNEX Scienc e & Technolog y and the institut e fw Researc h on Learning . I am o/ate M to 
thes ee individuals , withou t whom I woul d never have been able to attemp t thi s dissertation . 
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insufficientt data or where data is unobtainable, such as where the problem domain is too risky in terms of 
safety,, or when designing a system that does not yet exist. Another valuable aspect of computational 
modelingg is the ability to incorporate theories in the model to be tested in the real system. When including 
neww propositions to be tested, unexpected novel results may occur that can lead to insights, and further 
research. . 

Thesee characteristics make computational models especially useful for studying human activity systems 
(Checklandd and Scholes 1990), especially those where collaboration and teamwork are an essential part of 
thee system. Computational models force analysts and designers to be specific about the relationship 
betweenn the entities in the system; in this case the way people work together. Observations, concepts, and 
anecdotess from the real world need to be systematically formalized into computational operations. This 
enabless analysts and designers to be systematic and complete in describing the behavior of a group of 
peoplee as individuals. 

Inn this thesis, I describe a new conceptual and computational formalism for representing the work practice of 
aa group of people in an organization. I will provide empirical evidence supporting the claim that this new 
formalismm allows us to model and simulate work practice, such that this system can then be used as a tool 
forr studying and/or designing work practice in real-world systems. 

1.3.11 Entitie s of a modelin g and simulatio n framework 

Figuree 1-1 shows that the basic entities of the framework are source system, model, and experimental 
frame.frame. The basic relationships between these entities are the modeling and simulation relationship (Zeigler 
ett al. 2000). 

Thee source system is the real or the virtual environment that is being modeled. The source system provides 
thee source data that will be used for the development of the model. This data is captured through 
observationn of the source system and is represented in the behavior database or, what I call, the conceptual 
model. model. 

Experimentall Frame 

Modeling g 
Relation n 

Figuree 1-1. Basic entities in M&S and their relationships (borrowed from (Zeigler et al. 2000)) 

Thee experimental frame is the specification of the conditions under which the source system is being 
observedd or experimented with. As such, this is the operationalization of the objectives for the modeling and 
simulationn effort. Zeigler, et al, define two equally valid views of an experimental frame. The first view is that 
itt defines the type of data elements that will go into the database, and therefore the observational framework 
forr the source system. The second views a frame as a system that interacts with the source system to 
obtainobtain the data of interest, and is therefore the framework that defines how to model the source system. I 
willl show an example of this in the third case study, described in chapter 8. 

AA model, in a computational system, is a source system specification at a generative and structural level. 
Thee most common concept of a computational model is that it consists of a set of instructions, rules, 
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equations,, and/or constraints for generating I/O behavior. Therefore, in computational models we write the 
modell with a state transition and an output generation mechanism. The benefit of a computational model is 
thatt it has a sound computational foundation and therefore has a definite syntax and semantics that 
everyonee can understand. 

Thee objective in this thesis is to define a computational modeling language and output generation 
mechanism—aa simulator-^for modeling and simulating work practice. This language and simulator is called 
Brahms5,, and the goal is to use and validate Brahms as an environment for modeling and simulating work 
practice. . 

1.44 THESIS OUTLINE 

Thiss thesis consists of two parts. Part one is the theory part. In this part, I am developing a theory and 
model-basedd methodology for modeling work practice. Based on this, I am hypothesizing that Brahms is a 
tooll for developing models of human work processes at the work practice level—models of work practice. 
Therefore,, I describe the Brahms modeling formalism and simulation capabilities in chapter 4, after the 
presentationn of the theory in chapter 3. 

However,, chapter 2 first discusses existing modeling and simulation approaches for human behavior, as 
theyy are relevant to the research questions presented in this introduction chapter. I describe four 
approachess from different academic fields. First, I describe a business process modeling approach and tool 
fromm the business processes engineering community. This approach is relevant, because it was the source 
off inspiration at the start of this research. The business process modeling approach that is discussed is 
workfloww modeling and simulation. There are significant shortcomings to this approach to making it useful 
forr representing work practice. These shortcomings are explained and discussed. 

Thee second approach that is discussed is cognitive modeling. This modeling approach is developed in 
cognitivee science, ft is relevant to this research, because we are interested in modeling individuals and 
groupss of people, and their ability to act in and reason about their social and physical work context There 
aree some concepts that can be used from this approach. However, its limitations for modeling work practice 
aree also discussed. 

