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5.. RESEARCH DESIGN 

Inn this chapter, I describe my research design. A good research design is a step-wise plan to answer the 
researchh question. I first describe the research methodology and then describe ways of using computational 
modelingg as an analysis and design method for systems. Then, I am able to introduce the cycles in my 
researchh process. Based on the research cycles, I define the case studies that are the foundation of each of 
thee cycles, and are examples of the use of Brahms as a computational modeling and simulation 
environmentt for work practice. 

5.11 SCIENTIFIC METHODOLOGY 

Theree are many variations on the specifics of a scientific methodology, but they all share the common 
themee of scientific understanding of the world. In pursuing a scientific understanding of a problem, the 
outcomee of the research must make sense and correspond with observations. While scientific methodology 
mayy vary across disciplines, most include the following characteristics (Zimmerman and Muraski 1995): 

Understandingg of the problem 

Statingg the problem 

Collectingg data 

Analyzingg data 

Interpretingg data 

Drawingg conclusions 

5.1.11 Understandin g th e proble m 

Inn the introduction chapter I stated the problem I am addressing in this thesis. I restate the problem in the 
nextt section and operationalize it further. Understanding the problem, as Zimmerman describes, is key to 
beingg able to state the problem correctly, and is one of the most important components of research 
(Zimmermann and Muraski 1995). It may take years of disciplined study of a particular domain before an 
adequatee understanding has been accomplished. It is obvious that the understanding of the problem will 
changee as time goes on. A deeper understanding of the problem will most likely change the way the 
researcherr states the problem. Research uses a cyclical process as its modus operandi for scientific 
understandingg (Figure 5-1). 
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Figuree 5-1. Research Process 



5.1.22 Restatin g th e proble m 

Ass stated in the introduction chapter, the main drive for starting this research was because of our 
experiencee in trying to model the work practice of an organization using a workflow-modeling paradigm. A 
workfloww model is a particular view of the work. It is an abstracted functional view of how conceptual objects 
floww through a sequence of tasks in an organization. After a long effort we came to understand that, 
althoughh useful, a workflow model typically omits people's collaboration, "off-task" behaviors, multi-tasking, 
interruptedd and resumed activities, informal interaction, knowledge, and the environment, i.e. the 
geographicall location and placements of people and artifacts. I am seeking to understand how to model and 
simulatee work practice in such a way that we can include these aspects. 

Thee deeper understanding I am interested in is the question of how work really gets done and how to make 
aa formal representation of this, in the form of a computational model. The creation of a formal representation 
off a system results in deep understanding of the system. Making a computational model allows us to test 
andd refine this understanding by comparing the results of a simulation with reality. In this sense, simulation 
iss a research method for understanding the system. 

Inn order to use simulation as the method for understanding the work practice of an organization, we need a 
schemee to represent work practice, and a computational paradigm to simulate a model developed using the 
representationall scheme. The research problem is: 

Ho ww can w e mode l an organization' s wor k proces s in suc h a way tha t w e includ e people' s wor k 

practice ? ? 

Thiss leads to the main subsidiary question (restated from chapter 1): 

1 .. Ho w can w e mode l an organization' s wor k practic e in suc h a wa y tha t w e includ e people' s 
collaboration ,, "off-task "  behaviors , multi-tasking , interrupte d and resume d activities , informa l 
interaction ,, knowledg e an d geography ? 

Onee answer to this question is to develop a modeling language and simulation program in which we can 
representt the way an individual or group of individuals work—i.e. their practice. This leads to further related 
questions: : 

a.. Wha t is mean t by th e concept s in the questio n state d above ? 

Ethnographicc fieldwork in the workplace (Sachs 1995) has shown that in looking at the way people work in 

practicee we see a number of important aspects: 

(1)) People collaborate with each other to accomplish what they have to do. 

(2)) People often work on seemingly non-task related things, called "off-task" behaviors. 

<< 3) People often work on more than one task at the same time, called multi-tasking. 

(4)) People are often interrupted in their activities, and will resume what they were working on, 
afterr the interruption is over. 

(5)) People have many interactions with others that were not planned before hand, and/or not 
partt of the task at hand, called informal interactions. 

(6)) People use their domain knowledge, as well as their social knowledge about the 
organizationn and the culture to perform their daily work activities. 

(7)) The environment is for most part a given. People are always situated in a three-
dimensionall space. Most of the time, people cannot change the work environment, and 
theyy can never ignore the constraints that the environment places on their activities. 
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Next,, we need to operationaJize these concepts. That is, to put them into a form in which they can be 
subjectt to testing by experiment (Preece 1994, p. 188). This leads to the following operational questions. 

b.. What interpretatio n shoul d be place d on thes e aspect s of wor k practice ? 

Inn other words: How can we model them? 

c.. How can thes e aspect s be include d in a computationa l modelin g language ? 