Thee third approach is that of the distributed artificial intelligence (DAI) community. Distributed Al focuses on 
multiplee cognitive agents, and is thus relevant to the modeling of groups of people working together. I 
discusss a number of DAI systems that are out in the community, and describe the way they deal with 
representingg the distribution of tasks amongst multiple agents, and how they deal with communication 
betweenn agents, as well as the physical environment of the domain in which they operate. 

Thee last approach discussed is that of computational organization theory. This approach is mostly rooted in 
organizationall theory and business economy. It is relevant, because it deals with modeling organizations 
andd their behavior. However, as is discussed, the level of modeling is at a more abstract level then the work 
practicee level I am interested in. 

Chapterr 3 then describes my theory of modeling work practice. It starts with giving the reader a historical 
perspectivee of the concept of practice. I then define what I mean with work practice, and describe work 
practicee at an epistemological level. Here I define the concepts and elements that are relevant for modeling 
workk practice. The concepts introduced here are: community of practice, activities, collaboration, 
communication,, artifacts and geography. I then describe a model-based approach for modeling work 
practice. . 

Chapterr 4 describes the Brahms modeling and simulation language in detail. I hypothesize (in chapter 5) 
thatt the Brahms language incorporates the right woridview for modeling work practice, as described in 
chapterr 3. The Brahms language was developed by a group of people at IRL and NYNEX Science & 

55 The name Brahms stand s for  Busines s Redesig n Agerttase d HoNsfeModeHri g System , w 
onee of the origina l dewtopere , Dave Torok,f w 
environmen t t 
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Technology,, which I had the pleasure to be part of. This introduction to the Brahms language is necessary 
too understand part two of the thesis. 

Mostt of the work presented in this thesis was in the application of the Brahms multiagent modeling and 
simulationn environment to three case studies. This is therefore the topic of part two. To test my hypothesis 
aboutt Brahms and to proof my theory of modeling work practice, I performed three extensive case studies in 
whichh I used Brahms to model the work practice of real-world domains. 

Chapterr 5 describes the research design. In that chapter, I present the research approach and the case 
studies,, and explain the motive for choosing them. If the reader is interested in jumping ahead, and get an 
overvieww of the design of the research approach chosen, as well as a quick description of the case studies, 
itt is good to read this chapter before moving on to any other part of the thesis. After chapter 0, the next three 
chapterss each discuss the case studies in great detail. I advise the reader to at least first read chapters 3 
andd 4, before starting on the case studies, because understanding the results found in the case studies 
requiress a somewhat in-depth understanding of the theory, as well as of the Brahms language and 
simulationn capabilities. 

Chapterr 6 describes the Apollo 12 ALSEP-Offtoad case study. In this case study, I modeled the work of the 
Apolloo 12 astronauts on the Moon, offloading the ALSEP packages from the Lunar Module. This is an 
examplee of a descriptive model. 

Chapterr 7 describes the Apollo Heat Flow Experiment (HFE) deployment case study. In this case study, I 
modeledd the work of the lunar surface astronauts deploying the HFE, in a more general way. This is an 
examplee of a predictive model. 

Chapterr 8 describes modeling a work system design of the mission operations of a mission to the Moon 
withh a semi-autonomous rover. In this case study, I used my work practice modeling approach to model a 
designn of a work system that currently does not exist. This is an example of a prescriptive model. 

Last,, but not least, chapter 9 presents conclusions. In this chapter I present my findings, based on the three 
casecase studies. I start with a reflection on the results from the case studies and how they relate to the two 
researchh questions presented in this chapter. I then discuss the cost-benefit of modeling work practice using 
Brahms,, as well as the scaling-factor with regards to the size of Brahms models. The three case studies all 
modell relatively small organizations. I briefly address the issue whether the work practice modeling and 
simulationn methodology developed in this thesis, scales up to larger organizations. After that, I discuss 
somee of my scientific contributions to the different scientific communities. This describes my own 
interpretation,, and it should be taken into consideration that I am, obviously, biased in this regard. I end with 
aa discussion of some future research that needs be conducted, in order to make the presented work 
practicee modeling and simulation methodology more robust and complete. 

Thiss ends the introduction to this thesis. Next is part one and the discussion of different approaches for 
modelingg human behavior, or chapter 5 for those who want to know more about the design of the research 
approachh and the case studies. 
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