Inn other words: What formal language can we create that makes it possible to simulate? 

Too reiterate what the presented work is, and maybe more importantly what it is not, the following note 
shouldd be taken into account while reading the next sections; This research is about finding a modeling and 
simulationsimulation paradigm, it is not about researching a work practice of a specific organization. My hypothesis is 
thatt Brahms implements such a paradigm. Therefore, the research method used to test Brahms is not to 
usee the Brahms simulation environment to get a deeper understanding of a particular work practice domain. 
Instead,, the research goal is: 

TestTest If Brahms is a suitable modeling language and simulation environment lor modeling 
andand simulating work practice. 

However,, to do this I need to show the use of Brahms in real world domains. It turns out, not surprisingly, 
thatt in the process one cannot avoid getting a deep understanding of the chosen domain. 

5.1.33 Scientifi c metho d and dat a coMoctJo n 

Theree are a variety of research methods and data collection techniques. As a valid research method for 
testingg qualitative modeling approaches, I test Brahms by performing a number of case studies. We can 
acceptt the hypothesis if it can be shown in a reasonable number of real world examples that we can 
simulatee work practice with Brahms. Therefore, the research method I use is a qualitative analysis of a 
numbernumber of empirical case studies showing different uses of Brahms. The question "how many case studies 
iss a reasonable number?" is the discussion in the next section. 

5.22 USE OF COMPUTATIONAL MODELS IN «MULATION 

Wee can classify the use of computational models for solving problems in one of three ways (Table 5-1). 
DescriptiveDescriptive models are behavioral models of an existing system. The purpose of descriptive models is to 
describee the system in a way that makes us better understand the complexity of the system. Descriptive 
modelss are useful to analyze complex dynamic environments. Predictive models are models that predict the 
wayy an existing system behaves in the future. The purpose of predictive models is to be able to know 
beforehandd how the system will behave in the future. Such models are useful in tasks in which we need to 
makee decisions based on future data from a complex dynamic environment. Prescriptive models are 
modelss of future—not yet existing—systems. The purpose of prescriptive models is to prescribe what a 
futuree system should look like. Such models are useful to design complex dynamic environments. 

Tablee 5-1. Use of Computational Models 

Typee of computationa l mode l 

Descriptivee model 

Predictivee model 

Prescriptivee model 

Usee in proble m domain s 

Describee an existing system in order to 
understandd it. 

Predictt the future of an existing system. 

Prescribee a future system that does not exist yet. 

Modelss help us understand systems. According to Klir there are four basic levels of knowledge about a 
systemm (Klir 1985). At each level we know some important things about the system we did not know at lower 
levelss (Table 5-2). The lowest level, the source level, identifies what part of the real world system we want to 
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model,, and the means by which we are going to observe it. It identifies the variables to measure and how to 
observee them. The next level, the data level, is the database of observations in terms of measurements of 
thee variables from the source system. At the third level, the generative level, we have a model that can 
generatee the data from the previous level. This is the level of system knowledge most people refer to as a 
modell the system. At the fourth and highest level, the structure level, we have a description of the total 
systemm by coupling all generative components from the lower level together into a generative system for 
simulation. . 

Tablee 5-2. Kir's levels of system knowledge 

Levell  Name Syste m Knowledg e 

33 Structure Components (at lower levels) coupled together to form 
aa generative system, i.e. a simulation 

22 Generative Means to generate data in a data system 

11 Data Data collected from source system 

00 Source What variables to measure and how to observe them 

Zeigler,, et al, (2000) define three basic ways to deal with system problems, based on Klir's levels of system 
knowledge;; system analysis, system inference and system design. They allow us to move from one level of 
systemm knowledge to another. In System analysis, we try to understand the behavior of an existing or 
hypotheticall system based on its known structure. System Inference is performed when we do not know the 
structurestructure of the system before hand. In system inference we try to guess the structure from observations, 
allowingg us to use this to predict future data. Finally, in system design we are investigating the alternative 
structuress for a completely new system or the redesign of an existing system. 

Thee important notion in Klir's levels of system knowledge is that in system analysis we are not generating 
neww knowledge, as we move from a higher-level to a lower-level description of the system. In system 
analysiss we are only making explicit what is implicit in the higher-level description. Klir does not consider this 
kindd of subjective (modeler-dependent) understanding to be an increase in knowledge about the system. I 
disagree,, and argue that making something explicit that was implicit before will lead to more insight and a 
deeperr understanding, which is a form of new knowledge. Even though in Klir's sense system analysis 
mightt not generate new knowledge, interesting properties of the system will come to light of which we were 
nott aware before the analysis. 

Inn both system inference and system design we move from lower levels to higher levels of system 
knowledge.knowledge. Therefore, in these activities we are creating new knowledge that did not exist before, according 
too Klir's definition. 

Inn Table 5-3, I relate Zeigler's fundamental system problems first to the transitions in terms of Klir's levels, 
andd secondly to the types of computational models that we are developing at the generative level. When we 
aree in a system analysis activity we are developing a descriptive model of the system. The development of a 
descriptivee computational model leads to an increased understanding of how the system works. In system 
inferencee we are trying to create a predictive model. Predictive in the sense that once we have created a 
computationall model that can explain the generation of observed data, we can now use this model to 
predictt future behavior data of the system not yet observed. In system design we are developing a 
prescriptivee model,, in the sense that the model prescribes a future system. 

104 4 



Tablee 5-3. System problems related to model use and types 

Syste mm problem s Modell use Transitio nn betwee n 
Kilt' ss  level s 

Typee of 
computationa ll  mode l 

Systemm Analysis 

Systemm Inference 

Systemm Design 

Thee system exists, and 
wee try to understand its 
behavior. . 

Thee system exists, and 
wee try to infer how it 
workss from 
observationss of its 
behavior. . 

Thee system does not 
yett exist in the form 
we'ree contemplating, 
andd we try to come up 
withh a good design for 
it. . 

Movingg from a higher to 
aa lower level of 
description,, e.g. using 
informationn at the 
generativee level to 
generategenerate the source 
dataa at the data level. 
Movingg from a lower to 
aa higher level, e.g. 
havingg data and trying 
too find a means to 
generatee it. Then using 
thee generative system 
too infer future behavior. 

Movingg from a lower to 
aa higher level, e.g. 
havingg a means to 
generatee data based a 
designn at the 
generativee level. 

DescriptiveDescriptive model 

PredictivePredictive model 

PrescriptivePrescriptive model 

& 33 THEGASESTUHES 

Too show that Brahms is a modeling and simulation environment for work practice, it needs to be shown that 
wee can use Brahms to develop valid models for the three model uses described in the previous section. 

Too relate the types of uses of computational models (from Table 5-3) back to the research process shown in 
Figuree 5-1,1 instantiate three cycles in the research process used in this thesis. At the end of each cycle I 
willl have an increased understanding of the research problem, and will be able to draw on the knowledge 
gainedd in that cycle to start the next. The sequence of the three cycles follows the sequence of system 
problemm description in Table 5-3. The reason for this is that the complexity of system problem increases in 
thatt order, and thus the learning from a case study performed in a cycle can be used in the next. 

Thee domain for the three case studies is a non-traditional work system of scientific fiektwork on the Moon. 
Thee reasons for choosing this domain are the following: 

1.. Working for NASA, white finishing this thesis, means that the research performed should be 
beneficiall to NASA in some form. Understanding how astronauts worked on the Moon, and how 
peoplee and robots could collaborate in future missions to planets, is an important research topic. 

2.. Scientific fieldwork on the Moon is work, even though we might not view astronauts "hopping" 
aroundd on the Moon, or robots driving on the Moon as working. However, if we consider what is 
beingg accomplished on such missions, and the amount of coHaboratJon that takes place, both on 
thee Moon and on Earth, it is less of a stretch to view NASA missions as complex work systems. 

3.. The nature of the technology that was developed during the ApoNo era, and the technology that is 
beingg developed for future NASA missions, is so important in the performance of the work during 
thesee missions that it is a perfect domain for studying how technology needs to be integrated with 
practice.. This becomes especially important when, in the future, humans wiH need to collaborate 
withh robots to build factories on the Moon or on Mars. 
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Therefore,, the three case studies I present in the next three chapters are not about a more traditional 
workplacee on Earth, but about people and robots working on the Moon. Table 5-4 gives a short description 
off the three case studies and their objectives. First, I will show the use of Brahms to describe a work 
practicee from the Apollo days. Next, I will show the use of Brahms to predict future behavior of astronauts, 
basedd on a model of one of the Apollo missions. Last but not least, I will show the use of Brahms to design a 
workk system for a future robotic mission to the Moon. 

Tablee 5-4. Case study descriptions 

CaseStud y y 

1.. Apollo 12 ALSEP Offload 

Objectiv e e Typee of Brahm s Use 

Modell and simulate the ALSEP 
Offloadd activity during the Apollo 
122 mission. 

Descriptivee modeling 

Apolloo Heat Flow Experiment 
Deployment t 

Modell and simulate the Heat 
Floww Experiment deployment, 
basedd on Apollo 15 and 16, and 
predictt activity and 
communicationn behavior in error 
situations. . 

Predictivee modeling 

3.. Victoria Robotic Mission Modell and simulate missions 
operationss of the proposed 
Victoriaa mission, performing 
scientificc exploration wfth a semi-
autonomouss rover. 

Prescriptivee modeling 
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